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Abstract  

The paper presents the results of a research on the impact of different CPU time 

quantum values on the behavior of a heterogeneous computing cluster. Two cluster 

configurations are considered: (1) a control node running the Windows operating system with 

compute nodes running Linux, and (2) a control node running Linux with compute nodes 

running Windows.  

It is shown that inconsistency in task scheduling parameters leads to increased latency, 

response time instability, and performance degradation during parallel data processing.  

 

Keywords։ CPU time quantum, heterogeneous cluster, interaction model, cluster node, 

p95, p99, CFS. 

  

Introduction  

Modern computing systems increasingly employ hybrid architectures in which master 

nodes and compute nodes operate under different operating systems (OS) [1]. This 

heterogeneity arises from the need to integrate infrastructure components, utilize specialized 

solutions, and ensure cross-platform compatibility. To effectively distribute computational 

workloads and align task scheduling policies within such diverse hardware and software 

environments, a deep adaptation of task schedulers to the specific characteristics of each 

operating system is required. This challenge becomes particularly critical in computing 

clusters used for processing large volumes of data during the training of machine learning 

models.  

One of Central Processing Unit (CPU) time quanta
1
 between nodes. This issue has been 

addressed in various studies, though each comes with certain limitations [2-7]. In particular, 

                                                           
1
 The CPU time quantum is the minimum time slice during which a process is allowed to execute on the CPU 

before the scheduler decides whether to switch control to another process. 
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research [6-7] analyzed the behavior of homogeneous computing clusters running either 

Windows or Linux while varying the CPU time quantum values. A special focus should be 

placed on the measurement of p95
2
 and p99

3
 metrics in heterogeneous clusters. Since these 

clusters are built on diverse hardware and software platforms, determining effective p95 and 

p99 values becomes a relevant task for more accurate cluster configuration. This research 

examines changes in cluster performance in mixed configurations - where the master node 

runs Windows and compute nodes run Linux, and vice versa - and measures various 

performance metrics, including p95 and p99.  

The novelty of this research lies in identifying optimal values for the p95 and p99 

metrics in a heterogeneous cluster during neural network training. 

Conflict Setting 

It is necessary to determine the optimal p95 and p99 values for a heterogeneous cluster 

during the training of a convolutional neural network. 

  Boundary condition 

 At the current stage, only one neural network was trained. 

 All computations were performed exclusively on the CPU. 

 The heterogeneity of the cluster was defined solely by the software layer, as the hardware 

components of the cluster were built using nodes
4
 with identical specifications. 

Experimental procedures 

   For the research, a heterogeneous cluster consisting of 12+1 nodes was deployed with 

the following configuration: 

 1 master node based on either Ubuntu 22.04 or Windows Server 2022 [12]. 

 12 compute nodes running either Windows or Linux accordingly. 

 The cluster was configured using a Storage Area Network (SAN) architecture [13]. 

The computers are connected via two network interfaces, forming two local networks -

for control and data transfer. The research was conducted under conditions of maximum 

asymmetry in CPU time quantum: 

 

Option I 

 master node based on a Windows Server 2022 OS.  CPU time quantum set to 120 ms, 

 compute nodes based on a Linux OS with enable CFS (Completely Fair Scheduler). 

CPU time quantum set to 10 ms. 

 

Option II 

 master node based on a Linux OS with enable CFS. CPU time quantum set to 10 ms, 

 compute nodes based on a Windows Server 2022 OS.  CPU time quantum set to 120 

ms. 

                                                           
2
 The p95 metric value (response time) represents the threshold below which 95% of all measurements fall. It 

indicates the upper bound of typical system behavior and is useful for evaluating latency and stability. 
3
 The p99 metric value represents the threshold below which 99% of all measurements fall. This indicator 

reflects extreme latency and is used to assess system reliability under peak loads [8-11]. 
4
 Single computer (node) parameters: CPU-i9, RAM 32Gb 



INFORMATION AND COMMUNICATION TECHNOLOGIES 

Bulletin Of High Technology N 3 (39) 2026.-pp.97-102.     

