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Abstract:

In this white paper, a comprehensive comparison of the security challenges associated with the cloud-
based Advanced Threat Protection (ATP) systems versus hardware-based Advanced Threat Detection
(ATD) appliances will be conducted. A thorough examination of how each approach addresses
advanced cyber threats and highlights their unique risks and advantages in key areas, including
latency, data privacy, sovereignty, update cycles, threat intelligence integration, scalability, incident
response, and detection accuracy. Real-world case studies across multiple industries (retail,
healthcare, finance, government) will be examined, and the key challenges and lessons learnt through
deploying cloud and on-premise threat defenses will be illustrated. Observation and analysis of
academic research, industry reports, and standards (e.g., NIST CSF, EU NIS2) to find the current best
practices.
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INTRODUCTION

Advanced cyber threats such as zero-day exploits, advanced persistent threats (APTs), and sophisticated
malware have driven organisations to adopt Advanced Threat Protection (ATP) solutions and Advanced
Threat Detection (ATD) technologies to safeguard their systems. ATP is generally an integrated security
solution, designed to detect, respond, and prevent complex attacks in real-time. ATD specifically focuses on
detection-focused tools or hardware that are commonly deployed on-premise. These identify advanced or
stealthy threats that traditional defenses can miss [1]. In reality, the line between ATP and ATD can blur as
both try to uncover and stop advanced threats, but the main distinction, which is emphasized in this paper, is
based on the deployment model: cloud-based deployment vs on-premise hardware-based deployment.

More than 90% of organisations in the current scenario utilize cloud services in some form, which reflects a
massive shift towards cloud-based security and infrastructure [2]. Cloud-based ATP systems have increased
in popularity by offering scalability, ease of deployment, and global threat intelligence [3]. These solutions
can analyze humongous amounts of data and deliver protection across distributed environments by
leveraging vendor-managed cloud infrastructure. Leading cloud ATP services can inspect web traffic and
emails in real-time across global data centers, with the help of advanced analytics and Al to spot any subtle
malicious patterns [3]. This has enabled even smaller organisations to have sophisticated threat detection and
protection without investing in extensive on-premise setups.

Despite this shift to cloud-based services, on-premise hardware-based ATD appliances remain crucial in
many environments, especially in those with stringent security or regulatory requirements. Before the cloud
revolution, dedicated appliances such as sandboxing devices, intrusion detection systems were the standard
for advanced threat detection. These hardware systems continue to offer specific advantages like direct
control of the data, customisation to specific needs, and operation of the systems independent of internet
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connectivity [4]. Industries like finance, healthcare, and government prefer on-prem ATD solutions, so that
sensitive data doesn’t leave their premise, which addresses their compliance and privacy concerns [5]. For
example, European organisations navigating strict data protection laws (GDPR) may require that the threat
analysis occurs in the country or on-site to maintain the sovereignty of the data. Recent regulations, such
as the EU’s NIS2 directive, underscore these concerns by imposing baseline security measures and cross-
border data handling rules for critical sectors [6].

A side-by-side analysis of cloud-based ATP and hardware-based ATD approaches, focusing on the
security challenges and the trade-offs inherent in each. The key factors which will be analysed are latency
and performance, update cycles and patching, privacy and data sovereignty, incident response and forensics,
threat intelligence integration, scalability & flexibility, and the detection accuracy (False
positives/negatives).

CLOUD-BASED ATP SYSTEMS VS HARDWARE ATD APPLIANCES

Cloud-Based Advanced Threat Protection (ATP): Cloud ATP generally refers to security services that are
hosted by third-party providers on the cloud that protect against advanced threats. These services typically
employ a multi-layered defense, network traffic analysis, email filtering, endpoint monitoring, and cloud-
hosted sandboxing of the suspicious files, all integrated and delivered over the internet. The heavy analysis is
done on cloud infrastructure, and organizations benefit from the on-demand computing power and
intelligence from the provider’s customers globally. These services are generally SaaS [7]; examples include
Microsoft Defender for cloud apps, Zscaler’s cloud sandbox, Cisco’s Umbrella/Threat Grid, etc., as well as
many next-gen antivirus/EDR solutions that offload analysis to the cloud. The key characteristics of cloud-
based ATP are:

Off-premise data centers, where analysis is done off-site and an internet connection is needed to send
objects for analysis or telemetry. Global Threat Intelligence, cloud ATP providers aggregate data from
multiple clients, and any new threat is updated to all customers globally in real time [3]. Rapid updates can
be rolled out, including new detection signatures, machine learning models, or patches, continuously and
transparently without user intervention. Scalability, the cloud’s elastic resources allow handling of huge
traffic or analysis workload [2]. There is a lower maintenance overhead as there is no physical equipment
for the customer, reducing the capital expenditure on hardware and shifting costs to pay as you go. Using the
cloud leads to the transfer of data for analysis, which may result in a potential latency impact, which
increases the dependency on the internet.

