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NPM ARCHITECTURE AS AN ATTACK SURFACE

Abstract. Topicality. The npm ecosystem is a critical infrastructure layer of modern JavaScript/TypeScript development,
and its security risks scale rapidly through automated dependency resolution, transitive dependencies, and installation-time
script execution. As a result, supply-chain incidents in npm can affect a large number of downstream projects and CI/CD
pipelines. The subject of study is the npm ecosystem as an attack surface, with a focus on architecture-dependent threat
mechanisms related to package publication, package identity and resolution, publisher trust, installation-time execution, and
dependency reproducibility and provenance. The purpose of the article is to provide an architecture-based analytical review
of npm-specific supply-chain threats, to systematize them into a practical taxonomy, and to formulate a layered mitigation
approach for engineering teams. Results obtained. The article explains the security-relevant properties of npm architecture
(registry, CLI, publication, dependency resolution, and installation workflow), proposes an architecture-centered taxonomy
of recurring threat mechanisms, analyzes representative incidents as empirical illustrations of these mechanisms, and
summarizes protective measures as a layered control model covering dependency intake, deterministic builds, automated
monitoring, CI/CD policy enforcement, and publisher hardening. Conclusion. Effective risk reduction in npm requires not a
single tool, but coordinated technical and organizational controls across the dependency lifecycle; in particular, reproducible
installation practices, selective control of lifecycle script execution, continuous dependency monitoring, and stronger
publisher authentication and provenance mechanisms improve resilience and auditability without blocking delivery.

Keywords: npm ecosystem security; software supply chain; package confusion; malicious packages; dependency
vulnerability scanning; provenance attestation; CI/CD hardening.

Introduction

Problem relevance. Npm is the de facto standard
for package management in the JavaScript/TypeScript
ecosystem and a key infrastructure component of modern
web development. Its official documentation describes
npm as the world's largest software registry, used by
developers worldwide. npm includes not only the registry
but also a CLI and a web interface for managing packages
and publishing.

The relevance of this topic is reinforced by the scale
of the JavaScript/TypeScript ecosystem itself. According
to the Stack Overflow Developer Survey 2025,
JavaScript remains the most widely used language
among respondents (66%), and TypeScript is also among
the most used technologies (43.6%) [1]. This means that
infrastructure risks in the npm ecosystem affect a
significant proportion of modern web projects and
toolchains.

Therefore, npm security should be considered not
only as a question of individual defects in library code,
but primarily as a problem of the resilience of the
ecosystem for distributing, publishing, and installing
dependencies. The high degree of centralization of
practices around npm means that supply chain incidents
(such as publisher compromise, malicious updates,
typosquatting, or dependency confusion) have a scalable
impact and are of high practical significance for
developers and organizations. This has also been
recognized as a systemic problem for the platform itself,
as evidenced by the tightening of authentication and
token management policies by GitHub/npm in 2025.

Literature review. Existing research on software
package ecosystems shows that supply-chain attacks are
not isolated implementation defects, but a systemic
consequence of how modern package managers
distribute trust across registries, publishers, dependency
resolvers, and automated installation workflows. In

particular, academic studies of package-manager
ecosystems describe recurring attack families and
analyze how ecosystem-scale mechanisms (package
naming, dependency resolution, and publication
practices) enable attacks to propagate beyond a single
compromised package [6]. Other studies examine
malicious-package campaigns and automated detection
approaches at scale, including methods aimed at
identifying suspicious package behavior or package
metadata patterns in large repositories [11, 12].

At the same time, industry and standards-oriented
sources provide operationally important but fragmented
knowledge. npm documentation describes platform-
specific threats and mitigation mechanisms, including
registry trust, token hygiene, and package integrity
features [4, 5], while incident reports and advisories
document how real campaigns affect downstream users
and CI/CD environments in practice [7, 10]. However,
the existing literature and guidance are often split
between ecosystem-level empirical analysis, malware or
abuse detection  methods, and  operational
recommendations. This creates a gap for practitioners
who need a single architecture-based view of npm as an
attack surface. The present article addresses this gap by
combining an npm-specific architectural analysis with a
practical taxonomy of threat mechanisms and a layered
mitigation model focused on engineering workflows.

The purpose of the research is to explain the basic
principles of the npm ecosystem (registry, package
publication, dependency resolution, and installation
workflow) in order to identify and classify npm-specific
vulnerabilities and to analyze the mechanisms by which
they operate.

