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ABSTRACT 

Storage architectures driven by snapshots have become cornerstone elements in contemporary data 

management, allowing fast backups, recovery at any given time, and clones of the data that take up very little 

space. Snapshots and clones bring enormous flexibility to operations, but, at the same time, they create complex 

clone lineage chains hierarchical relationships between snapshots, clones, and their parent volumes which most 

of the time are invisible to the system administrators. Hidden chains in this way, if left unattended, can 

continue to accumulate and thus result in technical debt, which can be interpreted as performance degradation, 

increased storage overhead, and operational risks during recovery or migration. In this paper, we delve into 

clone lineage as a form of technical debt in snapshot-driven storage systems and what composes it. Specifically, 

we investigate how clone lineage, operational inefficiencies and technical debt that arise due to long and 

complex clone lineages can be quantified, characterized, and targeted for reduction. We have thoroughly studied 

enterprise-scale storage deployments based on empirical data and we have also simulated operational workloads 

and their impact on lineage evolution in order to better understand it. We invent metrics to ascertain lineage 

complexity, discover trends that can be linked to performance issues, and experiment with methods for lineage 

pruning and reorganization. One of the main revelations that our study brought to light is that uncontrolled 

clone creation can lead to a significant increase in storage usage—levels of up to 35% in the environment that 

we observed, with a very noticeable delay in the time required to restore a snapshot. Besides that, some lineage 

configurations harm the write amplification and deduplication efficiency, thus producing higher overall 

operational costs in the absence of clone management.  
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1. INTRODUCTION 

1.1. Challenges in Snapshot-Driven Storage  

Snapshot-driven storage systems are nowadays a fundamental part of data management at a 

large scale, including enterprise SAN (Storage Area Network), NAS (Network Attached Storage), and 

cloud storage. These systems allow the capturing of snapshots, which are basically point-in-time copies 

of the data that can be used for fast backup, recovery, or testing. Apart from snapshots, most storage 

systems also allow the creation of clones, which are read-write copies based on snapshots, so 

developers and system administrators can duplicate environments without copying the underlying 

data. The benefits are significant: snapshots and clones not only shorten the backup time but also 

through deduplication and copy-on-write, consume less storage; furthermore, by providing near-

instant data replication, these technologies speed up the development and testing processes. 

 

However, storage based on snapshots raises several operational challenges, especially when the 

environment is scaling. One well-known problem is that of clone proliferation—after several 

generations of clones and snapshots have been created, it becomes difficult to actually keep track and 

manage these objects, which leads to clones and snapshots just being littered around without a clear 

purpose. What happens is the storage space gets increasingly fragmented, which in turn makes 

retrieval of data slower, and thus one is faced with quite a difficult situation if he/she wants to 

defragment, back up, or migrate data. Moreover, very deep clone trees could also degrade system 

performance substantially; basically, a single writing operation may end up being amplified by copy-

on-write actions at various levels, thus making the slowdown of programs inevitable, while at the same 

time service-level agreements will be compromised. The issue turns out to be even bigger in the case 

of enterprise or cloud-scale situations because here you might have thousands of snapshots and clones 

scattered around multiple storage tiers and regions. The systems in question here are supposed to 

ensure that whilst provisioning happens swiftly, usage of resources is optimal at the same time but in 

reality, the existing tools hardly ever give you a nice picture of the complex clone domain that is hidden 

from view. Consequently, it is possible that organizations continue to waste money on storage and at 

the same time suffer from performance bottlenecks; thus, the value proposition of snapshot-driven 

architectures gets completely eroded. 

 

1.2. Problem Statement  

Clone lineage is an important idea that is becoming more popular in snapshot-based storage 

systems. It involves the hierarchical relationships between snapshots, clones, and parent volumes. A 

clone gets all the metadata and dependencies from the source snapshot, so a chain or tree of data objects 

is created. These lineages make space-efficient cloning and fast rollbacks possible; however, they also 

bring technical debt into the storage environment. Clone lineage is one of the things that make things 

complicated but not visible: the administrators may have difficulties in dependency tracking, 

discovering redundant copies, or performance-impact anticipation. If left unmonitored, lineages can 

lead to storage bloat, system slowdown, and increased maintenance costs. 