Hardware-Based Advanced Threat Detection (ATD) Appliances: This approach involves the
deployment of physical appliances on the organisation's premises, which will perform advanced threat
detection. These can be a stand-alone sandbox appliance that will execute the suspicious file in an isolated
VM, an Intrusion Detection/ Prevention System (IDS/IPS) that will inspect the network traffic for any
malicious patterns, or unified threat management devices with advanced threat modules. These are typically
places and installed at strategic network points ( e.g., at gateways, data centers) or integrated with other on-
site security gear. Some examples are FireEye NX series for network threat detection, Fortinet FortiSandbox,
which is available as a physical appliance, Palo Alto Networks WildFire appliance, which is on-prem, and
others [4]. The key characteristics of ATD appliances include:

On-Premises Deployment, where all the analysis is performed locally within the controlled environment. No
internet connection is needed for analysis, which is crucial in highly secure networks where data cannot be
sent out [5]. Data Control and Privacy are key in industries like the government and healthcare sectors.
Sensitive files will never leave the premises during the analysis. Customization is key as hardware-based
ATD solutions can be tailored to the organisation’s specific environment. The teams can also define their
own rules or integrate the appliances with custom workflows, a flexibility which is limited in a multi-
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tenant cloud service. Maintenance and Resources are higher in the hardware-based solutions, as the
organisations are responsible for installing, powering, and updating the appliance. Which means higher
capital costs on hardware and software licenses and operational costs for the upkeep. Latency is not a
problem as the devices are on the local network, and the on-prem analysis is extremely fast. For inline
developments, the appliance can block the threats at wire speed if properly sized. At the same time, heavy
workloads need sufficient processing power. Capacity and scalability become a problem as the physical
appliances have fixed compute and storage resources. Scaling up means purchasing additional units or
upgrades; a sudden increase in traffic can overwhelm the appliances.

Both approaches have the same goal: to identify and stop advanced threats that evade conventional defenses.
They often even use similar techniques, such as sandboxing, as a core to detect previously unseen malware.
Fortinet’s ATP architecture, for instance, allows FortiSandbox to be deployed both as a cloud-based service
and as an on-prem appliance, depending on the customer's needs. Many organisations have opted to use
hybrid models, for example, an on-prem firewall may send the suspicious files to a cloud-based sandbox
service, which combines local control and cloud scalability [7].

Latency and Performance:

Detection Speed vs User Impact: One of the primary considerations in threat protection is how fast a
suspicious activity or a malicious file can be analysed and the verdict returned. Cloud-based ATP systems
leverage the massive computing resources to potentially analyse the threats very quickly, using parallel
processing or Al. For example, Zscaler’s cloud sandbox advertises the ability to inspect files in line without
any added latency, using Al to deliver instant verdicts and block any zero-day malware in real time. In an
optimised cloud service, a file download or email attachment may be scanned in the cloud and allowed
through to the user only with a minor delay [7]. In the same way, a cloud-based detector for command and
control traffic can analyze streams in parallel across the data center to promptly detect threats.

If a cloud ATP must fetch data across the internet for analysis, the network latency becomes a factor.
Organisations are worried about the scenario where a user is downloading a file, but it is still scanning due to
the slow internet speeds, and this may hinder business operations. Many vendors use prefiltering to address
this (e.g., checking the hash against known whitelist/blacklist) while siimultaneously sending it on the
cloud, if the cloud verdict exceeds a certain time, the system can default allow or block based on the policy.
Palo Alto Networks’ firewalls with cloud analysis allow the admin to set maximum wait time (latency) in
milliseconds [8]. In case of delays from the cloud sandbox, the firewall can decide to allow or block the
traffic. This ensures that a slow cloud response doesn’t disrupt the user experience or affect the business
operations, but there is a risk of letting unanalysed files into the system.