1. NPM architecture

To properly discuss npm vulnerabilities, we must
first define what exactly npm means. In the context of
this article, npm is not simply the npm install command,
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but an entire ecosystem for distributing and consuming
packages. The official documentation explicitly
describes npm as a system of three components: website,
CLI, and registry, and describes it as the world's largest
registry of software packages. It is this multi-component
nature that makes npm a relevant subject for analysis
from a security perspective: vulnerabilities arise not only
in the code of a specific library, but also in the
mechanisms for publishing, identifying, resolving, and
installing packages [2].

In a typical project, npm begins with package.json,
which defines dependencies and rules for selecting them
by version. The npm CLI then accesses the registry to
resolve packages by name and version, retrieves
metadata, and downloads the corresponding artifacts.
The npm documentation specifically notes that the CLI
interacts with the registry when resolving packages, and
that the registry supports not only read operations but
also a write API for publishing packages and managing
user information [3]. This is fundamentally important for
the topic of this article: the same infrastructure is
responsible for both package consumption and
publishing, meaning that publisher trust issues and
package installation issues are architecturally linked.

The key feature of npm as an ecosystem is the
automatic construction of a dependency tree, including
not only direct but also transitive dependencies. From a
practical standpoint, this is the source of the ecosystem's
scalability: a developer includes a few packages, but in
fact receives a large set of someone else's code, selected
and built automatically. In a normal engineering process,
this risk is partially controlled through package-
lock.json, which, according to npm documentation,
captures the exact dependency tree and allows for
reproducible installations regardless of intermediate
dependency updates. npm also explicitly recommends
committing this file to the repository. This is important
for security not in itself, but because installation
reproducibility reduces the likelihood of unnoticeable
dependency drift between production machines, CI, and
the production environment.

However, installing a package in npm isn't just a
matter of downloading files to "node_modules." folder.
The npm model inherently includes a mechanism for
scripts and lifecycle events, described in package.json.
The npm documentation emphasizes that the "scripts"
property supports both arbitrary commands and built-in
lifecycle scripts executed within various operations. This
means that at the install/ci stage, the npm architecture
allows for command execution as a standard part of the
process. From a research perspective, this is where an
important boundary is drawn: we're not analyzing "bugs
in package code," but rather the fact that the installation
infrastructure itself allows for code execution within a
trusted user or CI environment.

The configuration of the package source plays an
additional role. npm uses a public registry by default, but
allows for the configuration of compatible alternative
registries and custom registries. The documentation also
states that authentication parameters and some behavior
are tied to a specific registry, and the choice of registry
can depend on configuration and context. Consequently,

the question of "where exactly the package came from"
becomes not just an operational detail, but part of the
attack surface: npm's architecture allows for variability in
sources and trust settings, which directly relates to risks
of dependency confusion and configuration errors.

2. Taxonomy of npm ecosystem vulnerabilities

An analysis of the npm architecture reveals that
vulnerabilities arising in this ecosystem are not a random
collection of isolated incidents, but rather the result of
specific design decisions underlying the package
distribution and consumption model. npm integrates the
processes of publishing, identifying, resolving
dependencies, and installing packages into a single
infrastructure, ensuring high usability and scalability of
the ecosystem while simultaneously creating a complex
system of trust between developers, publishers, and build
tools.

Based on the above, this article proposes classifying
npm vulnerabilities based on the ecosystem architecture
elements through which attacks are implemented. This
approach allows us to identify stable groups of
vulnerabilities that reflect key trust and automation
points in npm, thereby creating a basis for subsequent
analysis of real-world incidents and protective measures.

The first group is package identity vulnerabilities.
Here, the problem arises at the package name and
namespace level: a user or build system requests one
identifier and receives another, either superficially
similar or conflicting with the private naming
convention. This includes typosquatting and dependency
confusion. npm explicitly addresses this class of attacks,
noting the ability to detect typosquatting while
emphasizing that dependency confusion cannot be
automatically detected; the use of scoped packages is
recommended as a key mitigation measure. From a
methodological perspective, this category is important
because the attack occurs even before the package
contents are analyzed: compromise occurs at the level of
deciding what exactly is considered a "relevant package"
[4].

