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Over the last decade, offensive cyber operations have evolved from intelligence-oriented
campaigns toward destructive attacks targeting the availability and integrity of critical data
and digital infrastructures. Among these threats, wiper malware has emerged as one of the
most destructive cyber weapons due to its capability to permanently erase or corrupt
information and disrupt organizational operations. This review paper aims to provide a
comprehensive technical analysis of the design, implementation, and evolution of wiper
malware by examining more than twenty documented real-world incidents, including
Shamoon, NotPetya, WhisperGate, and AcidRain. Based on this analysis, a unified
framework is proposed to classify data destruction techniques into three categories: physical-
level destruction through storage controller commands such as ATA Secure Erase, block-
level overwriting using fixed or random patterns, and logical-level corruption of metadata,
partition tables, and file system structures. The study further analyzes the common
architecture of modern wiper malware, including persistence mechanisms, command-and-
control strategies, self-propagation techniques, parallel destruction modules, and anti-
forensic capabilities. Comparative analysis demonstrates the gradual evolution of wiper
malware from simple disk destruction toward sophisticated attacks targeting cloud
infrastructures, virtualization platforms, and distributed storage environments. The review
also identifies major technical challenges associated with forensic recovery, snapshot-based
backup systems, and replicated cloud storage. As a practical contribution, the paper proposes
a multilayer defensive framework based on Data Immutability, Write Once Read Many
(WORM) hardware technologies, offline backup architectures, and kernel-level 1/0 anomaly
detection to improve cyber resilience against destructive attacks. Overall, the findings
highlight current technological trends, identify existing research gaps, and provide practical
recommendations for developing more resilient storage architectures and effective protection
mechanisms against future generations of destructive cyber threats.
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