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ABSTRACT

5G transmission networks need to evolve based on existing 4G transmission
networks. During the evolution process, because of the upgrade of base stations and the
growth of people's demand for the network, some nodes that are in transmission networks
access too much traffic. This results in a high load on the access network and it also leads
to an unbalanced load on the entire network. In this situation, changing the topological
connection relationship between existing base stations and transferring nodes in a high-
load network to a low-load network is an effective way to improve the network load in a
short period of time at a lower cost. For solving the problem of unbalanced load on the
entire network, this thesis need to study topology optimization algorithms to fully explore
the topology solution space. In order to ensure that the optimized topology will continue
to be effective in future, the topology optimization algorithm cannot be based on historical
data alone. Future traffic trends also need to be considered. That is why we need to study
traffic prediction models.

This thesis uses real telecommunication network topology data and traffic data to
design a transmission network topology optimization system. This system based on
spatio-temporal prediction, which uses historical network traffic and spatial information
in the network topology to predict the future traffic of nodes. It also uses the predicted
traffic and historical traffic as the basis for topology optimization, and uses genetic
algorithms to explore the topology solution space to find a load-balanced network
topology. The main contributions of this thesis are as follows:

(1) This thesis proposes to use spatio-temporal prediction in transmission
network,and considers that current spatio-temporal traffic prediction models lack
effective method in measuring the time series similarity that has global similarity and
local dissimilarity characteristics. Similarity distance that cannot effectively reflect
similarity results in inaccurate traffic prediction. To solve this problem, this thesis
innovatively uses a dynamic time warping method in the spatio-temporal traffic
prediction model to calculate the similarity distance of two time series. Dynamic time
warping automatically warps the time axis to calculate the minimum similarity distance
and solves the problem, which means similar distance cannot correctly reflect the
similarity caused by local dissimilarity. Experimental results show that the method

improves the accuracy of traffic prediction by 6.7% over the traditional non-temporal
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prediction model.

(2) Firstly, this thesis proposes a new genetic algorithm based on random node
transfer to solve the problem, which traditional genetic algorithm violates the connection
constraints between nodes due to the random connection of the edges. The new genetic
algorithm based on random node transfer can fully search the solution space while the
constraints are followed. Secondly, the set of equivalent nodes is constructed by
hierarchically classifying nodes to reduce the dependency of inter-node, and it also assists
genetic algorithm. Finally, a stack-based depth-first algorithm and a recursive de-
redundancy algorithm are designed to divide the whole topology into several sub-
networks. Above algorithms provide the basis for the topology optimization algorithm.
These methods finally achieve successful network optimization on a real large-scale
network topology. The experimental results show that the genetic algorithm based on
random node transfer improves the load balancing index by 8.4% compared with the
heuristic node transfer algorithm.

(3) By combining the above two methods, a real 5G transmission network topology
optimization system based on spatio-temporal traffic prediction is successfully
implemented. The experimental results show that the optimized network improves the
load balancing index by 7.05% while carrying historical traffic and future predicted traffic.
This proves the effectiveness of the system proposed in this thesis.

26 figures, 10 tables, 41 reference articles.

KEYWORDS: Spatio-Temporal Traffic Prediction; Network Topology Optimization;
Dynamic Time Warping; Genetic Algorithm
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Figure 2-2 Internal Structure of Long and Short-Term Memory Network
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Figure 4-3 Spatio-Temporal Prediction Model
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Table 4-1 Spatio-Temporal Prediction Model Parameters

ZH AR & X W R AL {2
learning_rate ) HR - 0.001
batch_size 1RV ONAN - 60
optimizer LAt 2% - adam
GCN 1 GCN #2204k relu 60
GCN 2 GCN 2 T8 relu 40
LSTM 1 LSTM #H £t tanh 200
LSTM 2 LSTM #H£ e tanh 100
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Figure 4-5 DTW Similarity Prediction Result
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Table 4-2 Prediction Error

TR MAE RMSE
LSTM 28.742 42916
GCN+LSTM 25.317 40.419
GCN+LSTM+Distance 26.273 40.832
GCN+LSTM+ ED 26.037 40.999
GCN+LSTM+DTW 25.056 40.019

RYER 4-2 Frorgsi i, AT AR 2T AN 70 A

(¥ GCN+LSTM 455 LSTM W45 RAHMEL, GCN #2EL 7 2 [AE &
GCN+LSTM A L% LSTM, MAE #£7F 11.9%, RMSE £} 5.8%. /1 GCN+LSTM
FTLSTM F S0 AE A B SAE XS L U ] 4-6 T o

GCN+LSTM AHELT LSTM X B AR FililRS B FHER . GCN By i M 2 [ 4
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Figure 4-6 Spatial Information Comparison Results
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Table 4-3 Depth-first Traversal Search Link

Algorithm 1: Depth-first traversal search link

Input: Adjacency matrix G,Node N,Node type T,Start node S,End node E
Output:Paths P

Initialize Stack, Instack
1 Stack[0] « S, Instack[S] « 1
2 while Stack > 0 do
3 topelement « Stack[—1]

4 if topelement # E then

5 for eachindex in [c,n] do

6 j « index, type « T[index]

7 if not visited this node A (type = previous type A Stack = 1) then
8 Instack[index] « 1,Stack[—1] « N[index]

9 search for the next node

10 break

11 if Search to the end then

12 top element « Stack[—1], Instack[top element index] « 0
13 pop(Stack)

14 continue the search of the previous node

15 if top element = end then

16 P < Stack

17 pop(Stack)

18 Return P

AR AR IR B S Py BRI, B NPT 5, — AT AR I
ARIRTT R, AR ARG R, T ARS8 . R RS AR T K
208 Xt 22 /e G R B H 88, JRIEDLSei ¥ H At 23K H P sl 2 [RIAF 6 2
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T P2 0L T4 m B R N, SR ) ) 5 TR P ) ) A B, X L
SR B 2 B AR B o (H T B R R R SR R S TV X ) T
B o AR T INE%E X, FEERR LR A AT U A AR R/METE, AT DR XA 5% AF
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BERK, MRAEF LT L, AR IR Ry T, AR VRIS . &
WX 3 T ERIBER

Q)R LR TUR

IR P A0 Sl [ 45 3 1 P B B B 0, 1 R B R YT A, U AR T AME TR /T
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BERR IR A B o Z2BRITARTT RUGVEAE H X 7 32 BB R AC A 2 s B, X PR Rl
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Table 4-4Recursive De-redundancy Algorithm

Algorithm 2: Depth-first traversal search link

Input: Sub paths set P, Redundant node set S,

Output:Non redundant sub paths set P,

Initialize shortest path ps,non redundant path p,, this recursion returnr,,
next recursion returnr,

1 fornodeinpgdo

2 if (nodenS,) then

3 Continue

4 add node in S,

5 append node in p,

6 if P, =0then

7 returnr, < r,

8 if Py # Othen

9 r. < callself(Ps, S,)

10 Return r.+ r,
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Figure 4-9 Node Divided By Capacity and Subnet
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Table 4-5 Genetic Algorithm Baseline Comparison
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Figure 4-12 Convergence of Genetic Algorithm
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Table 4-6 Topology optimization system performance based on time-space prediction
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Figure 4-13 Network Topology Before Optimization
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Figure 4-14 Optimized Network Topology
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