The second group is publisher trust vulnerabilities.
Here, the attack target is not the package name, but the
publishing permissions. npm specifically identifies
account takeover as one of the primary vectors in its
Threats and Mitigations section, describing both classic
password compromise scenarios and more specific cases,
such as risks associated with expired email domains. This
is crucial for the npm ecosystem: if an attacker gains
control of the maintainer account, they can publish
formally "legitimate" versions of an already trusted
package. Therefore, the problem here is not bypassing the
code review mechanism, but rather spoofing the trust
principal within the standard publishing process.

The third group is installation-time execution risks.
In npm, package installation architecturally allows for
lifecycle script execution, as the scripting mechanism is
part of the normal CLI operating model. The npm
documentation describes lifecycle events in detail and
specifically notes that when installing a git dependency
containing prepare, npm may install its dependencies and
devDependencies and then execute prepare before
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packaging and installation. This means that the npm
install stage is not a passive file delivery; it may involve
executing commands in the developer environment or CI.
Therefore, this class should be distinguished separately
within the classification of npm vulnerabilities: the risk
arises from the very fact of permissible code execution
during the installation stage, and not from logical defects
in the final library.

The fourth group is dependency resolution and
package composition reproducibility vulnerabilities. The
npm architecture assumes automatic construction of a
tree of direct and transitive dependencies, meaning the
actual composition of the resulting code is determined
not only by explicit developer choices but also by the
versioning policy, the registry state, and the tree's lockfile
status. In this category, the key risk mechanism is the
discrepancy between the expected and actual dependency
composition: version drift, uncommitted transitive
updates, uncontrolled tree  changes between
environments. While these phenomena do not always
constitute an attack in themselves, they create conditions
under which supply-chain attacks become less visible

and more difficult to reproduce during investigation. The
connection of this category to the npm architecture stems
from the basic model of automatic dependency resolution
described in the registry and CLI documentation.

The fifth group is integrity/provenance
vulnerabilities. This concerns whether the consumer can
verify that the received package was not tampered with
during delivery, and where exactly it was built and
published. npm describes ECDSA registry signatures as
a mechanism for detecting package content tampering
(for example, when a mirror or proxy is compromised),
and is also developing provenance attestations as a way
to establish a verifiable link between the package, the
source code, and the build/publishing process [5]. At the
same time, the documentation explicitly states the
limitation of provenance: the presence of provenance
does not prove the absence of malicious code, but only
makes the package's origin verifiable. Therefore, in the
classification, this is not "out-of-the-box protection," but
a separate class of risks and controls associated with
insufficient chain-of-origin verification.

Table 1 — Taxonomy of npm vulnerabilities with examples

Category

What it is

Representative examples

Typosquatting

A malicious package is installed
because its name is a typo or visually
similar to a legitimate package name.

loadsh instead of lodash

Package substitution / Registry
confusion

A resolver installs a public package
instead of the intended private/internal
package due to name collision and
registry resolution behavior.

Internal package acme-utils is
referenced unscoped, but CI installs a
public acme-utils; private/public name

collision with higher public version
winning resolution.

Publisher account / token compromise

An attacker gains legitimate publish
rights by compromising maintainer
credentials, recovery channel, or npm
token.

Stolen npm access token used to
publish a new version; maintainer
account takeover via password reset on
an email at an expired domain.

Publish pipeline compromise (CI/CD)

An attacker abuses the automated
release workflow and publishes through
CI without directly using the
maintainer’s interactive login.

Leaked CI secret in GitHub Actions;
overprivileged publish token in CI;
compromised release workflow pushes
malicious package version.

Malicious install-time scripts

A package executes attacker-controlled
code during installation through npm
lifecycle scripts.

Malicious preinstall steals environment
variables; postinstall downloads and
runs an external payload; prepare runs
when installing a git dependency.

Dependency resolution &
reproducibility risks

The actual installed dependency tree
differs from what maintainers expect,
making supply-chain attacks harder to

notice and investigate.

Installing from package.json without a

stable lockfile yields different transitive
versions across machines; version drift
after permissive semver ranges (*, ~).

Transitive dependency exposure

Risk enters through indirect
dependencies that the team did not
explicitly choose or review.

A deeply nested utility package
becomes malicious/compromised; an
indirect dependency introduces install-
time behavior not visible in top-level
package.json.

