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Abstract 
Current server memory fault diagnosis suffers from low efficiency, insufficient location 
accuracy, and high misclassification rate, making it difficult to meet the high reliability 
requirements of high-density computing and big data processing scenarios. This paper 
sorts out the core types and inducing factors of server memory faults, constructs a multi-
dimensional fault analysis index system, embeds a table corresponding to fault 
characteristics and location methods, and explores the precise fault analysis process and 
key points of location technology, providing theoretical reference and practical guidance 
for improving the efficiency and accuracy of server memory fault diagnosis and reducing 
operational risks. 
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1. Introduction 

Server memory operates under high-frequency read/write and high-load conditions for extended 
periods, making it susceptible to factors such as unstable voltage, abnormal temperature, hardware 
aging, and compatibility issues, leading to various faults. Under the requirement of uninterrupted core 
business operations, how to achieve precise analysis and rapid location of server memory faults has 
become a critical issue that urgently needs to be addressed in the field of operation and maintenance 
management. Therefore, this paper focuses on the precise analysis and localization of server memory 
failures, summarizing the characteristics of these failures, optimizing the troubleshooting process, 
and providing support for improving operational and maintenance capabilities. 

2. Core Types and Triggering Factors of Server Memory Failures 

2.1 Core Failure Types and Characteristics 

Based on their manifestations and impact, server memory failures can be divided into several core 
categories. Each category has significant characteristics and differs in its impact on system operation. 
First, there are physical damage failures, specifically manifested as burned-out memory chips, 
oxidation of gold fingers, solder joint cracking, and PCB board damage [1]. These failures directly 
cause the server to fail to boot, repeatedly report hardware exceptions during self-check, or frequently 
experience blue screen errors. Such failures are absolute and irreversible, requiring hardware 
replacement to resolve. 

Second, there are logical error failures, mostly presenting as data read/write errors, checksum 
mismatches, abnormal address mappings, and intermittent data verification failures. These failures 
easily lead to application crashes and data calculation errors. Compared with physical damage faults, 
logical error faults are more concealed and intermittent, and in some cases they can be temporarily 
alleviated by restarting the server or adjusting parameters. However, if the root cause is not eliminated 
in time, the same problem may recur under high-concurrency or long-duration load conditions. 
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In addition to the above two common categories, compatibility faults and hidden decay faults should 
also be taken seriously in practical operation and maintenance. Compatibility faults usually occur 
when the memory module specifications, motherboard design, CPU memory controller, and BIOS 
configuration are not fully matched, or when modules of different batches and parameters are mixed. 
Their typical manifestations include unstable startup, abnormal frequency reduction, inability to 
complete self-check smoothly, and unexpected downtime under high load. Hidden decay faults are 
more concealed and are mainly related to long-term aging, thermal stress accumulation, and gradual 
degradation of electrical characteristics. Their external manifestations are often decreased read/write 
speed, occasional data latency, and slow growth of abnormal events without obvious fixed error codes. 
In actual scenarios, different fault types may overlap or transform into one another. Therefore, fault 
classification should be based on comprehensive judgment of startup behavior, error characteristics, 
and operating performance rather than a single symptom.  

2.2 Analysis of Major Inducing Factors  

The causes of server memory failures are complex and diverse, but can be summarized into several 
key elements. The interaction of these elements can increase the probability of failure. There are 
hardware-related factors, such as minor defects in memory chips, wear on the gold fingers, fatigue of 
solder joints, and aging of the PCB circuitry [2]. These hardware problems are the main causes of 
physical damage and latent performance degradation, especially when the server operates under high 
load for extended periods, which accelerates hardware aging. 

There are environmental factors, such as excessively high server room temperature, abnormal 
humidity, voltage fluctuations, excessive dust accumulation, and poor ventilation conditions. These 
environmental problems can affect the heat dissipation of the memory and the stability of the power 
supply, leading to read/write errors and performance degradation. In high-temperature environments, 
the probability of failure increases by more than 60% compared to normal-temperature environments. 
If dust accumulation or poor contact occurs at the same time, the server may also show more frequent 
intermittent faults and random restarts. 

Software configuration factors, such as unreasonable BIOS parameter settings, errors in memory 
frequency and timing adaptation, inconsistent voltage training results, and driver or firmware 
compatibility issues, can easily lead to logical errors and compatibility failures. Such problems are 
especially likely to occur after hardware expansion, firmware upgrade, or mixed deployment of 
memory modules with different specifications. Under these conditions, even when the hardware itself 
has no obvious physical damage, the system may still exhibit instability because the configuration 
does not match the operating characteristics of the memory subsystem. 

It should also be noted that the above inducing factors rarely act alone. In most practical scenarios, 
server memory faults are the result of the superposition of hardware basis, environmental stress, and 
configuration triggers. For example, a memory module with slight aging may remain stable at normal 
temperature, but intermittent read/write errors may appear rapidly after high ambient temperature and 
aggressive timing settings are superimposed. Therefore, fault cause analysis should combine the 
running environment, service load characteristics, and recent change history, so as to identify the 
primary trigger more accurately and avoid one-sided judgment. 

3. Server Memory Fault Accurate Analysis and Location Technology System 

3.1 Fault Analysis Indicators and Feature Recognition 

Accurate analysis of server memory faults relies on a multi-dimensional indicator system combined 
with fault characteristics. The core indicators include three categories: hardware performance, 
operating status, and log data. Hardware performance indicators include memory read/write speed, 
access latency, error rate, and voltage stability. Relevant data is collected using professional testing 
tools and compared with standard thresholds or historical baselines to determine whether there are 



International Core Journal of Engineering Volume 12 Issue 3, 2026
ISSN: 2414-1895 DOI: 10.6919/ICJE.202603_12(3).0024

 

215 

potential faults [3]. When the measured data continuously deviates from the normal range, the 
probability of hidden faults or gradual degradation usually increases. 