As hardware ATD appliances are on the local network, they avoid any internet latency completely. When a
user downloads a file from the local server, an on-premise sandbox appliance can receive and analyze it with
minimal network delay. The primary performance limitation is the processing time of the appliance. Modern
sandbox appliances use fast SSD storage and optimised VMs, but dynamic analysis takes time. To address
this, many systems use a mix of static and dynamic analysis. For example, FortiSandbox uses a two-tier
approach in which a static Al scan can process up to 50 files per second, which gives out an immediate
verdict on known malware signatures, followed by a Dynamic scan for those that need full detonation, which
typically completes within a few seconds more. A delay of 4-5 seconds in scan time is reported, which is
within the acceptable threshold of holding a file before delivering it to the user [4]. This illustrates that an
on-prem solution can operate in near real-time for most traffic, if it intelligently decides which files need
to be further analysed. If the appliance is undersized or dealing with a burst of files, then the system might
queue the files, which increases the delay. As an appliance is a fixed resource, if 1000 files come at once,
they might wait in line unless the device has capacity.
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Evasion Tactics and Time Constraints: Attackers have developed techniques to exploit any latency or
time limitations in their threat analysis. A well-known tactic against sandboxing is delayed execution, where
the malware stays dormant for several minutes, waiting for the sandbox to mark it as benign. Many sandbox
environments run the sample only for a limited time (60-180 seconds) due to throughput constraints [1]. If
the malicious payload sleeps for 5 minutes, it might not be caught. Cloud sandboxes and modern hardware
appliances address this by using instrumentation to detect any stalling techniques or extending analysis time
for suspicious samples. Below is an example of a simple evasion concept with Python that an attacker might
use in malware to detect or delay sandbox analysis:

import time, os

sandbox_indicators = ["VIRTUAL_ENV", "SANDBOX"]

if any(ind in os.environ for ind in sandbox_indicators)
print("Sandbox detected! Sleeping to evade...")
time.sleep(600)

else:

print("No sandbox indicators, proceeding with malicious actions"

In this example, the malware checks environment variables for any hint of a sandbox and sleeps for 10
minutes if it suspects. Actual malware might check for any known sandbox processes, MAC addresses, or
lack of user activity as indicators. A cloud ATP or hardware ATD can handle such tricks; advanced systems
will notice the program calling Sleep() and flag that as suspicious. Both the cloud and on-prem solution face
these evasion tactics, but the cloud-based system can afford to run the sandbox longer or in parallel on
multiple VMs with different clock tweaks, while an on-prem hardware appliance might have rigid time
windows due to resource constraints.

Network Latency vs Local Processing: In threat detection beyond file sandboxing, like detecting the C2
communications or scanning for any flows for exploits, cloud vs on-prem have certain nuances. A cloud-
based ATP means that every packet has to travel to the cloud and back, filtered. This will add latency if the
cloud data center is far away. Techniques like geo-distributed cloud nodes and peering aim to minimize
this [3]. On-prem appliances inspect traffic locally, which only has negligible delay, but if they have to
decrypt and scan content, there is a processing overhead, usually milliseconds per packet. If an on-prem
solution is in line and becomes overwhelmed, it might become a bottleneck; thus, performance planning is
critical in the case of hardware-based security systems [4].

Real-World Perspective: In practice, organizations test the latency impact of both approaches. A case study
in banking has noted that after moving to a cloud-based secure web gateway with sandboxing, the average
file download scanning time was around 1-2 seconds, which is acceptable for the added security. But they
needed to upgrade their internet bandwidth in order to handle sending large files over the cloud efficiently.
In contrast, a government agency with an on-prem ATD hardware configured it to hold files for up to 30
seconds if further analysis is needed, where they prefer a slight delay over the risk of missing any threat [9].
In case of interactive traffic like detecting the exploit code in an HTTP session, the tolerance for the delay is
even lower; cloud and on-prem solutions must largely work in parallel with the traffic flow.

In summary, cloud-based ATP offers immense analytical speed by scaling, but may introduce network
latency issues or reliance on connectivity, whereas the on-prem hardware ATD solutions offer consistent
local performance and immediate control but higher hardware costs and have to be provisioned adequately.
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UPDATE CYCLES AND PATCH MANAGEMENT

It is important to keep the detection capabilities up to date, as new threats emerge constantly. These update
cycles highlight a stark difference in operational model between the cloud services and the on-prem
hardware.