Build / provenance / integrity gaps

Consumers cannot reliably verify
artifact origin or detect tampering in the
delivery/build chain.

Package is installed without checking
registry signatures; no provenance
attestation for a published version;

artifact origin cannot be tied to a
specific trusted build workflow.
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3. Brief History of Major npm Supply-Chain
Events

The relevance of npm ecosystem security is best
understood through incidents that became visible beyond
individual projects and forced changes in security
practices across the JavaScript/TypeScript community.

The cases below are short historical overview of
major events that illustrate how npm supply-chain risk
evolved from isolated package compromises into
broader, faster, and more automated attack campaigns.
npm itself frames the ecosystem threat landscape in terms
of account takeovers, malicious package uploads,
typosquatting / dependency confusion, and malicious
changes to existing packages, which helps explain why
these incidents recur in different forms over time.

A foundational case is the event-stream incident
(2018). npm’s incident report states that its security team
was notified of malicious code introduced into the event-
stream dependency chain and responded by removing
flatmap-stream and event-stream@3.3.6 from the
registry, while also taking ownership of the event-stream
package to prevent further abuse. npm further described
the incident as beginning with a social-engineering attack
that resulted in malicious control over package
maintenance. Event-stream became a canonical reference
point because it showed that a trusted, widely used
package (190 million downloads, 3,905 dependent
packages) could be weaponized through the normal
dependency path, without requiring users to install an
obviously suspicious package name [6].

The widespread npm supply-chain compromise
alert (September 2025) marked a different stage in the
history of npm security: public-sector warning and
ecosystem-scale response. CISA’s alert described a
widespread compromise affecting the npm ecosystem
and noted that attackers leveraged automation to spread
rapidly by authenticating to the npm registry as
compromised developers and injecting code into
additional packages [7]. This matters historically because
it reflects a transition from high-profile but
comparatively contained incidents to campaigns
requiring coordinated defensive guidance, including
recommendations around version pinning, credential
rotation, and stricter release hygiene. In other words, by
2025 the problem had become large enough that response
guidance was not only package-specific but ecosystem-
operational.

Closely related, but analytically distinct, is the Shai-
Hulud self-replicating npm malware campaign (2025).
CERT/CC’s vulnerability note describes Shai-Hulud as a
self-propagating malware variant spreading through
credential theft and automated package publishing, with
more than 500 affected packages at the time of
publication and continued growth thereafter. CERT/CC
also explicitly identifies exploitation of known vectors
such as credential theft, package impersonation, and

automated propagation, and highlights the speed of
escalation [8]. The historical significance of Shai-Hulud
is that it demonstrates a worm-like pattern in npm supply-
chain abuse: compromised developer environments and
CI/CD credentials were not only targets, but also
mechanisms for further propagation. This made the
campaign qualitatively different from earlier one-off
package compromises, because the attacker’s reach could
increase through the ecosystem’s own automation
channels.

Another major 2025 incident involved malicious
Nx package versions. The official Nx postmortem states
that on August 26, 2025, malicious versions of several
Nx packages were published to npm after attackers
exploited a GitHub Actions injection vulnerability to
steal an npm publishing token; the malicious releases
were available for approximately four hours. The Nx
team also reported post-incident changes including
migration to npm Trusted Publishers and additional
release controls [9]. GitHub’s advisory for the same
incident documents that malicious versions of nx and
related plugins were published and contained code that
scanned the filesystem, collected credentials, and posted
them to GitHub repositories under user accounts. This
case is especially important in a short historical section
because Nx is developer tooling, not a niche library; it
demonstrates how compromise of build-tooling packages
can immediately affect development workstations, CI
environments, and organizational secrets.

The eslint-config-prettier compromise (July 2025)
is another important example because it affected a widely
used developer-facing package and was formally tracked
in public advisory systems. GitHub’s advisory reports
that specific versions of eslint-config-prettier contained
embedded malicious code as part of a supply-chain
compromise and that installing affected versions
executed an installjs file launching malware on
Windows. The NVD entry for CVE-2025-54313 records
the same affected versions and confirms the install-time
execution behavior [10]. This incident is historically
relevant not only because of package popularity, but
because it reinforced a repeated pattern seen across npm
attacks: compromise of maintainership or publishing
credentials followed by malicious code delivered through
standard installation behavior.

