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  Abstract 
High-concurrency situations demand stringent constraints on the parallel computing 
efficiency of large language models. Typically, complex load distributions and im-
perfect parallel scheduling architectures result in resource wastage and increased 
inference latency during model deployment. This paper comprehensively investi-
gates the operational principles of large language model inference under a high vol-
ume of concurrent requests and examines the adaptability limitations of major par-
allel computing schemes in high-speed service environments. To address these chal-
lenges, a multi-dimensional hybrid parallel computing structure is designed to over-
come the limitations of single parallel computing approaches, and an adaptive gran-
ularity optimization method at the model inference level is proposed to accommo-
date varying task complexities. Additionally, a layered resource allocation system 
is established to manage heterogeneous resources hierarchically. Concurrently, a 
dynamic load-sensitive scheduling decision model and a multi-level request priority 
sorting mechanism are developed to enable real-time resource scheduling and dy-
namic migration support. The results demonstrate a significant reduction in perfor-
mance bottlenecks associated with parallel computing for large models under high 
concurrency, thereby enhancing the overall throughput and stability of industrial 
model applications. 
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With the increasing use of large language models in intelligent customer service, content creation, and intelligent 
consulting, online service systems have experienced a sudden increase in the number of user requests and concurrent 
access pressures. The large language models have a large number of parameters, a complicated network structure, 
and high computational cost, and the traditional single-machine inference methods can no longer satisfy the low-
latency and high-throughput service needs of the massive concurrent tasks. Parallel computing is now the main 
approach to support the online deployment of large-scale models, but most of the existing parallel computing 
schemes are intended for off-line training situations or low-concurrency inference tasks. In high-concurrency real-
time service environments, the irregular arrival rate of requests, the different difficulty levels of tasks, and the var-
iable computing load result in frequent inconsistency between the parallel architectures and the actual service re-
quirements. A fixed parallel degree and a rigid allocation of resources easily lead to local resource congestion and 
a decrease in overall computing efficiency. It is necessary to make targeted optimizations on the parallel computing 
and runtime scheduling mechanisms to adapt to the dynamic operating characteristics of the large language models 
in high concurrency. 
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1. Analysis of Performance Bottlenecks in Large Language Model Parallel Computing Under 
High Concurrency 

1.1 Analysis of Model Inference Load Characteristics Under High Concurrency Requests 

Large language model inference operations encounter special and changeable loads in high-concurrency situations. 
User requests occur randomly and in bursts in time, leading to an imbalance in the fluctuation pattern of the model 
inference load in real-time service. The input sequence lengths and task complexities of different user inference 
tasks are unequal, and short-text fast inference tasks and long-text complicated generation tasks are carried out 
alternately, causing an uneven distribution of computational costs in the model’s network layers. The token gener-
ation process of large language models follows an autoregressive iterative strategy, which results in each inference 
task occupying computing resources periodically and continuously occupying the computing nodes. A great number 
of concurrent tasks will cause repeated computations and frequent memory reads and writes, and the batch pro-
cessing of heterogeneous tasks aggravates the difference in the load among the computing nodes [1]. Such unusual 
load characteristics under high concurrency disrupt the stable operation state of traditional parallel inference and 
provide conditions for various performance bottlenecks in model parallel computation. 

1.2 Adaptability Defects of Existing Parallel Computing Schemes 

Currently, the general methods of parallel computing for large language models have some shortcomings in han-
dling high-concurrency inference situations. Most of the current tensor parallelism and pipeline parallelism ap-
proaches are designed for stable off-line training loads and fixed task divisions, which can not meet the requirements 
of variable concurrent loads. The traditional parallel structures use static resource allocation strategies, unable to 
change the task division rules according to the variations of real-time task complexities and request volumes, so 
there are idle resources in the lightly loaded nodes and overloading problems in the heavily loaded nodes. One kind 
of parallel computing mode is not capable of balancing the efficiency for short tasks with quick inference and long 
stable calculations, and a too fine division of parallel levels will increase the communication overhead while a too 
coarse level will result in poor resource utilization. Moreover, the existing parallel schemes do not provide different 
processing procedures for various concurrent requests, and uniform computing scheduling rules result in low overall 
throughput and extended inference time in the high-concurrency service state [2]. 