Operating status indicators cover memory load rate, temperature, usage rate, and stability under 
different business loads. Monitoring abnormal fluctuations in these indicators can provide early 
warning of hidden faults and help determine whether the fault is related to service pressure, ambient 
temperature, or long-duration operation. Log data indicators include system error logs, BIOS logs, 
and application logs. Extracting memory-related error codes, abnormal event timestamps, and 
recurring warning information from these logs can assist in fault location and clarify the 
correspondence between fault occurrence and operating conditions. 

 

Table 1. Fault Characteristics and Adaptive Location Methods 

Fault Type 
Core 

Characteristics 
Typical Error Code 

Adaptive 
Location 
Method 

Average 
Location 

Time 

Location 
Accuracy 

Physical 
Damage Fault 

Unable to boot, 
frequent blue 
screens, no 

memory 
recognition 

0x0000001A,0x00000077 

visual 
inspection + 

memory tester 
+ replacement 

method 

25 
minutes 

98% 

Logical Error 
Fault 

Data read/write 
errors, 

application 
crashes, 

intermittent 
downtime 

0x00000050,0x0000008E 

Log analysis 
+ MemTest 

testing + 
parameter 

verification 

40 
minutes 

92% 

Compatibility 
Fault 

Unstable startup, 
high load 
downtime, 
abnormal 
memory 

frequency 

0x0000007B,0x00000012 

Hardware 
adaptation 

verification + 
BIOS 

parameter 
debugging 

55 
minutes 

88% 

Hidden 
Decay Fault 

Decreased 
read/write speed, 
occasional data 

latency, no 
obvious error 

codes 

No fixed error codes, logs 
indicate performance 

degradation 

Long-term 
performance 
monitoring + 
decay curve 

analysis 

70 
minutes 

85% 

 

Feature recognition is the key link between indicator collection and precise location. Physical damage 
faults are often accompanied by failure to boot, inability to recognize memory modules, and persistent 
blue screen errors. Logical error faults are more likely to manifest as intermittent read/write 
abnormalities, abnormal data verification results, and application crashes. Compatibility faults are 
frequently related to unstable startup after expansion or replacement, abnormal frequency adaptation, 
and downtime under specific loads. Hidden decay faults are usually reflected in long-term 
performance decline and sporadic delays rather than fixed error codes. Therefore, cross-validating 
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explicit fault symptoms with operating indicators can effectively reduce the risk of misjudgment. 
Table 1 provides a direct reference for initial fault classification and subsequent tool selection in 
engineering practice. 

3.2 Key Points and Implementation Process of Precise Location Technology 

For precise location of server memory faults, the process of "feature recognition-indicator detection-
technology adaptation-precise location" should be followed to improve troubleshooting accuracy and 
efficiency. The key points include three aspects: multi-tool collaborative detection, layered 
troubleshooting, and integration of hidden-fault early warning with result verification. Memory 
testers, MemTest, and Prime95 can be combined to examine hardware performance, logical errors, 
and stability, thereby overcoming the limitations of single-tool analysis [4]. At the same time, log 
analysis and visual inspection should be used for preliminary fault classification, after which targeted 
methods are selected for different fault types. Physical damage faults focus on appearance inspection 
and replacement verification, logical error faults focus on read/write testing and parameter 
verification, compatibility faults focus on module adaptation and BIOS debugging, and hidden decay 
faults focus on long-term monitoring and trend analysis. In addition, long-term monitoring of 
read/write rate, load, temperature, and performance fluctuation helps establish a decay curve model, 
while replacement testing, parameter rollback, and repeated stress tests help avoid misjudgment. 

The implementation process can be divided into four steps: fault characteristic collection, multi-
dimensional indicator testing, technology adaptation and precise location, and result verification with 
fault handling. First, system error messages, blue screen information, service interruption scenarios, 
recent hardware changes, and operating status should be collected. Then professional tools are used 
to gather hardware and software metrics and compare them with thresholds and historical data to 
identify abnormalities. Next, the fault characteristic table is used to identify the fault type and match 
the corresponding location technology [5]. Finally, replacement testing, parameter adjustment, and 
repeated stress verification are used to confirm the fault point, followed by hardware replacement, 
parameter optimization, or environmental rectification. This closed-loop process improves the 
accuracy, repeatability, and timeliness of fault location. 

4. Summary 

Accurate analysis and localization of server memory faults are critical for ensuring the continuous 
operation of core businesses and reducing data security risks, and are of significant value in improving 
server operation and maintenance management. In view of the characteristics of server memory faults, 
this paper systematically sorts out the core fault types and major inducing factors, and discusses the 
analysis indicators, feature recognition methods, key points of precise location technology, and 
implementation process. These contents provide a clearer basis for fault classification, 
troubleshooting path selection, and engineering practice, and also offer a practical reference for 
improving fault diagnosis efficiency and location accuracy. 

At present, fault localization still faces many challenges, such as the difficulty of detecting hidden 
faults and insufficient adaptation to complex scenarios. With the continuous increase of service load, 
system complexity, and reliability requirements, traditional diagnosis methods based only on single 
indicators or isolated tools can no longer fully meet actual operation and maintenance needs. In the 
future, it is necessary to further improve fault characteristic recognition models, combine artificial 
intelligence, big data, and other technologies to build an intelligent diagnostic system, and gradually 
realize early warning and automated, accurate fault localization. This will provide strong operational 
support for the highly reliable operation of servers and promote the continuous development of digital 
businesses in core areas. 
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