Taken together, these incidents show a clear
progression in npm supply-chain risk. Earlier incidents
such as event-stream established the core problem of trust
abuse in dependency ecosystems; later incidents in 2025
demonstrated increased operational tempo, stronger use
of CI/CD and token theft, and large-scale propagation
supported by automation. Public alerts from CISA and
CERT/CC, together with postmortems from affected
maintainers such as the Nx team, indicate that npm
supply-chain security is no longer a matter of isolated
package anomalies but an ecosystem-level operational
concern that affects maintainers, toolchain vendors, and
downstream organizations alike.
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4. Protective Measures

Effective protection against npm-specific threats
should be organized as a layered control system rather
than as a single tool or a single check. In practice, the
attack surface appears at several stages of the dependency
lifecycle: package discovery, package retrieval,
dependency resolution, installation, CI/CD execution,
and package publishing. Therefore, a robust defense
model combines registry-level controls, deterministic
build practices, automated vulnerability management, CI
policy enforcement, and hardening of maintainer and
publishing workflows.

The first layer should be package ingress control.
For organizations, it is preferable to avoid direct,
unrestricted access from developer machines and CI jobs
to the public registry. A repository manager such as
Sonatype Nexus Repository can act as an intermediary
and supports npm hosted, proxy, and group repositories,
including proxying/caching of upstream registry content.
This architecture reduces operational dependence on live
external fetches and creates a natural enforcement point
for internal policy. Sonatype’s Repository Firewall
further adds an explicit security control at ingress by
automatically quarantining suspicious components, and
Policy Compliant Component Selection can remove
quarantined versions from npm metadata so clients do not
resolve them by default.

The second layer is deterministic dependency
resolution and installation discipline. npm’s package-
lock.json records the exact dependency tree and is
intended to be committed to source repositories, which

makes installations reproducible across environments. In
CI/CD, npm ci is the preferred installation mode because
it is designed for automated environments, performs a
clean install, and fails if the lockfile and package.json are
inconsistent instead of silently rewriting the lockfile. This
directly reduces the window for accidental drift and
makes anomalous dependency changes easier to detect
during code review.

A related point is installation-time code execution.
npm supports lifecycle scripts, and the npm configuration
includes ignore-scripts, which disables execution of
scripts declared in package.json during installation
(except when a script is explicitly invoked). This should
not be treated as a universal default for all builds, because
many projects legitimately depend on build/install
scripts; however, it is highly useful in selected contexts
(for example, metadata inspection pipelines, triage jobs,
or high-sensitivity validation stages) where dependency
code does not need to execute. In other words, the control
should be applied selectively and intentionally, not
dogmatically.

The third layer is continuous vulnerability detection
and controlled remediation. At minimum, projects should
use npm audit (for registry-advisory-based checks) and
repository-level alerting in the hosting platform. On
GitHub, Dependabot is not one mechanism but a set of
coordinated mechanisms: alerts (detection), security
updates (automated fix PRs for known vulnerabilities),
and version updates (routine dependency currency).
GitHub’s documentation also states that these features
rely on the dependency graph, which is built from
manifest and lock files and updated as the repository
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changes. This matters operationally: if lockfiles are
absent or not maintained, the quality of downstream
automation degrades.

Dependabot should be configured, not merely
enabled. GitHub documents that version updates are
managed through dependabot.yml, and its options
support grouping updates into fewer, targeted pull
requests. This is important in research and in practice
because alert fatigue is a real failure mode: a noisy
security program is often an ineffective security program.
Grouping, scheduling, and scoped policies make
automated updates reviewable, which increases
acceptance rates without removing human oversight.

This recommendation is also supported by
empirical research on npm dependency update behavior,
which shows that update strategies vary across projects
and are associated with package characteristics;
therefore, dependency updates should be managed as a
policy and governance task rather than treated as a purely
mechanical automation step [12].

Renovate is a strong complementary tool in teams
that need more granular update policy control. Official
Renovate documentation provides explicit controls for
packageRules, scheduling, lock file maintenance, and
vulnerability alert PR behavior [13]. Notably, Renovate
supports dedicated vulnerabilityAlerts configuration and
documents that such PRs can “skip the line” relative to
normal scheduling limits, while lock-file maintenance
can be enabled separately and automated. This makes
Renovate particularly suitable for large monorepos and
organizations that need differentiated policies for
production dependencies, developer tooling, internal
packages, and high-churn ecosystems.