Cloud ATP — Continuous Updates: Cloud-based ATP solutions generally handle all the signature updates,
model retraining, and system patches centrally. Users and customers benefit from the continuous deployment
of the improvements [3]. For example, if a cloud ATP provider’s researchers discover a new malware
signature or develop they can deploy it across the cloud platform immediately, giving their customers instant
protection against new threats without doing anything. It's common for the cloud security products to update
their signatures once a day. In July 2024, an update to CrowdStrike’s Falcon was deployed globally and
contained a faulty signature file; this bad update caused numerous Windows systems to crash
simultaneously. This continuous update system provides higher security, but at the same time, it means
less time for the vendors to test their updates. This cloud-management system propagated a bug at
lightning speed, leading to a global outage affecting banks, airlines, hospitals, and even government offices.
Even on-prem vendors have has similar issues, McAfee’s 2010 update has misidentified a Windows system
file as malware and cripple hundreds of thousands of PCs [11]. The main difference is that on-prem updates
often require admins to approve and deploy, whereas the cloud updates propagate automatically [10].
According to the customer, a cloud-based ATP translates to minimal effort to stay updated. They don’t need
to schedule patch installations or any signature downloads; this is advantageous in case of small teams. New
detection capabilities are rolled out extremely fast, even before the exploit reaches the organisation. Cloud
ATPs generally have an automatic feedback loop; when one customer encounters malware, the intelligence is
fed to the cloud, and the global database is updated [3].

HARDWARE ATD - PERIODIC UPDATES AND MAINTENANCE WINDOWS

In case of an on-prem hardware ATD, the appliance typically requires regular updates to its threat database
(signatures, heuristics) and periodic software updates for its detection engine. Most vendors provide update
packages that can be downloaded daily or weekly. A next-gen firewall or sandbox may get daily signature
updates and less frequent engine updates; the admins are responsible for ensuring timely updates are applied.
Appliances can be set to auto-download the threat intel periodically from the server, and this is similar in
terms of speed to cloud and major OS upgrades need to be scheduled, tested on a staging appliance, and
executed in maintenance windows to ensure business continuity [12]. The gap between the update cycles can
be longer for on-prem solutions, in practice well well-resourced security teams keep their systems updated
promptly.

In case of zero-day attacks, cloud providers have to provide a timely update detection in hours and update
everyone. In case of on-prem hardware, the vendor has to release an emergency signature update, and if
customer action is involved in approving the update, there can be a lag. Some modern-day appliances try to
emulate cloud agility by having cloud connectivity for updates and even hybrid analysis [3].

Case Study - Patch Management Pain: In a large enterprise, at one point, they deferred upgrading the
system software because the initial release had some bugs. A new malware variant attacked the network
during that time, the existing signatures couldn’t catch it, and the detection engine was not up to date. In
hindsight, not installing the update left them exposed; in contrast, cloud systems were protected. This
demonstrates the tradeoff that cloud gives speed and on-premises gives control [13].

Firmware and Hardware Updates: Hardware ATD appliances eventually face the hardware lifecycle
problems and might need to be updated to a newer model to keep up with threats. Cloud ATP customers
offload the updating costs to the provider, and the cloud service will upgrade its hardware in data centers.
Apart from the cost consideration, an underpowered appliance can not run a new, computationally heavy
detection algorithm. Cloud services can incorporate heavy analytics by scaling on cloud instances.
Standards & Best Practice: Frameworks such as NIST CSF emphasize the importance of timely threat
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detection. NIST CSF v2.0 explicitly recommends having malware detection capabilities such as sandboxing
and advanced analytics. From the standpoint of compliance, organisations have to display the ability to
promptly apply threat intelligence updates. Cloud services inherently follow this by design, while on-
premises need to often document their patch management process to auditors [6].

Cloud ATP offers effortless, continuous updates ensuring the latest protection, but it requires trust in the
provider’s update quality without bugs, whereas hardware ATD needs a proactive approach to apply updates,
but with the benefit of local control and testing.

PRIVACY AND DATA SOVEREIGNITY

Data privacy and sovereignty concerns become the decisive factors in choosing between the cloud and on-
prem solutions. The impact of the confidentiality of data being protected and compliance with the laws of
data storage needs to be considered.