 

Most of the time, current monitoring and management tools just aren't enough. Individually, a 

snapshot or a clone is shown on a storage dashboard, but the complexity of an entire lineage tree is 
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hardly ever displayed. Predicting storage inefficiencies, planning for capacity, or prioritizing cleanup 

operations thus becomes a major challenge. Besides, the influence of lineage on performance, such as 

write amplification or restore latency, is not really clear from an operational perspective. As a result, 

organizations risk incurring unexpected costs or facing operational downtime during recovery events. 

 

The research question then involves two issues: the first is to measure and describe clone 

lineage in snapshot-driven systems, and the second, to evaluate the consequences of clone lineage as 

technical debt, such as its impact on storage efficiency, performance, and maintainability. To solve this 

issue, research methods have to be developed systematically for tracking, analyzing, and managing 

clone lineages so that storage administrators can be well-informed and thus capable of minimizing 

hidden operational liabilities. 

 

1.3. Motivation 

The main reason for investigating clone lineage as a type of technical debt is the fact that it can 

significantly affect cost, performance, and the ability to maintain modern storage systems. Clone 

lineage that is not tracked or clones that are redundant can, from a cost perspective, take up huge 

amounts of storage capacity and this mainly applies to very large enterprises and cloud environments 

where every terabyte is very costly. Actually, small inefficiencies when multiplied across thousands of 

volumes and snapshots lead to a very big total amount of wasted storage space. 

 

From a performance point of view, having very deep and unbalanced lineage trees might slow 

down write operations, backups, and restores, and this could cause service level agreements to be 

broken and business-critical applications to suffer. Operational and regulatory considerations are yet 

another reason why good lineage management is essential. Businesses need to be able to prove to 

auditors that they have adhered to policies for data retention and privacy and that they are capable of 

recovering their data in the event of a disaster. Failure to maintain clone lineage can make it very 

difficult to produce the required documentation when a compliance audit is done, lengthen the time 

that the business is without data after an incident, and add risk e.g. when migrating or upgrading. 

 

The IT department will be burdened more and more with the clone trees growing; the 

administrators will have to spend more of their time and energy tracking down the different 

dependencies, figuring out and resolving the conflicts, and making sure that the environments are 

consistent with each other. On the other hand, current storage management systems frameworks are 

mostly reactive and separated. There does not exist a globally accepted way of systematically 

determining the level of technical debt due to clone lineages or prioritizing the fixes based on factors 

such as cost, risk, or impact on performance. It is the point that is not addressed by these frameworks 

that makes it necessary to carry out research in exploring possible ways of analyzing the complexity of 

clones, showing the relationships of lineage visually, and coming up with management and reduction 

techniques for the technical debt. 
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2. LITERATURE REVIEW 

Snapshot-driven storage architectures offer a wide range of enterprise and cloud data 

management applications, including rapid backup, efficient recovery, and space-efficient data 

replication. In fact, copy-on-write snapshots, incremental backups, and writable clones have helped 

organizations to expand development, testing, analytics, and disaster recovery workflows with little 

initial storage overhead. Nevertheless, these features pose substantial advantages in terms of 

operation, and the current literature is pointing out that snapshots and clones going unchecked lead to 

hidden complexity and inefficiencies that are not properly dealt with by conventional storage 

management systems. 

 

2.1. Snapshot and Clone Technologies in Modern Storage Systems 

Initial studies and vendor documentation about snapshot-based storage systems mostly focus 

on how to optimize performance and save space. Such systems, using Copy-on-write (CoW) snapshot 

technology, only keep track of the changed parts of the data, which means that they can be used to 

create hundreds or even thousands of point-in-time copies with very little physical storage used. 

Writable clones are snapshots that have been given write permission, and they are, therefore, able to 

function as independent copies of the original data without any need for actual duplication of the data. 

These features have been very instrumental in enterprise SAN and NAS storage, virtualized 

environments, and cloud block storage services. 

 

Long snapshot chains and deep clone tree structures have been observed to significantly 

complicate the metadata and make the performance of the storage less predictable. Although 

practitioners often acknowledge these consequences in their guidelines for operational best practices, 

they seldom incorporate the effects into conceptual models, thereby theory and practice remain 

disconnected. 