The fourth layer is merge-time policy enforcement
in CIL. Detection alone is insufficient if pull requests
introducing risky dependencies can still be merged
without constraints. GitHub’s dependency review action
is designed specifically for pull-request dependency diffs
and can add enforcement mechanisms to workflows.
GitHub  also  documents common hardening
customizations: fail builds based on vulnerability
severity, deny specific licenses, and fail on selected
dependency scopes. When the workflow is marked as
required, dependency changes become subject to the
same merge governance as tests and static analysis. This
is a materially stronger control than post-merge alerting
alone.

The fifth layer is hardening of maintainers and
publishing workflows, because many large npm incidents
have involved account compromise or misuse of
publishing credentials. npm provides organizational 2FA
enforcement, and its documentation explicitly notes that
this makes it harder for malicious actors to access an
organization’s packages and settings; it also describes the
operational consequence that members without 2FA are
removed until they comply. For package publication
pipelines, npm’s trusted publishing should be preferred
over long-lived write tokens: npm documents that trusted
publishing uses OIDC, creates a trust relationship with
the CI provider, and replaces long-lived reusable
credentials ~ with  short-lived  workflow-specific
credentials. npm further recommends using a read-only

token for installing private dependencies in CI, while
trusted publishing handles the publish step.

Where tokens are still required, least privilege
should be enforced. npm’s access-token documentation
distinguishes granular access tokens with different
permission levels and package/account scope controls,
which is essential for separating read-only installation
access from publication permissions and for reducing
blast radius in the event of exposure. In practice, this
means avoiding shared all-powerful tokens, limiting
write scope to the smallest possible set of packages, and
rotating credentials on any suspicion of leakage.

The sixth layer is integrity and provenance
verification. npm provides ECDSA registry signatures
and documentation for verifying them, including the npm
audit signatures workflow, while trusted publishing
automatically generates provenance attestations for
published packages. These controls do not replace review
and policy enforcement, but they significantly improve
the ability to verify artifact authenticity and publication
origin in automated pipelines. In a research framing, this
is a shift from purely vulnerability-centric defense
toward supply-chain authenticity guarantees.

Finally, a mature program should support
inventorying and incident response. npm documents npm
sbom, which generates a software bill of materials in
SPDX or CycloneDX format. SBOM generation does not
prevent an attack, but it materially improves containment
and scoping after disclosure or compromise because
affected components can be identified and prioritized
more quickly across repositories and releases [ 14].

Discussion of results

The results of this study support the thesis that npm-
related risk should be analyzed primarily as an ecosystem
and supply-chain problem, not as a set of isolated failures
in individual repositories. The architectural review
showed that npm is not only a CLI tool but a combined
system that includes the registry, the CLI, and the web
platform, operating at very large scale; this makes trust
transfer, package publication, dependency resolution,
and installation behavior central security concerns at the
ecosystem level. npm itself describes the platform as the
world’s largest software registry and explicitly
documents threat classes such as account takeover and
malicious package publication (including typosquatting /
dependency confusion and malicious modification of
existing packages), which reinforces the systemic
framing adopted in this article.

A key result of the article is that the architecture-
first approach is analytically productive. Once npm is
examined as an infrastructure for package distribution
and automated dependency consumption, the main threat
groups become visible as recurring mechanisms rather
than ciyuaitasie incidents. In this sense, the classification
developed in the article is not an arbitrary taxonomy but
a structured representation of where trust is created,
delegated, and executed in the npm lifecycle. The
historical cases then serve as empirical confirmation of
these mechanisms: the event-stream incident illustrates
compromise through a trusted dependency path, while
later campaigns such as Shai-Hulud demonstrate how
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credential theft and automated republication can scale the
same eccosystem-level weaknesses across hundreds of
packages.

Another important outcome is the clarification that
the problem is systemic even when an incident begins
with a single package or a single maintainer account. The
article’s incident analysis shows that the impact expands
through npm’s normal operational properties: transitive
dependency use, automation in CI/CD, and rapid package
distribution. Therefore, the relevant unit of analysis is not
the compromised repository alone, but the dependency
graph and the delivery process that connect many
downstream projects to the same upstream artifact. This
is precisely why public incident descriptions often
emphasize affected package counts, published malicious
versions, and propagation patterns rather than only the
initial compromise point.

