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Abstract—Address Space Layout Randomization (ASLR) is
a key defense mechanism against buffer overflow attacks in
cybersecurity. However, extant research [5][1][2][6] has identified
several limitations, including its static nature, vulnerability to
information leakage, and lack of real-time adaptability. Given
these shortcomings, this research proposal aims to introduce
and rigorously test a novel enhancement to traditional ASLR
systems by employing dynamic re-randomization techniques
combined with optimized flag and canary checking. Drawing
on prior research by Ganz, Evtyushkin, et al., Aristizabal, and
Thompson [5][1][2][6], we hypothesize that this approach will
offer a more robust, adaptive, and computationally efficient
defense mechanism against buffer overflow and related attacks.
This research will employ empirical testing methods to validate
the effectiveness and resilience of the proposed enhancements.
The ultimate goal is to contribute to developing a more secure
and adaptable ASLR system capable of meeting the complex
challenges of modern cybersecurity.
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I. INTRODUCTION

Buffer overflow attacks remain a significant security con-
cern despite the deployment of Address Space Layout Ran-
domization (ASLR) as a countermeasure. While ASLR has
been a groundbreaking step towards enhancing security, vari-
ous studies by respected researchers like Ganz, Evtyushkin,
Aristizabal, and Thompson have exposed vulnerabilities in
its architecture and implementation [1][2][S][6]. Given these
insights, there is a pressing need for a thorough re-evaluation
of existing ASLR methodologies. In this paper, we aspire not
only to dissect the shortcomings of current ASLR techniques
but also to explore potential enhancements. Our approach in-
corporates dynamic re-randomization techniques and advanced
flag and canary checks to strengthen ASLR’s resilience against
evolving cyber threats.

II. BACKGROUND ON ASLR

Introduced as a trailblazing security measure, ASLR pri-
marily focuses on randomizing memory addresses to thwart
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software exploitation, particularly buffer overflow attacks [7].
Despite its revolutionary impact, early iterations of ASLR
were not without challenges, such as compatibility issues and
the depth of randomization [7]. Now a fundamental component
of major operating systems like iOS, Android, and Windows,
ASLR is a bulwark against common buffer overflow exploits
[7]. However, the system does not provide alerts for bypass
attempts [7] or detailed information on successful attacks
[7]. Some researchers have even managed to predict ASLR’s
randomization patterns, identifying potential weak spots [7].

Recent advancements in hardware technology offer promis-
ing avenues for enhancing ASLR’s efficacy [7]. Since its
adoption by Linux in 2005, and subsequently by Windows
and MacOS, ASLR has shown increased effectiveness when
coupled with Position-Independent Executable (PIE) programs
[4]. Although it adds a layer of complexity to software
exploitation, ASLR is not foolproof [4]. Its performance is
notably better on 64-bit systems and can be verified on Linux-
based platforms [4]. When implemented correctly, ASLR
continues to be an indispensable tool for bolstering system
security [4].

III. MOTIVATING EXAMPLE

Consider the case of a leading financial institution that relies
heavily on ASLR as its primary line of defense against cy-
ber threats—an increasingly common scenario given ASLR’s
widespread adoption and trust. While this reliance may seem
justified, Thompson’s research reveals a significant flaw: by
merely determining the base address of a Dynamic Link Li-
brary (DLL) in one process, attackers could potentially predict
its location in another process [6]. This opens up subtle yet
profound vulnerabilities in ASLR’s current implementation.
One potential mitigation strategy could be the use of re-
randomization techniques, which would make it considerably
more challenging for attackers to exploit the static nature of
these addresses.

Adding to these concerns, Aristizabal and colleagues have
warned about the biases in ASLR, paving the way for more
sophisticated buffer overflow attacks [2]. Such findings are
corroborated by empirical data from researchers like Ganz,
Evtyushkin, et al., emphasizing the urgency of an overhaul
in ASLR’s framework [5][1][6]. These real-world scenarios



underline the critical need to revisit and reinforce our existing
buffer overflow defense mechanisms. Our trust, it appears, is
vested in a system that, while robust in many aspects, still
harbors inherent flaws.

IV. DETAILED UNDERSTANDING OF BUFFER OVERFLOW

Historically, buffer overflow attacks have been a significant
threat to systems and networks, with instances like the 1988 In-
ternet Worm crippling nearly 6,000 computers and laying bare
the devastating consequences of inadequate security measures.
Such incidents not only lead to massive financial losses but
also tarnish reputations and may result in legal consequences.
Buffer overflow is a specific type of software vulnerability that
occurs when an application writes data beyond the bounds of
pre-allocated buffer memory, causing corruption in adjacent
memory spaces [3].

Attackers exploit this vulnerability by altering the appli-
cation’s control flow or using advanced coding techniques,
leading to various negative outcomes, such as system failures
and unauthorized access [3]. Languages like C and C++ are
particularly susceptible to buffer overflow attacks due to their
lack of built-in protections, unlike languages like JavaScript
and Perl, which offer more resilient safeguards [3]. To mitigate
these risks, developers must implement additional security
mechanisms, opt for languages with inherent safeguards, and
continually review their code for vulnerabilities. Modern op-
erating systems also provide layers of defense, such as ASLR
and data execution prevention, to counteract buffer overflow
vulnerabilities [3]. Instances of these vulnerabilities can fre-
quently be found in poorly regulated data inputs and complex
coding structures, as demonstrated by flaws in 1ibPNG image
decoders [3].

