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ABSTRAK 

 
Perkembangan teknologi jaringan komputer semakin kompleks dengan 

meningkatnya kebutuhan akses internet sehingga membutuhkan sistem manajemen 
bandwidth yang adaptif dan stabil tetapi faktanya dilapangan pembagian trafik 
jaringan masih dilakukan secara statis sehingga sistem tidak mampu merenspons 
perubahan secara dinamis. Kondisi ini mengakibatkan ketidakseimbangan 
penggunaan bandwidth yang meningkatkan delay, packet loss, jitter dan throughput 

secara signifikan. Oleh karena itu, membutuhkan sistem prediksi yang mampu 
memprediksi kondisi trafik jaringan untuk load balancing dan failover secara 
otomatis.  

Penelitian ini bertujuan mengembangkan sistem prediksi trafik jaringan 
Long Short-Term Memory (LSTM) dengan metode Low-Rank Adaptation (LoRA) 
dan Dropout. Kombinasi model trafik jaringan dipilih untuk meningkatkan efisiensi 
komputasi dan mencegah overfitting pada model prediksi. Data penelitian diperoleh 
dari perangkat MikroTik pada jaringan dual ISP di SMK Negeri 1 Ciruas, dengan 
parameter yang diukur meliputi throughput, latency, jitter, packet loss, dan beban 
CPU dari dua jalur Internet Service Provider (ISP). Model LSTM digunakan untuk 
melakukan prediksi trafik secara real-time, dan hasil prediksi memutuskan sistem 
load balancing Per Connection Classifier (PCC) serta failover otomatis. Evaluasi 
model prediksi dilakukan dengan menggunakan metrik Mean Absolute Error 
(MAE), Root Mean Square Error (RMSE), Mean Squared Error (MSE), dan 
koefisien determinasi (R²).  

Hasil pengujian menunjukkan bahwa model LSTM dengan LoRA dan 
Dropout menghasilkan MAE terbaik sebesar 0,89 dan RMSE sebesar 4,49, yang 
menunjukkan peningkatan akurasi yang signifikan. Implementasi sistem ini 
meningkatkan kualitas layanan jaringan, yang ditandai dengan penurunan jitter 
ISP1 sebesar 22,81%, jitter ISP2 sebesar 54,43%, packet loss ISP1 turun hingga 
100%, packet loss ISP2 turun 99,81%, meningkatnya throughput RX ISP 2 sebesar 
26,63% dan penurunan beban CPU hingga 37,3 % dari CPU konvensional. Sistem 
load balancing dan failover dapat mendistribusikan trafik secara adaptif dan 
responsif terhadap perubahan kondisi jaringan. Waktu fine-tuning model tercatat 
hanya 2,13 detik, sehingga sistem prediksi menggunakan LSTM dengan LoRA dan 
dropout dapat implementasi real-time pada perangkat edge computing dengan 
sumber daya terbatas. Dengan demikian, penelitian ini membuktikan bahwa model 
prediksi LSTM dengan LoRA dan Dropout efektif dalam menghasilkan sistem 
manajemen jaringan yang prediktif, efisien, andal, dan meningkatkan kualitas 
layanan internet. 
 

Kata Kunci: LSTM, LoRA, Dropout, , load balancing, failover, MikroTik, Quality 

of Service 
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ABSTRACT 

 
The development of computer network technology is becoming increasingly 

complex due to the growing demand for internet access, necessitating an adaptive 
and stable bandwidth management system. However, in practice, network traffic 
allocation is still performed statically, preventing the system from responding 
dynamically to changes. This situation results in an imbalance in bandwidth usage, 
which significantly increases delay, packet loss, jitter, and throughput. Therefore, a 
prediction system is needed that can forecast network traffic conditions to 
automatically perform load balancing and failover.  

This study aims to develop a Long Short-Term Memory (LSTM) network 
traffic prediction system using the Low-Rank Adaptation (LoRA) and Dropout 
methods. A combination of network traffic models was selected to improve 
computational efficiency and prevent overfitting in the prediction model. Research 
data was obtained from MikroTik devices on a dual-ISP network at SMK Negeri 1 
Ciruas, with measured parameters including throughput, latency, jitter, packet loss, 
and CPU load from two Internet Service Provider (ISP) links. The LSTM model 
was used to perform real-time traffic prediction, and the prediction results triggered 
the Per Connection Classifier (PCC) load balancing system as well as automatic 
failover. The prediction model was evaluated using the Mean Absolute Error 
(MAE), Root Mean Square Error (RMSE), Mean Squared Error (MSE), and 
coefficient of determination (R²) metrics. Test results show that the LSTM model 
with LoRA and Dropout achieved the best MAE of 0.89 and RMSE of 4.49, 
indicating a significant improvement in accuracy.  

The implementation of this system improved network service quality, as 
evidenced by a 22.81% reduction in ISP1 jitter, a 54.43% reduction in ISP2 jitter, 
a 100% reduction in ISP1 packet loss, a 99.81% reduction in ISP2 packet loss, a 
26.63% increase in ISP2 RX throughput, and a 37.3% reduction in router CPU load 
compared to a conventional CPU. The load balancing and failover system can 
distribute traffic adaptively and responsively to changes in network conditions. The 
model fine-tuning time was recorded at only 2.13 seconds, enabling the predictive 
system using LSTM with LoRA and dropout to be implemented in real time on 
edge computing devices with limited resources. Thus, this study demonstrates that 
the LSTM prediction model with LoRA and dropout is effective in producing a 
predictive, efficient, and reliable network management system that improves the 
quality of internet service. 
 
Keywords: LSTM, LoRA, dropout, load balancing, failover, MikroTik, Quality of 
Service 
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