Cloud ATP Privacy Considerations: Using a cloud-based threat protection service, sensitive data is
transmitted and processed on the cloud, and the access of data, cloud regulations like HIPAA and GDPR
need to be considered [5]. Vendors address these concerns with strong privacy measures, some sandbox
services anonymize data and purge files after the analysis. Providers also implement encryption in transit
(TLS); despite the measure, there is an inherent trust that the client has to place in the provider [6].

Data Residency and Sovereignty: Many countries have laws requiring certain data to stay within national
borders. Offshore cloud ATP service data centers become a problem, so vendors offer to store the data
locally according to the geographical location. Zscaler advertises global edge nodes so that data can be
handled in any needed jurisdiction. The infamous Schrems II ruling (2020) in the EU invalidated certain EU-
US data transfer arrangements, raising questions about using US-based cloud services for personal data. This
has driven some organizations to prefer on-prem or EU-local solutions for anything involving
personally identifiable information [14].

On-Premises ATD Privacy Advantages: With on-prem hardware ATD systems, sensitive data never leaves
the organisation and stays in a controlled environment, which inherently solves many sovereignty issues. In
industries like healthcare, dealing with patient records, or government agencies, this is often non-negotiable
[14]. In addition, custom compliance controls can be implemented on-prem, the security team can enforce
how long the logs are maintained, how the data is sanitized, etc., to meet the compliance standards such as
ISO 27001. On-prem solutions also avoid any chance of third-party subpoenas to the security provider for
the organisation’s data, which is a concern under the US CLOUD Act, mitigating the external legal reach
[15].

Real-World Scenarios:

Finance Industry: Banks are extremely cautious when it comes to customer data being exposed. One large
bank has opted for an on-prem solution across its global branches because of strict data residency rules. They
used a solution that can operate fully offline, ingesting threat intel via controlled updates to satisfy
regulators. It has been reported that this particular on-prem system successfully detected previously unknown
threats with advanced machine learning, proving that cutting-edge detection can be achieved without cloud
connectivity [13].

European Union Compliance: Compliance frameworks such as GDPR and Schrems II, made EU
companies re-evaluate US-based cloud security services. Some switched to EU-based cloud data centers
or moved to on-prem. A German automotive firm kept its email filtering on the cloud and moved its
endpoint ATP on-prem, as endpoint detection involved processing employee data. This hybrid approach has
balanced risk [14].
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Public Sector: Government defense networks mostly mandate that no external systems have any
access/visibility into their traffic, for national security reasons. They rely completely on on-prem hardware
for threat detection. The downside is that they can’t leverage cloud intelligence, and information sharing is
slower. There have been instances where the government entities made exceptions and have used a cloud
email security service for unclassified email, but later had to stop when it was highlighted that the emails
were routed through a foreign cloud [15].

If privacy and data sovereignty are key concerns, hardware/on-prem ATD solutions offer a clear advantage
by keeping the data in-house. Cloud ATP solutions try to mitigate these concerns by regional hosting,
encryption, and strict compliance. The decision boils down to the risk appetite, for highly sensitive data
organisations lean towards on-prem ATD, for less sensitive or anonymised data, cloud ATP might outweigh
privacy concerns.

INCIDENT RESPONSE AND FORENSICS

After the occurrence of a security incident, say a malware is detected on a device and malicious activity is
flagged, the incident response approach and forensic investigation can differ between cloud-based and on-
prem solutions, because of the data availability and tool integration.

Cloud ATP - Centralized Visibility: Cloud-based ATP systems offer a unified portal in which the security
teams can see all the alerts, affected assets, and perform adequate response actions. The cloud service
aggregates the data across the enterprise and can serve as a one-stop shop for incident analysts. For instance,
if a malicious file has been emailed to an employee and moved laterally in the network, a well-integrated
cloud ATP might show the initial email event, the endpoint detection on the user’s machine, and any
subsequent propagation all in a single dashboard. Threat intel integration also plays a role where the cloud
services automatically enrich alerts with context, drawing from the global knowledge base. From an IR
perspective, cloud ATP can expedite response actions at scale. Many such services allow analysts to take
actions such as quarantining the endpoint, blocking a file hash organisation wide, or updating the global
blacklist, with a click in the cloud console. This becomes extremely powerful in fast-moving incidents

[31 9]

If the network is compromised, the attacker might try to erase local logs or disable on-prem systems.
Whereas in a cloud service, all the logs and alerts are stored off-site, and the attackers cannot cover their
tracks. For example, in a 2022 incident in an organisation, the adversary managed to gain admin access and
they tried to delete endpoint security logs, but as the organization has cloud EDR, critical telemetry has
already been uploaded to the cloud. One challenge, however, is data volume and retention [13]. Cloud
services might not retain detailed telemetry for long periods (unless you pay for it) or may sample some
data.