V. INHERENT VULNERABILITIES OF TRADITIONAL ASLR
AND PRESENT SHORTCOMINGS

Experts have critically examined the vulnerabilities of
ASLR in the field. Thompson’s seminal work highlights the
aggressive reuse of randomized base addresses in Windows’
ASLR implementation, a strategy that, while efficient, opens
doors for persistent attackers [6]. Ganz’s critique furthers this
discourse by questioning the efficacy of ASLR in modern com-
puting environments [5]. Adding another layer of complexity,
Evtyushkin et al. expose the feasibility of bypassing ASLR by
taking advantage of hardware-related vulnerabilities [1]. The
research from Aristizabal, combined with these findings, am-
plifies the existing challenges ASLR faces [2]. These critiques
converge on the pressing need for fundamentally rethinking the
ASLR framework.

Methods to circumvent ASLR can be categorized as follows:
exploiting address leaks, manipulating data relative to specific
addresses, leveraging weak implementations that facilitate ad-
dress guessing, especially when entropy is low, and exploiting
hardware operation side channels [4].

ASLR also harbors intrinsic limitations that warrant atten-
tion:

Static Nature: Once memory addresses are randomized,
they remain static, rendering them susceptible to information
leakage or brute-force attacks.

Lack of Real-Time Adaptivity: ASLR lacks dynamic re-
randomization capabilities, making the system vulnerable if
any portion of the address space becomes known.

Performance Overhead: While increased randomization
enhances security, it also incurs computational costs that could
impact system performance.

VI. DEEP DIVE INTO MEMORY RANDOMIZATION BIASES

Thompson’s detailed investigation into Windows ASLR
provides a nuanced assessment of its strengths and weaknesses
[6]. While ASLR is an invaluable security measure, its de-
ployment on various platforms, notably Windows, showcases
vulnerabilities. The system’s layers—heap, stack, executable
base, library, and mmap randomization—each introduce biases
and potential vulnerabilities. Inadequate entropy, initialization
patterns, and predictable offsets are some of the biases that
diminish the robustness of memory randomization [2]. These
layers are critical to understanding because each represents a
potential entry point for attackers. For example, insufficient
entropy in heap randomization or consistent initialization
patterns in stack randomization could significantly reduce the
effectiveness of ASLR. Additionally, hardware-level exploits
and implementation flaws could further compromise the sys-
tem, emphasizing the need for a comprehensive understanding
of these layers and their associated biases for any ASLR
deployment.

VII. REVAMPING ASLR: PROPOSITION AND PROPOSED
INNOVATIONS

Addressing ASLR’s limitations calls for a system that is
not only adaptive but also efficient and resilient. It must
be capable of dynamically responding to new threats while
minimizing computational overhead. Our proposed solution
seeks to address the shortcomings of traditional ASLR by
incorporating dynamic re-randomization. This involves using
canaries or flags to monitor unauthorized memory modifica-
tions, triggering real-time adjustments to the address space.
To further enhance efficiency, the solution adopts optimized
checking methods and batch processing techniques.

We hypothesize that our enhanced ASLR system, featuring
dynamic re-randomization and optimized flag and canary
checking methods, will present a more robust and adaptable
defense against buffer overflow attacks. By dynamically ad-
justing to real-time threats, this system narrows the window
of opportunity for would-be attackers. Moreover, the use of
optimized checking mechanisms and batch processing aims to
reduce the computational overhead typically associated with
extensive randomization.

VIII. PROPOSED SOLUTION AND RESEARCH
METHODOLOGY

Our research aims to fortify the existing ASLR framework
by incorporating dynamic re-randomization and optimized flag



and canary checking mechanisms. The primary focus will be
an exhaustive theoretical analysis of current ASLR implemen-
tations, guided by existing literature and expert critiques. Fol-
lowing this, a simplified prototype will be developed that em-
ploys flags and canaries to trigger dynamic re-randomization
of memory addresses upon unauthorized alterations. The intent
is to explore the feasibility and efficacy of real-time adjust-
ments in the address space. While optimizing flag and canary-
checking algorithms to minimize computational overhead is
a parallel objective, the emphasis will remain on achieving a
theoretical understanding of the trade-offs between security
and performance. Given the scope of this study, extensive
empirical testing may be limited, but the research aims to lay
a foundation for future empirical evaluations. This approach
strives to advance our understanding of how an ASLR system
can be more resilient to contemporary cyber threats and
potentially more efficient.

IX. CONCLUSION AND FUTURE WORK

ASLR stands out for its simplicity and effectiveness com-
pared to other defense mechanisms. However, the limitations
identified in the current framework have fueled discussions
about whether to fortify it or to explore alternative solutions.
While ASLR offers robust security features, it’s essential
to address challenges like varying platform implementations,
computational overhead, and resistance from legacy systems.
Although integrating artificial intelligence presents promising
advancements, it also raises the specter of Al-driven cyber-
attacks, highlighting the need for balanced strategies. Re-
searchers such as Ganz, Evtyushkin, et al., Aristizabal, and
Thompson have shed light on these complexities, setting the
stage for innovative improvements [S][1][2][6].

Our work takes a step in this direction by strengthening
ASLR with dynamic re-randomization and optimized flag
and canary checking. Future research could involve empirical
testing of this fortified ASLR framework to validate its real-
world efficacy and efficiency.
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