2. Optimization Strategies for Large Language Model Parallel Computing Oriented to High 
Concurrency 

2.1 Multi-dimensional Hybrid Parallel Computing Architecture Design 

A multi-dimensional hybrid parallel computing system is developed to overcome the single structural problem of 
the traditional parallel methods in high-concurrency situations. It combines tensor parallelism, pipeline parallelism, 
and data parallelism techniques to construct a three-dimensional cooperative parallel computation platform that 
covers the model layer, task layer, and data layer. In this system, tensor parallelism is used to achieve the fine 
division of the internal parameters and calculation procedures of the model, thereby speeding up the single-task 
inference [3]. Pipeline parallelism divides the model inference process into several consecutive execution phases to 
accomplish the overlapped operations of different inference tasks and enhance the continuous computational ability 
of the nodes. Data parallelism processes a large number of concurrent requests by batch partitioning, thus increasing 
the maximum number of concurrently handled tasks. The hybrid architecture has an adaptive switching rule for 
different parallel modes, which can match the appropriate parallel structures according to the real-time load changes 
and effectively decrease the communication burden and resource loss caused by using only one parallel mode in 
high-concurrency operations. 

2.2 Adaptive Optimization Method of Model Layer Inference Parallel Granularity 

An adaptive optimization method for model layer inference parallel granularity is proposed to deal with the effi-
ciency discrepancy caused by the fixed parallel granularity in high-concurrency situations. This method establishes 
an evaluation system based on the task sequence length, computing power of nodes, and real-time concurrent vol-
ume, which can dynamically determine the matching degree between the current parallel granularity and the task 
load status. For short-sequence simple inference tasks, the method adjusts the parallel segmentation granularity 
appropriately to prevent the excessive consumption of communication resources due to fine-grained segmentation 
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and enhance the response speed of the tasks. For long-sequence complex generation tasks, the method improves the 
parallel granularity of the model network layers to make full use of the multiple computing resources of different 
nodes and decrease the inference delay of one task. In addition, a real-time adjustment threshold for granularity 
change is set, which can automatically modify the parallel segmentation rules according to the trend of load fluctu-
ations and ensure the stability and high efficiency of model inference in dynamic high-concurrency conditions [4]. 

2.3 Hierarchical Parallel Allocation Mechanism of Computing Resources 

A hierarchical parallel allocation scheme is established to achieve precise and efficient scheduling of heterogeneous 
computing resources in high-concurrency parallel computing. The resources are divided into high-speed GPU re-
sources, general computing resources, and memory cache resources according to their computing ability, response 
time, and attribute characteristics, and a hierarchical resource management structure is built according to different 
types of inference tasks. The tasks with higher priority, such as complex computing tasks, are assigned to the high-
speed GPU resources to guarantee the stable and effective execution of heavy inference operations. The simple and 
lightweight concurrent tasks are allocated to the general computing resources in order to make full use of the idle 
basic resources. The memory cache resources are arranged hierarchically for repetitive inference tasks to decrease 
repeated calculations and memory read-write consumption. Each resource level has its own exclusive occupation 
limits and dynamic allocation rules formulated, which prevent resource preemption and congestion in high concur-
rency and improve the overall utilisation of the computing resources in the cluster [5]. 