 

2.2. Performance and Efficiency Implications of Clone Proliferation 

Multiple performance-related articles analyze the impact of snapshots & clones on Input 

Output latency, write amplification & restore operations. Authors show that increased snapshot depth 

may lead to more writing overhead because of repeated copy-on-write steps through various lineage 

layers. At the same time, restore and rollback operations usually involve complex dependency chain 

traversal, which means longer recovery times. Such loss in performance is most noticeable for write-

intensive applications and setups where snapshots are taken frequently. 

 

Clone accumulation is also detrimental to deduplication efficiency. Although deduplication 

mechanisms aim to minimize the unnecessary data blocks, the overlapping clone trees combined with 

changing write patterns eventually wear down the deduplication potential. Studies indicate that 

sibling clones sharing the same parent snapshot generally diverge over time, thus creating a situation 

of partial duplication hardly block-level deduplication engines can solve completely. Nevertheless, the 

majority of the publications consider the issues of performance degradation and storage inefficiency as 

separate instances rather than symptoms of a common systemic problem. 
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2.3. Technical Debt as a Conceptual Lens 

The metaphor of technical debt was first used in software engineering to illustrate scenarios 

when a system gradually becomes more costly to maintain because it was initially built with quick and 

somewhat sloppy decisions. Such decisions, when made repeatedly, generate complicated "hidden" 

layers of the system that require additional maintenance, lead to performance issues, and increase the 

risk of system failure. The latest studies, however, recognize that such debt occurs not only in software 

code but also around software infrastructure, configuration management, and operations. 

 

Using the technology debt analogy for storage systems allows us to understand storage 

snapshot and clone overgrowth problems deeply. Clone lineage creates hidden dependencies that 

administrators do not see at first, but later costs are imposed on storage through increased 

consumption, degradation of the performance, and higher risk of recovery. In contrast to directly 

measured storage consumption, debt caused by lineage develops gradually and remains unnoticed 

until a disruptive event such as migration, failure, or audit reveals it. 

 

2.4. Lineage, Dependency Graphs, and System Complexity 

Research on dependency modeling and lineage analysis has covered several areas like data 

provenance, workflow systems, and biological lineage studies, to name a few. The common thread in 

most of these research works is the caution about complicated structures that hide the true cause and 

thus, make the problem of local failure even more severe. In the case of storage systems, the 

relationships between snapshots and clones can be viewed as directed acyclic graphs, with each node 

depending on its ancestors. Even though their structure is so similar, lineage modeling has not been a 

major focus in storage research so far. 

 

A few investigations have come up with the idea of a visualization tool along with metadata 

analysis to chart out the snapshot relationships and detect the very deep or redundant chains. These 

measures clearly reveal that a visual lineage graph can considerably boost the administrators' 

understanding and their decision-making. Yet, nearly all the present tools are geared towards 

descriptive visualization rather than quantitative evaluation. They lack the provision of metrics that 

would help in assessing the degree of lineage complexity or in prioritizing the work of remediation 

based on the impact on the operation. 

 

2.5. Gaps in Existing Storage Management Approaches 

The literature frequently identifies the reactive nature of snapshot and clone management as a 

theme. Almost every storage platform offers users snapshot expiration, manual cleanup or policy-

based retention mechanisms. However, these features have been designed without considering the 

comprehensive understanding of lineage structure. Hence, system administrators can mistakenly 

remove snapshots that they perceive as unused while such snapshots are the essential ancestors of the 

downstream clones, or they may keep obsolete clones just because they are unsure about the existence 

of their dependencies. 
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Besides, multi-platform scenarios entail more difficulties. Nowadays, business organizations 

run their operations in hybrid infrastructures, where traditional SAN/NAS systems are combined with 

cloud block storage services. The great majority of the existing research focuses on such environments 

separately and thus do not consider how the clone lineage extends across different systems and is 

managed under different administrative domains. Such separation leads to further accumulation of 

technical debt as it hinders the introduction of a uniform governance approach and increases 

dependency on manual control. 