Organizations with strict forensic retention needs might still forward cloud logs to their own Security
Information and Event Management (SIEM) systems or storage [16].

On-Prem ATD - Local Control of Evidence: All incident logs reside within the organisation, which
simplifies forensic tasks, and investigators have direct access to raw data sources. An advanced threat
appliance can record the network sessions around an alert, and the analyst can pull from the device for
deeper analysis in Wireshark or similar tools. One downside is that the evidence could be lost if not handled
properly; if the attacker knows the hardware present in the organization, they might try to tamper with it, in
case of sophisticated intruders [15].

Collaboration and Remote Access: Auditors are not always on-site, and they can investigate from
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anywhere by logging into the portal. On-prem systems can be made remotely accessible via VPN, but it is an
extra step. During COVID-19, many security teams found value in the cloud-based security management
systems as they could manage everything from home and could still triage alerts and responses [16].

Containment and Response Actions: On-prem appliances take automated actions within the network; for
instance, an inline device can block traffic, or an endpoint agent managed on-prem can isolate a host. The
difference when compared to the cloud is not capability but speed and scope. Cloud-orchestrated response
can propagate instantly to all the connected elements globally. On-prem solutions might require sending
commands to each device.

Case Studies:

Target Breach (2013): Missed Alerts and Alert Fatigue In the infamous Target breach, the company had a
powerful malware detection tool (FireEye) that flagged the attack early. The alert labeled
“malware.binary” was real, but it got lost among hundreds of daily notifications. As a result, attackers stole
data from 40 million cards. The case highlights alert fatigue, the risks of relying solely on manual
triage, and the importance of having clear incident response workflows. Had this been in a modern cloud
setup, global threat intel or cross-tenant alert correlation might have helped flag the threat more clearly

[9].

NotPetya (2017): Speed of Response Matters

When NotPetya hit in 2017, many companies detected the malware locally but couldn’t stop it from
spreading fast. Cloud-managed EDRs proved more effective, once one endpoint flagged the behavior,
blocking rules were rolled out across the network within minutes. One logistics firm credited their cloud
EDR for halting a second wave that could’ve caused even more damage. The key difference was speed:
centralized cloud responses outpaced slower, manual on-prem processes [9].

Cloud vs. On-Prem in Forensics

Cloud security tools are also making forensics easier. If a malicious hash has been discovered, the cloud
platform instantly lets the defenders check all the endpoints to see where it ran. On-premises rely on a SIEM
to perform this. In case of smaller teams, the built-in analytics can provide deeper insight.

Cloud ATP systems can enhance incident response through centralised, remote visibility and rapid global
response. Evidence is stored in an off-site location, making it a boon for investigators. On-prem ATD
appliances give full ownership of the incident data and better control within the environment, and the
reliance on the internal team’s efficiency is higher.

THREAT INTELLIGENCE AND INTEGRATION
Advanced threat intelligence leverages information across the globe about new malware, suspicious
indicators, attacker tactics, etc.

Global Threat Feed Integration: Cloud-based ATP providers incorporate massive threat intelligence feeds,
as they learn from one customer’s encounter to protect others. Microsoft’s ATP infrastructure uses data from
millions of endpoints and cloud services. If a new virus is identified on one machine, signatures are
immediately updated throughout the globe across its customers [3].

Hardware ATD appliances depend upon the subscription threat feeds from the vendors; some vendors give
out daily updates. Beyond that, on-prem solutions can be limited to what they face locally. Enterprises often
integrate their threat intelligence sources into their on-prem tools. Some hardware appliances allow
uploading custom threat indicators or connecting to threat intel platforms, but require extra setup. The
difference is the speed and automation; a cloud native solution can block threats in real-time, but an on-prem
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might get it in the next update cycle, and a defender to manually install updates [17].

