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Improving Dynamic Resource Allocation Efficiency in Software—Defined

Virtual Networks Using Proactive Traffic Forecasting

Abstract

Eng. Mohammad Merie Dr. Eng. Mayyad
Jaber

mohammad.merie@damascusuniversity.edu.sy

mayyad.jaber@damascusuniversity.edu.sy

Multi-slice Virtual Software-Defined Networking (vSDN) represents a prominent
paradigm that enables the sharing of underlying physical infrastructure across
multiple independent virtual networks and services, thereby enhancing resource
utilization and network management flexibility. Given the dynamic nature of network
traffic and continuous load fluctuations, achieving efficient dynamic resource
allocation poses a primary challenge in these environments, necessitating proactive
This study mechanisms capable of forecasting future demand prior to its occurrence.
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proposes a framework to enhance dynamic resource allocation efficiency based on
proactive traffic forecasting using a Long Short-Term Memory (LSTM) model,
combined with an exponential smoothing mechanism applied to predicted values to
mitigate short-term fluctuations and stabilize allocation decisions. The proposed
scheme dynamically distributes resources according to expected future loads of virtual
slices, enabling early responses to traffic variations and optimizing resource
utilization. The framework was evaluated within an integrated simulation
environment based on Mininet, ONOS, and Libera Hypervisor, analyzing the impact
of exponential smoothing on prediction accuracy, allocation stability, and resource
Experimental results demonstrated that combining exponential smoothing efficiency.
with the LSTM model significantly mitigated sharp oscillations and reduced
unnecessary reallocations. The proposed model achieved an overall average Quality
of Service (QoS) index of 0.82 (representing an improvement of 7.5% over the
DLVisor framework and 37.4% over static allocation) and successfully reduced the
Service Level Agreement (SLA) violation rate for critical slices to just 5% (a 50%
reduction compared to DLVisor). Furthermore, the framework exhibited high
efficiency in reducing resource wastage, achieving relative improvement rates
exceeding 50% across all slices compared to static allocation, and lowering wastage
by 38.46% and 22.22% compared to DLVisor for critical and video slices,
respectively. Computationally, the framework maintained linear complexity O(S)
with a low decision-cycle execution time ranging from 4.82 ms for 3 slices to no more
than 8.15 ms under high operational density (12 slices), outperforming DLVisor in
response speed by 83.1% (48.30 ms at the same scale). These numerical findings
confirm that the proposed model strictly operates within the critical boundaries of the
real-time control loop (Real-Time Control Loop < 10 ms), establishing it as an
effective and scalable approach for optimizing dynamic resource allocation and
enhancing performance stability in multi-slice virtual software-defined
networks.
Keywords: Dynamic Resource Allocation, Proactive Traffic Forecasting,
Software-Defined Networking, Virtual Network Virtualization, LSTM,
Exponential Smoothing, Resource Utilization, Allocation Stability, Quality of
Service (QoS).
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Azl 0 ddagyd 9 clleall G culh e 368 o i 3 dplaal) LS jalasily
ol o Gay) ¥ eelld pas il oW Adla) alad clila 5 ALS5 aeal iyl
bl ad 8 A bygemy pentill 8y el i ) Lol a5 (anadill dile
sale) Cllee 23e5 Garaall Lyt Chdse Aladiul aiell gl WAl gl 456 DA e
c)lgall Pt 36188 anaddl)
(Pseudocode) 4 siiall 400U 4iuagll 3,440 6-3
Aagial LB sl sl Julal) (Algorithm 1) 8 dawasall dgeagll 5all jalll
(At =lanzall ALIE die) oS3 dSla Gania (950 IS Apalsal) 368 LAY 3lsall Ganadil
AGall Jleal) yaniy ¢ ) apeilly sl 305 5 el Gl 5018 fag dua (28)
Ypuas «(Aplaiil Jay Lyl 5 Qllall QLaS) LAal VA dallas go dseil) Garaslls
Open vSwitch (OVS) zilis 3 (Q0S) a5l Slulew s )
Algorithm 1: Proactive vSDN Slice Resource Allocation Framework
Input :
— Historical load window for each slice S_i: [T_i(t-k+1), ..., T_i(t)]
— Pre—trained LSTM model weights Theta
— Exponential smoothing factor gamma in (0, 1)
— Total substrate network capacity C_tot
— Minimum guaranteed bandwidth thresholds B_i*min
— Control loop update interval Delta_t = 2s
Output:
- Bandwidth Allocation Vector B(t+1) = [B_1(t+1), ..., B_N(t+1)]
— Flow Rule updates for OVS Meter Tables
1: Initialize ONOS Controller, Libera Hypervisor, and OVS Interfaces
2: Loop continuously every Delta t = 2s:

4: /| Phase 1: Raw Traffic Prediction using LSTM (3-1)
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5:  Foreach slice i =1 to N do:

6:

7: End For

9: /| Phase 2: Exponential Smoothing Application (3-2)
10: For each slice i =1 to N do:

11

D_smooth_i(t)

12:  End For

13

14: For each slice i =1 to N do:

15:

16: Ait)=1

17: Else:

18: Aih=0

19: End If

20: L_i*a(t+1) = A_i(t) * D_smooth_i(t+1)
21: End For

22:

Calculation (3-4)

23:  L_tot a(t+1) = Sum(L_j*a(t+1)) forj=1to N
24: If L_tot_a(t+1) == 0 Then:

25: Fori=1 to N do:

26: W_i(t+1) = 0

27: B_i(t+1) = 0

28: End For

29: Else:

D_raw_i(t+1) = LSTM_Inference([T_i(t-k+1), ..., T_i(t)]; Theta)

: D_smooth_i(t+1) = gamma * D_raw_i(t+1) + (1 - gamma) *

: /| Phase 3: Active Slice Identification & Effective Load L_i*a(t+1) (3-3)

If (T_i(t) > 0 OR D_smooth_i(t+1) > 0) Then:
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30: Fori=1 to N do:

31: W_i(t+1) = L_i*a(t+1) / L_tot_a(t+1)

32: /| Phase 5: Resource Allocation & SLA Protection (3-5)
33: If A_i(t) == 1 Then:

34: B_i(t+1) = Max( W_i(t+1) * C_tot, B_i*min )
35: Else:

36: B_i(t+1) = 0

37: End If

38: End For

39: EndIf

40: // Phase 6: Hardware Execution & OpenFlow Policy Injection

41:  Generate OpenFlow QoS meter rules corresponding to B(t+1)

42: Inject rules via ONOS REST API to update OVS flow tables in Data
Plane

43:  Update historic buffers for the next control cycle (t + 1)

44: End Loop
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Dbsas eigladl) Juill 2y a3 G il Hlae 1oalfie Gl ) dplesdl i
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