The protection section of the article also leads to a
clear result: no single control is sufficient. The analysis
supports a layered model in which different controls are
mapped to different stages of the lifecycle. Repository-
gateway controls (e.g., Nexus/Repository Firewall)
address ingress and quarantine; lockfiles and npm ci
address reproducibility and drift; automated update
tooling (Dependabot / Renovate) addresses maintenance
and remediation cadence; dependency-review gates
address merge-time governance; and trusted publishing
plus provenance/signature verification address publisher
authentication and artifact authenticity. This layered
interpretation is consistent with vendor and platform
documentation, which describes these capabilities as
complementary rather than interchangeable.

At the same time, the study indicates an important
practical constraint: defensive maturity depends not only
on technical tooling, but on governance quality. Tools
such as Dependabot and dependency review actions
provide strong automation, but their effectiveness is
determined by configuration discipline, review practice,
and enforcement in CI rulesets. Similarly, provenance
and signature verification are meaningful only when
organizations actually integrate them into build and
release workflows. Thus, the article’s main practical
result is not a list of tools, but a governance model for
dependency intake, update approval, and release trust.

Conclusions

Npm has become a de facto standard infrastructure
layer for modern JavaScript/TypeScript development.
This conclusion is supported by the scale of the
ecosystem itself: npm describes its registry as the world’s
largest software registry, notes that it is used globally
(including by organizations for private development),
and the npm website states that the registry contains more
than two million packages. At the same time, JavaScript

and TypeScript remain among the most widely used
technologies, which further increases the practical
significance of npm-related risks for contemporary
software development.

Against this background, the main conclusion of
this article is that npm security should be understood as a
systemic architectural issue of the ecosystem, rather than
as a local problem of a single repository. By examining
how npm operates (registry, CLI, publication,
dependency resolution, and installation), the study
showed that projects are exposed to a recurring set of
structured threats generated by the normal trust and
automation mechanisms of the ecosystem. The analysis
therefore justifies treating npm-related threats as a
distinct class of supply-chain risks that require dedicated
analytical and operational approaches. The fact that npm
itself documents recurring ecosystem attack patterns
(e.g., account takeover, malicious package publication,
typosquatting / dependency confusion, malicious
changes to existing packages) supports this interpretation
[4].

An architecture-first perspective makes it possible
to move from fragmented incident descriptions to a
coherent understanding of threat categories. In this
article, the review of npm architecture made it possible
to identify and systematize the main categories of threats,
while the historical incident section demonstrated that
these categories are not abstract constructs but recurring
patterns observed in real attacks. Thus, the article’s
contribution is not limited to listing incidents; it provides
a structured framework for interpreting why such
incidents continue to reappear in different forms.

Because npm is often used as routine infrastructure
and integrated deeply into development workflows, its
risk profile may be underestimated in day-to-day
engineering practice. The results of this study indicate
that working with npm requires explicit responsibility
and a deliberate security process. Trust in package
ecosystems cannot remain implicit: it must be supported
by concrete protective steps across the dependency
lifecycle, including controlled package ingress,
deterministic installation, dependency governance,
CI/CD enforcement, and stronger publishing/authenticity
controls. In this sense, the central practical implication of
the article is not to reject npm, but to use it under a mature
security model appropriate to its scale and criticality.

In summary, npm’s ubiquity is precisely what
makes its security problem strategically important. The
broader the adoption of npm, the greater the downstream
effect of architectural weaknesses in package distribution
and trust transfer. Therefore, npm-related threats should
be treated as an ecosystem-level engineering and
governance challenge, and effective mitigation should be
built as a systematic set of controls rather than as an ad
hoc reaction to individual incidents.
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APXITEKTYPA NPM SIK IOBEPXHS ATAKHU
0O.A. Cananscrkuii, O.10. 3akoBopoTruii, B.I. Hockos

