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ABSTRACT

The accelerated adoption of large language models (LLMs) on cloud-native platforms introduces
new autoscaling challenges due to inference-heavy, latency-sensitive, and token-driven workloads.
Traditional Kubemetes Horizontal Pod Autoscaler (HPA), based on CPU and memory metrics, fails
to capture LLM runtime behavior, leading to slow scaling, cold starts, and degraded performance.
This study proposes a proactive autoscaling framework using inference- aware custom metrics and
machine learning—based workload prediction. It incorporates metrics such as inference time and
tokens processed and evaluates a dual-metric HPA policy that outperforms single-metric approaches,
reducing mean latency by up to 50%, peak latency by 18-20%, and improving scaling stability. To
overcome reactive limitations, time- series models are used for workload forecasting, with LSTM
and GRU outperforming ARIMA and Prophet in accuracy. System-level results demonstrate that
prediction-driven autoscaling reduces cold starts by 80%, stabilizes latency, and enhances response
time, enabling efficient, workload-aware resource management for latency-critical LLM
applications.
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