 

Table 1: Literature Review 

Author(s) & 

Year 

Primary Focus Key Contribution Relevance to Clone 

Lineage & Technical 

Debt 

Limitations / Gaps 

Lerina, 

Aversano & 

Nardi (2019) 

Software clones & 

technical debt 

Empirical analysis 

linking code cloning 

to increased technical 

debt 

Establishes conceptual 

foundation for treating 

“clones” as debt-

bearing artifacts 

Focuses on software 

code clones, not 

infrastructure or 

storage systems 

Cino & 

Gabel (2017) 

Technical debt in 

legal systems 

Explores 

consequences of 

systems evolving 

faster than 

governance 

Supports analogy of 

unmanaged growth 

leading to systemic 

debt 

Not technical; 

metaphorical 

relevance only 

Kass (1997) Ethics of human 

cloning 

Philosophical 

framing of cloning 

consequences 

Highlights long-term 

unintended 

consequences of 

cloning 

Not applicable to 

technical systems 

Moraru 

(2001) 

Cultural critique 

of cloning 

Examines replication 

and identity in 

postmodern systems 

Conceptually parallels 

uncontrolled 

replication 

No technical or 

operational insight 

Luo & 

Roeder 

(1995) 

Biological cloning 

mechanisms 

Functional 

dependency analysis 

in cloned biological 

systems 

Abstract parallel to 

dependency 

inheritance in clone 

lineage 

Purely biological; no 

storage relevance 

Tranter 

(2018) 

Law, technology 

& systems 

Systems lag behind 

technological 

complexity 

Supports idea of 

governance lag in 

storage lineage 

Conceptual only 

Infanti (2003) Ethics of tax 

cloning 

Explores duplication 

and systemic 

distortion 

Metaphorical relevance 

to replication debt 

Not technical 

Kümbet 

(2020) 

Posthumanism & 

cloning 

Replication, control, 

and unintended 

outcomes 

High-level conceptual 

relevance 

No infrastructure 

focus 

Pizzulli 

(1973) 

Constitutional 

issues of cloning 

Early discussion on 

replication 

governance 

Demonstrates long-

standing concerns with 

replication 

Not technical 
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Dell’Oro 

(2005) 

Reproductive 

cloning ethics 

Long-term impacts of 

cloning structures 

Conceptual analogy Not applicable to 

storage 

Serlin (2002) Science & cloning 

risks 

Public perception of 

cloning risks 

Highlights risk of 

uncontrolled 

replication 

No technical content 

Rizq (2014) Creativity & 

cloning 

Psychological and 

cultural implications 

Abstract notion of 

duplication vs 

originality 

No operational 

relevance 

Nixon (2017) Lineage 

relationships 

Dependency 

modeling and 

lineage influence 

Strong conceptual 

parallel to clone lineage 

graphs 

Domain is 

neuroscience, not 

storage 

Yoon (2014) Memory & 

cloning 

Persistence and 

lineage of memory 

artifacts 

Conceptually aligns 

with snapshot 

persistence 

No system-level 

metrics 

Foley (2000) Constitutional 

implications of 

cloning 

Governance 

challenges of 

replication 

Reinforces need for 

policy in clone 

management 

Not technical 

 

3. PROPOSED METHODOLOGY 

3.1. Conceptual Framework  

We introduced a conceptual framework to dissect how clones evolve and how their associated 

technical debt accumulates. In particular, it demonstrates the connections between snapshots, clones, 

and original data volumes in a storage system that heavily relies on snapshots. The framework 

characterizes the storage environment as a hierarchical graph with nodes representing data objects, i.e., 

snapshots or clones, and edges depicting dependency relationships. The lineage graph illustrates the 

connection between parent-to-child snapshots/clones in the vertical direction as well as the entire 

snapshot-clone lineage in the horizontal direction that leads to the final volume. 

 

The concept of technical debt was first introduced in software engineering by Cunningham 

(1992) as a metaphor to describe the future cost and performance degradation of shortcuts or poorly 

designed solutions. Recently, academics have also extended this metaphor to storage and 

infrastructure systems. Technical debt in storage manifests itself through hidden dependencies, 

inefficient resource usage, and staff time spent on workarounds due to architectural shortcuts such as 

unpruned snapshots or unmanaged clones (Krishna et al., 2020). Treating clone lineage as technical 

debt thus not only gives one a unified framework for measuring but also a lever for cutting down the 

hidden expenses that indices solely concentrated on performance overlook. 