3. Design of Large Model Runtime Scheduling Mechanism Adapted to High Concurrency 

3.1 Construction of Dynamic Load-Aware Scheduling Decision Model 

A dynamic load-aware scheduling decision model is developed to offer reliable assistance for real-time scheduling 
of large-scale high-concurrency parallel computation. It considers the computing load of each node, the length of 
the task queue, the resource occupation rate, and the task inference delay as main characteristics and constructs a 
multi-dimensional load state assessment system. The real-time monitoring and data acquisition of each index are 
accomplished by using the cluster node sensing modules, and the load states are classified based on the ranges of 
the indicator thresholds to express the congested degree and available capacity of each computing node. The model 
incorporates a load forecasting algorithm to predict the short-term variation trend of concurrent requests and node 
load, and establishes specific scheduling decision rules according to different load conditions. This model can au-
tomatically detect the uneven load distribution in parallel computation clusters and supply a solid foundation for the 
later task relocation and resource allocation, thus maintaining the real-time adaptability of the scheduling decisions 
to the high-concurrency dynamic variations [6]. 

3.2 Multi-priority Concurrent Request Scheduling and Sorting Mechanism 

A multi-stage priority allocation and sorting scheme is suggested to solve the problem of unsuitable task execution 
sequence in high-concurrency request groups. It sets up several priority assessment indices such as the service 
standard of a task, its difficulty, and the arrival time of the request, and constructs a complete priority scoring model 
for concurrent requests. Tasks with severe real-time service requirements and significant business jobs are assigned 
larger priority coefficients in order to ensure their preferred scheduling and execution and reduce the business re-
sponse time. Simple and light tasks are arranged in a systematic manner according to their arrival orders to avoid 
the accumulation and congestion of tasks. A method to prevent task starvation is also included to dynamically adjust 
the priority coefficients of those low-priority tasks that stay for a long time, thereby avoiding the persistent blocking 
of low-priority tasks in high-concurrency scheduling. This sorting approach can carry out differentiated and orderly 
scheduling for a great number of heterogeneous concurrent requests and improve the overall service quality of the 
model inference [7]. 

3.3 Real-time Scheduling and Dynamic Migration Strategy of Computing Resources 

A real-time scheduling and dynamic migration strategy for computing resources is developed to achieve the dy-
namic balancing of cluster load in high-concurrency parallel computing. This strategy depends on a load-aware 
decision model to detect the real-time load difference among the computing nodes of the cluster and performs re-
source scheduling and task migration when the load imbalance of a node exceeds the predetermined threshold. For 
the overloaded nodes with a large number of tasks, the strategy transfers some low-priority waiting tasks to the idle 
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nodes with light loads to quickly alleviate the congestion of the node and decrease the delay of the task queue. For 
the idle resources in the cluster, the strategy carries out real-time resource gathering and dynamic allocation to meet 
sudden peak demands. Safe migration rules for the inference tasks are also formulated to prevent interruption and 
data loss during the migration process, and a scheduling cycle adjustment mechanism is set up to improve the real-
time resource allocation efficiency. This strategy can effectively solve the load imbalance problem in parallel com-
puting clusters and guarantee the stable and efficient operation of the high-concurrency inference service for large 
models [8]. 

4. Conclusion 

This paper carries out a thorough investigation of the performance limitations and optimization techniques of large 
language model parallel computation in high-concurrency service situations. It examines the special processing 
demands of model inference under a great number of concurrent accesses and describes the shortcomings of the 
existing parallel computing schemes in handling high-speed varying services. A multi-aspect hybrid parallel com-
puting structure and an adaptive granular adjustment strategy are proposed to overcome the restrictions of single-
mode parallelism and uniform granular scheduling, and a hierarchical resource distribution scheme is established to 
enhance the heterogenetic computing resource utilization. A comprehensive runtime scheduling system, which in-
cludes a load-sensitive decision-making model, multi-level priority request arrangement, and dynamic resource re-
location, is developed to achieve intelligent management of high-concurrency concurrent tasks. The presented op-
timization approaches efficiently resolve the main issues such as uneven load allocation, low resource efficiency, 
and inadequate scheduling flexibility in large language model parallel computation, and offer technical assistance 
for the reliable and efficient deployment of large language models in high-concurrency environments. 
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