AHoTanmisi. AkrtyadasHicTh. Exocucrema npm € KpUTHYHHMM piBHEM iHQPACTPYKTYpH CYYacHOi pO3pOOKH Ha
JavaScript/TypeScript, a T pu3uKH O€3MEKH MBHIKO MACIITa0YIOThCS 3aBISKH aBTOMATH30BAHOMY PO3B'S3aHHIO 3AJIC)KHOCTEH,
TPaH3UTUBHUM 3JI€)KHOCTSIM Ta BUKOHAHHIO CKPUIITIB ITiJ] 4aC BCTAHOBJICHHS. SIK pe3yibTart, iHI[USHTH JIaHIIora HOCTAaBOK y npm
MOXYTb BIUTMBATH Ha BEJIMKY KUTBKICTh IPOEKTIB HIDKYE 3a Tedieio Ta kouBeepis CI/CD. IIpeaMeTom focIiTaeH s € eKOCHCTEMa
npm sK TOBEPXHS aTakH, 3 aKIEHTOM Ha apXiTEeKTYPHO-3ale)KHUX MeXaHi3MaX 3arpos, IOB'S3aHUX 3 MyONiKalli€lo MakeTis,
izeHTH(DIKAlIEF0 Ta PO3IUIPHOI 3[aTHICTIO MAKETiB, IOBIPOIO BHUIABISL, BUKOHAHHSIM IIiJ] Yac BCTAHOBJICHHS, a TaKOX
BIITBOPIOBAHICTIO Ta MOXO/PKEHHSAM 3alieHOCTel. MeTa cTaTTi momsirae B TOMy, 00 HajaTH aHANITHYHMI OIS 3arpo3
JIAHIIOTY TIOCTaBOK, CHEeUU(IYHMX A8 Npm, Ha OCHOBI apXiTEKTypH, CHCTEMAaTH3yBaTH X Yy IPAKTUYHY TAaKCOHOMIIO Ta
chopmysroBaTi OaraTopiBHEBHH MiAXix 10 MOM'IKIICHHS HACHIIAKIB AJIs iH)KeHepHUX KomaHa. OTpuMaHni pe3yasTaT. Y crarTi
HOSICHIOIOTHCSI BIIACTHBOCTI apXiTEeKTYpH npm, L0 CTocytoThes Oe3nexu (peectp, CLI, my6Gmikaiist, BUpIlIEHHS 3aIeXHOCTeH Ta
pobounii mpolec BCTaHOBICHHS), MPOIMOHYETHCS apXiTEKTYPHO-OPIEHTOBAaHA TAKCOHOMis MEXaHi3MiB MMOBTOPIOBAHUX 3arpos,
aHAI3YIOTHCS PENPE3CHTATHBHI IHIUACHTH SK EMITPUYHI LTIOCTpamii MUX MEXaHi3MiB Ta y3arajbHIOIOTHCS 3aXHCHI 3aXOIH 5K
OaraTopiBHEBa MOJENb KEpYBaHHS, IO OXOILTIOE TIPUIOM 3aJIe)KHOCTEH, IETepMiHOBaH1 30ipKH, aBTOMAaTH30BaHUI MOHITOPHHT,
3abe3nedenns qotpuManHs nonituk CI/CD Tta mocuneHHs 3axucTy BHAABIiB. BucHoBok. EdexTrBHE 3HIDKSHHS pU3HKIB y npm
BUMarae He OJHOTO IHCTPYMEHTY, a CKOODJMHOBAaHHX TEXHIUYHHMX Ta OpraHi3allifHMX 3aXO/iB KOHTPOJIO IPOTATOM YCHOrO
JKUTTEBOTO LMKy 3aJI©KHOCTEH; 30KpeMa, BiATBOPIOBaHI METO/AM BCTAHOBJICHHS, BUOIPKOBHII KOHTPOJIb BUKOHAHHS CKPHITIB
JKUTTEBOTO LUKITY, O€3MepepBHUI MOHITOPHHT 3aJ€KHOCTEI Ta CHJIBHIII MeXaHi3MH ayTeHTH(IKalil Ta MOXOHKEHHS BUABLIS
HOKPAIIYIOTh CTIHKICTb Ta ayIuT 03 OJIOKYBaHHS JOCTABKH.

KawouoBi ciioBa: Gesreka eKOCHCTEMH NPM; JIAHIIOT TIOCTAYAHHS TIPOIPAMHOTO 3a0e3MeYeHHS; Iy TAHMHA 3 TAKETaMHU;
LIKI/UTMBI ITAKETH; CKaHyBaHHs BPA3JIMBOCTEH 3aJIeKHOCTE; aTecTallis MOXo/KeHHs; nocuieHus 6esneku CI/CD.
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