 

Some papers focus on the flaws of present-day monitoring and management systems. Initially, 

most of the tools/tools fail to give a lineage analysis that is proactive in nature: thus, admins cannot 

predict the growth of clone chains or the impact of their performance. Secondly, only a small number 

of methods integrate the concept of technical debt into the storage plan; hence the management of the 

problem is characterized more by its being a reaction than a prevention. Thirdly, study work has for 

the most part been on performance or cost optimization, with barely any attention given to the wider 
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operational and maintainability aspects. Lastly, there are hardly any cross-platform strategies that can 

be used to track clones in SAN, NAS, and cloud storage businesses. Therefore, being dependent on 

disparate tools and non-uniform policies is the plight of enterprises. 

 

Besides prioritizing interventions, our method integrates a categorization of clones: ephemeral 

versus persistent, and critical versus non-critical depending on their operational importance. A 

discerning move may be to discard ephemeral clones that are made use of for temporary testing only 

without any risks, whereas persistent and/or critical clones are the ones that actually embody the most 

technical debt. This way the combination of lineage mapping, metric computation, and classification 

results in a framework offering an organized approach to the tracking, evaluation, and handling of 

technical debt stemming from clones. 

 

This platform-agnostic methodology can be employed in enterprise SAN/NAS environments 

as well as in cloud storage settings like AWS EBS or Azure Managed Disks. By representing lineage as 

a graph with a finite set of metrics, the framework helps administrators in spotting hidden 

dependencies, assessing operational risk, and deciding on the right course of clone pruning, 

consolidation, or reorganization. 

 

 
Fig 1 - Conceptual Clone Lineage Graph in Snapshot-Driven Storage 

 

3.2. Data Collection & Monitoring  

Successful lineage analysis should be a continuous process of data gathering and close 

monitoring. To describe how we've done it, we take a hybrid approach that reflects both the operational 

side and the structural side of snapshots and clones. A single storage management tool isn't enough; 

instead, we rely on vendor dashboards and APIs (for example NetApp ONTAP API, VMware vSphere 

API, AWS EBS snapshots API) which provide storage metadata such as creation time, parent-child 

relationship, volume sizes, and clone playground. Besides that, system logs and audit trails serve as a 

source of complementary information about usage, deletion, and access frequency which can be used 

for distinguishing between short-lived and long-lived clones. 
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One of the crucial factors to consider is how often and how detailed your metrics data collected 

is going to be. The idea was to use a mixture of approaches by which we could monitor continuously 

or almost continuously the most critical and highly-loaded volumes and workloads in order to be able 

to identify short-lived clones and the highest peak in the activity of all volumes, and on the other hand, 

periodically collecting data from long-term storage volumes which usually experience a lower rate of 

change. Hence, here the goal is to strike a perfect balance between the data completeness and the 

overhead of the system. When it comes to cloud storage, metadata tables snapshots taken periodically 

will do just fine for lineage reconstruction without the necessity to continuously poll APIs, whereas on-

premises environments make use of event-driven hooks, and scheduled scripts to capture changes. 

 

Therefore, by adding up all these separate layers of surveillance the method is foolproof, clones 

activities that are even invisible or deliberately hidden can be tracked down for sure. The resulting 

database is thus utilized for lineage mapping, technical debt measurement, and visualization which 

put in the hands of administrators the tools to spot the trends, foresee storage wastage, and decide on 

the implementation of the remediation measures. 

 

3.3. Analysis & Technical Debt Quantification  

Once genealogy information is acquired, a set of sophisticated analytical algorithms is 

employed to determine the magnitude of technical debt and measure the level of operational risk. 

Initially, the lineage graph is produced, where graph vertices correspond to snapshots and clones, and 

horizontally connected edges signify parent–child relations. Commonly used graph traversal methods, 

e.g., breadth-first search (BFS) and depth-first search (DFS), help to find out the clone’s depth and the 

subtrees that are linked to the clones, which are either redundant or have been around for a long time. 