T.V. Jamgharyan 

RESEARCH OF A MODEL COMPUTATION  

SYNCHRONIZATION IN A HETEROGENEOUS CLUSTER 

 

99 

This setup allowed simulation of the worst-case scheduling scenario, where the master 

node significantly lags behind in event processing compared to the compute nodes, leading to 

queues, deadlocks, and increased response times.  

The following measurements were conducted during the research: 

 Average and maximum process execution quantum - using built-in OS profiling tools 

(Linux: perf sched, cat /proc/sched_debug [14]. Windows: Performance Monitor and 

PowerShell commands Get-ScheduledTask, Get-Counter) [15]. 

 Average task response time - calculated as the average duration of jobs sent from the 

master node, including initialization, queuing, and completion times. Measurements were 

performed using time, systemd-analyze, and Python scripts with the time module (Linux), 

as well as PowerShell scripts (Windows). 

 p95 and p99 values - calculated using Python scripts with numpy.percentile. 

The accuracy of the neural network outputs was verified by comparing them with 

known reference outputs from a pre-trained neural network studied in [16] (reference 

network). TensorFlow [17] was used as the machine learning framework. 

Research Results  

The research results for different CPU time quantum values are presented in Tab.1. 

Graphs illustrating the relationship between computation latency and the length of the CPU 

time quantum, as well as the p95 and p99 parameters, are shown in Fig. 1–3. The average 

execution time by task type is presented in Fig. 4. 

 
 

When managing Linux nodes with a Windows master node, spikes in p99 latency are 

observed, while stable p95 values indicate overall system resilience. In the opposite 

configuration (Linux master node, Windows compute nodes), the p95 value shows greater  

          The p95 metric is more representative for assessing user experience and production 

readiness of heterogeneous computing environments compared to simple averages. On Linux 

nodes, the CFS scheduler demonstrates high resilience to overload by smoothly redistributing 

time quanta among tasks. In Windows nodes, high load can cause performance degradation, 

especially with fixed time quanta that do not adapt to task behavior. 
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Table 1 

Cluster Parameter Values for Different Configurations 

Metric Windows → Linux Linux → Windows 

Average execution quantum (ms) 7.3 12.1 

Average task start latency (ms) 18.6 26.7 

p95  24.1 39.5 

p99 17.3 28.4 

Percentage of threads that switched prematurely 12% 28% 

 
 

The optimal p95 and p99 values are achieved with a Linux master node in a 

heterogeneous cluster. 

 

Conclusion 

The configuration with a Linux master node and Windows compute nodes demonstrates 

more stable behavior on the nodes, especially under peak loads. Differences in system time 

and timing mechanisms can cause drift in task distribution; therefore, it is recommended to set 

the system time to Coordinated Universal Time (UTC) during initial setup. 

It is also important to note the limited flexibility in configuring the CPU time quantum 

on Windows nodes: even with administrator access, it is not possible to achieve the level of 

configuration precision comparable to Linux. When designing heterogeneous systems, it is 

recommended to use Linux as the master server, especially when flexible coordination and 

monitoring are required, and to limit Windows nodes to tasks with predictable workloads.  

The results obtained can be used to develop cross-platform task scheduling tools 

optimized for the conditions of heterogeneous computing infrastructures. 
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ИССЛЕДОВАНИЕ МОДЕЛИ СИНХРОНИЗАЦИИ 

ВЫЧИСЛЕНИЙ В ГЕТЕРОГЕННОМ КЛАСТЕРЕ  

Джамгарян Т. В. 

Национальный политехнический университет Армении 

 

В статье представлены результаты исследования влияние разных значений кванта 

процессорного времени на поведение гетерогенного вычислительного кластера. 

Рассмотрены две конфигурации вычислительного кластера: (1) управляющая нода на 

базе операционной системы Windows вычислительные ноды под управлением Linux, 

(2) управляющая нода на базе операционной системы Linux вычислительные ноды под 

управлением Windows. 

 Показано, что несогласованность параметров планирования задач приводит к 

росту латентности, нестабильности времени отклика и деградации производительности 

при параллельной обработке данных.  

Ключевые слова: квант процессорного времени, гетерогенный кластер, модель 

взаимодействия, нода кластера, p95, p99, CFS. 
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