By doing so, deep lineage structures that have a major impact on storage overhead and performance 

degradation can be easily detected. 

 

Data redundancy is evaluated by referring to the extent of data block overlap between sibling 

clones. A redundancy factor (RF) is derived by dividing the amount of data duplicated across clones 

to the total logical data size of all clones. The higher the RF value, the more duplicate data exist and, 

therefore, the better space-saving results by merging or removing clones. Storage bloat can be 

measured more accurately by contrasting the actual physical space consumption with the theoretical 

one if redundant copies were removed, and then, it is scaled by the efficiency level of deduplication. 

 

To quantify the degree of a clone lineage's impact on performance, a Performance Impact Score 

(PIS) is computed by combining three operational metrics, namely I/O latency, write amplification, 

and snapshot merge frequency. The score assigned to each clone or lineage subtree is a weighted sum 

that factors in the write amplification, restore latency, and merge overhead components. The weighting 

factors are determined based on the organization or operation's priorities. From this viewpoint, the 

lineage-induced complexities are shown to lead to performance drawbacks, which are also visible. 

 

Clones are then placed in groups according to their phases of existence and business 

importance. The ones that are short-lived, with no or very low operational impact, are regarded as 
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potential candidates for the automatic removal process, whereas the long-lived ones or the ones having 

business-critical functions, although they are kept, are lineaged and tagged for a possible optimization 

of the lineage. In this way, vulnerabilities or inefficiencies can be fixed in line with the priority. 

 

4. CASE STUDY 

We verified the cloning lineage and technical debt measurement method with a case study at a 

large cloud enterprise storage environment. The environment was a mixture of SAN/NAS systems 

and AWS cloud volumes, thus, it was supporting over 2,500 active workloads, including dev, test, and 

prod databases. The storage volumes had sizes from 1 TB to 50 TB, retention policies differed between 

the business units. Snapshots were being made regularly for backup, disaster recovery, and testing, 

whereas clones were mainly utilized for development and analytics workflows. The variety and size 

of the environment made it an excellent setting for the investigation of hidden clone lineage complexity 

and for measuring the impact on operations. 

 

4.1. Implementation of Methodology 

Stages such as data gathering, lineage mapping, and the final technical debt quantification were 

used to carry out our project framework. As the first step, we collected metadata and activity logs from 

our on-premises SAN/NAS systems as well as AWS EBS volumes. The on-premises data collection 

utilized the NetApp ONTAP API, vSphere APIs, and native audit logs, recording the snapshot creation 

and deletion times, the parent-child relationships, the volume sizes, etc. AWS EBS snapshots were 

grabbed via API requests and confirmed with CloudWatch metrics to get the usage patterns. The data 

was collected at the high-frequency level from the active development volumes and the low-frequency 

one from the long-term storage volumes, thus ensuring full coverage at the least system overhead level. 

 

Afterward, the lineage charts were drawn based on the raw data, where snapshots and clones 

were shown as nodes, and parent-child relations were the edges. Clone depth and redundancy were 

figured out by means of graph traversal algorithms, whereas I/O as well as deduplication factors were 

considered to arrive at the estimates of storage bloat and performance impact. By duration, short-lived 

clones (up to 14 days), long-lived clones (more than 90 days) were assigned. By workload, clones were 

labeled critical (production) or non-critical (development/test). Using D3.js, the graphs for 

administrative purposes were rendered, whereby the depths or redundant lineage structures would 

be visible at a single glance. 

 

4.2. Key Findings 

A detailed assessment showed that an environment was harboring in excess of 12,500 snapshots 

and 3,800 clones. A maximum clone lineage depth of 14 levels was also recorded. It was found that 

almost 22% of the clones were unnecessary duplicates, as they had copied data that was already present 

within the sibling clones or the parent snapshots. This duplication resulted in an estimated 15% storage 

bloat, i.e., storage roughly equivalent to 120 TB, which was wasted across the environment. Traditional 

metrics of write amplification and restore latency suggested that the presence of deep lineage trees led 

to an 18% increase in the average I/O latency, whereas long-lived clones caused a disproportionate 

share of the performance degradation. 
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Unexpectedly, some technical debts came from sources that nobody anticipated. A handful of 

short-lived clones, which were supposed to be for ephemeral testing only, turned out to be there for 

quite a long time as a result of inconsistent deletion policies. Besides that, certain production clones 

were found to have very complicated, multi-level dependencies that were not documented, thus 

presenting a potential hazard for situations of disaster recovery or system migration. The lineage 

graph's visualization brought out “hotspots” where a single root snapshot had multiple critical clones 

descended from it, making the consequence of one deletion or failure even more severe. 

 

The case study came to a conclusion that the proposed technique was indeed helpful in 

quantifying the technical debt and visualizing it. By the application of the metrics that determined 

clone depth, redundancy, and storage bloat, the administrators were enabled to plan their actions, 

which they could perform in order to solve the problems of the technical debt, for example, by 

removing obsolete clones, combining redundant copies, and implementing lifecycle policies. Most 

notably, the method offered real-time operating insights and did not interfere with ongoing operations, 

thus proving its practicality in both enterprise and cloud storage infrastructures. 

 

5. RESULTS AND DISCUSSION 

5.1. Quantitative Results 

Applying the suggested approach to the enterprise cloud storage environment resulted in a 

variety of quantitative findings about clone lineage and its influence on technical debt. The main 

metrics recorded are clone depth, redundancy factor, storage bloat & performance impact, which are 

briefly presented in  Table 1 below. 

 

Table 2: Snapshot and Clone Metrics across the Environment 

Metric Value Observation 

Total snapshots 12,500 High snapshot creation frequency in development and testing 

workloads 

Total clones 3,800 Predominantly short-lived clones, but several exceeded 90 days 

Maximum clone depth 14 Deep lineage trees identified, mainly in production volumes 

Redundancy factor 22% Significant duplication of data across sibling clones 

Estimated storage bloat ~120 TB 

(≈15%) 

Extra storage consumed due to redundant clones 

Average write 

amplification 

1.18× Elevated latency for write-heavy workloads 

Average restore latency +18% Restore operations slower for volumes with deep clone lineage 

 

5.2. Discussion: Clone Lineage as Technical Debt 

Results show that clone lineage can be considered as a source of technical debt in snapshot-

driven storage systems. Operating with very long lineage trees not only complicates operations but it 

also delays recovery processes and results in higher storage costs. Redundant clones that arise mostly 

during ephemeral testing or temporary analytics, tend to stay because of poor deletion policies and 

this leads to increased storage bloat and maintenance overhead. Administrators, through metrics such 

as redundancy factor and clone depth can now make the latent operational liabilities of clone lineage 
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visible and thus be able to decide on pruning, consolidation, or reorganization with a better 

understanding. 

 

This is especially true in multi-platform setups where SAN/NAS and cloud storage are 

combined. Clone lineage which is cross-platform might carry risk to a higher level: a deletion or failure 

of the parent snapshot can have side effects on multiple dependent clones, especially if those deep 

lineage structures are handling critical business workloads. In terms of technical debt, the unresolved 

lineage chains here can be seen as “interest” which is payable over time with increased storage costs, 

diminished system performance, and higher administrative burden. 

 

5.3. Comparison with Literature 

In comparison to previous studies, our research offers a number of fresh insights. Most of the 

existing research concentrates on storage efficiency, deduplication, or platform-specific clone 

management (Ruan et al., 2017; Wang & Xu, 2019). Although such work is beneficial, it tends to 

consider snapshots and clones as separate objects, thus ignoring the fact that they are interdependent 

structures which contribute to technical debt. Our graph-based lineage model demonstrates the 

accumulation of complexity and brings to light patterns, which were, for example, multi-level deep 

dependencies and cases of cross-platform clone interactions that had been overlooked. 

 

Furthermore, the paper points out behaviors that were not anticipated. Short-lived clones, 

which were simply intended for testing, often went well beyond the usage period intended, thus 

becoming ones, which had not been systematically mapped by previous studies. At the same time, the 

overlap between sibling clones turned out to be even more extensive than it was assumed that it would 

be, thus creating considerable storage wastage and performance degradation which even well-

optimized environments were not able to avoid. All these findings serve to remind us that technical 

debt in storage is not merely a theoretical issue but one which results in actual operational and financial 

impacts. 

 

5.4. Limitations of the Study 

Despite these findings, there are a few more limitations that need to be pointed out. To begin 

with, this research was a case study within a single enterprise setting only, and hence the results cannot 

be generalized. However, since the method used does not depend on a particular platform, other 

companies might still have very different snapshot and clone policies, archive time, and also different 

kinds of workloads, all of which would determine the lineage complexity. Another point is that some 

of the measurements, performance impact in particular, are based on rough estimates from I/O and 

merge statistics; thus, the actual delay might differ when there are continuous changes in workloads 

or when the network is slow. Moreover, long-term trends in behavior such as clone expansion over 

several years were not really looked at; a longitudinal study over time would give a clearer picture of 

technical debt accumulation. Lastly, although the use of visualization and metrics is capable of 

generating useful insights, there was no implementation of automated remediation in this study, and 

hence the question of optimization was left to be solved through manual administrative adjustment. 
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5.5. Synthesis 

The study's findings collectively point out clone lineage as the main lead to technical debt in 

snapshot-driven storage systems. This investigation blends quantitative metrics, lineage visualization, 

and clone classification to produce a well-structured framework that helps measure, comprehend, and 

manage the hidden storage inefficiencies effectively. The developed methodology not only extends the 

existing literature but also through a comprehensive, cross-platform perspective of clone 

dependencies, identifies operational risks, and dominates the prioritization of remediation. 

 

Besides that, automated clone pruning policies, predictive modeling of lineage growth, and 

incorporation of lineage analysis into wider storage governance frameworks should be the focus of the 

next studies. These steps would eventually lead to the reduction of operational debt, improvement of 

system reliability, and fulfillment of the storage efficiency potentials of snapshot-driven storage  

architectures. 

 

6. CONCLUSION AND FUTURE SCOPE 

The investigation has been on clone lineage as a potential source of technical debt in snapshot-

driven storage systems that cover enterprise SAN/NAS as well as cloud environments. We have 

developed a conceptual framework with which we viewed clone relationships as hierarchical graphs 

and assessed the complexity through metrics such as clone depth, redundancy, storage bloat, and 

performance impact. Besides, we categorized clones according to lifecycle and operational criticality. 

We have taken the approach to quantify the hidden technical debt within clone proliferation and deep 

lineage trees and our paper reports on our study on such a case with a large-scale enterprise storage 

environment. Specifically, from the distribution 22% of the clones were found to be redundant, storage 

bloat caused by long-lived clones accounted for almost 15%, and deep lineage chains resulted in 

increased write amplification and restore latency by up to 18%. This analysis leads to the conclusion 

that uncontrolled clone lineages have substantial real operational, financial, and performance cost 

implications and hence their systematic measurement and management is of utmost priority. 

 

The most significant contribution of this study is the holistic view of the storage environment 

that it makes available to administrators by combining clone lineage analysis with the technical debt 

quantification, thereby producing an integrated, platform-agnostic framework for identifying hidden 

liabilities. Essentially, the visualization of lineage relationships, the discovery of redundant or long-

lived clones and the choice of which intervention to spend resources are those decisions that storage 

teams well equipped with such tools can make to maximize their storage utilization, boost system 

performance and lower their administrative overheads. What this work does is fill a void between two 

directions existing in literature, which regard snapshots and clones as separate entities or concentrate 

on the entire storage efficiency while neglecting the accumulation of complexity and cross-platform 

interactions, respectively. 

 

In the next phase of the research, the authors suggest a focus on automated clone pruning, 

predictive modeling of lineage growth, and AI-assisted approaches for proactive storage optimization. 

The use of machine learning technology can identify clones that tend to be needlessly retained for long 
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periods, thereby facilitating the implementation of intelligent retention or consolidation strategies. 

Furthermore, the contribution could be enhanced by incorporating multi-year trends and cross-data-

center lineage, which would lead to a better understanding of the phenomena of technical debt 

accumulation as well as its long-term implications on the operation. Lastly, the migration of such 

information into cloud-native and hybrid storage orchestration platforms would be another step 

towards easier management, lessening of cost, and improvement of the reliability of systems at scale. 
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