Integration with Other Security Tools: Modern-day security operations involve multiple tools, SIEMs,
SOAR platforms, case management, etc. Cloud ATP solutions offer APIs to pull data. For example, a cloud
ATP might have a REST API where the analyst queries alerts or submits new files for analysis. This makes
it possible to integrate with a SIEM or automate workflows. However, there can be limitations like API rate
limits or data scope that is accessible. On-prem appliances have more direct integrations into the ecosystem,
integration with external systems is possible too, many appliances can send logs to SIEM via syslog, or some
[17].

Scalability of Threat Intelligence: In terms of volume, the cloud platform can store and analyse petabytes
of data. They can run big data analytics to find patterns. On-prem deployment is restricted by local storage
and computing, and mostly keeps a limited window of logs and metadata. Organisations mitigate this by
using a central log repository. Organisations can push selective data to a cloud analytics platform; they might
run an on-prem sandbox but still upload the report to a cloud-based threat intelligence platform. For
example, threat intelligence can be used via API the organization has a cloud threat intel service, a threat
lookup can be integrated in a custom script. In the snippet below, querying is simulated into a cloud threat
intelligence service for a file hash.

import requests

hash_value = "d41dB8cd98f00b204e9800998e

url = f"https://api.threatcloud.e

N>"}

headers = {"Authorization": “Bearer <AP
response = requests.get(url, headers=headers)

if response.status_code == 260:
data = response.json()
verdict = data.get("verdict")

print(f"Cloud ATP verdict for file {hash_value}: {verdict}")

else:

print("Lookup failed or hash not found in threat database")

Standards and Community Intel: Industry standards like STIX/TAXII are used for threat intel sharing.
Cloud services feed into these, for example, a cloud ATP can automatically pull indicators of compromise
from a government CERT feed to update. An on-prem system can perform similarly if configured.

False Positive Handling: False positives can be an issue while integrating threat intel, for example, shared
indicators might flag benign activity in the organisation’s environment. Cloud providers validate and apply
reputation logic to the intel, and they can measure false positive rates across the customers to adjust. In case
of on-prem solutions, the organisation might end up with an indicator that does not apply well to the
environment until manually tuned out.

One advantage of on-prem solutions is that the organisation can choose which intel to trust or apply.

Overall, cloud ATP provides a richer and more automated threat intelligence integration out of the box,
moving much of the threat research to the provider’s cloud analytics. Whereas on-prem solutions rely on
vendor updates and the organisation’s integrations of threat intel. So it boils down to the industry we are
talking about, as some prefer control and sensitivity of the data given by on-prem solutions, while others
need the quick learning and updates of the cloud solutions.

SCALABILITY AND FLEXIBILITY
Scalability is about how easily a solution can handle growth when there is an increase in users, data, or
locations, while flexibility is how well the system adapts to changing needs.
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Cloud ATPs are built for scale; for example, if you need to add a thousand users, you just need to license
them, and the vendor will handle the rest. It can be Black Friday traffic or remote work surges, cloud
platforms expand automatically [2]. Latest features like Al-based threat detection roll out instantly without
any effort from the customer's side. Cloud systems are globally scalable; for example, if a new office is
opened in Asia, users can easily connect via a local cloud region. There is no need for any hardware shipping
or infrastructure expansion [7].

On-prem ATD scales through hardware, to add more appliances or upgrade takes time, budget, and planning.
Clustered setups can share the load, but that comes with maintenance and certain limitations. Unlike cloud
solutions, on-prem solutions cannot scale down easily; the organizations are paying for the capacity whether
they use it or not [4].

When it comes to the flexibility of the systems, on-prem solutions allow deep customisation, sandbox
behavior can be tweaked, integrate with unique internal workflows, and analyse custom file types. Cloud
ATP is a one-size-fits-all solution with limited ability to customise or change detection logic. Cloud solution
providers offer hybrid setups for sensitive data, like Microsoft Defender, which can be run partly on-prem.
Cloud ATP is also better suited for today’s work realities, as it follows users across devices and geographies,
unlike on-prem tools that rely on centralised traffic routing or VPNs.

Cost wise the cloud is flexible with a pay-as-you-go model, but at massive scale usage usage-based
pricing adds up.

Large-scale enterprises generally find on-prem solutions cheaper and predictable in the long run, especially
for high-volume analysis. Cloud solutions can scale on demand and no upfront costs. Future proofing also
becomes easier with cloud solutions, providers can push out updates and integrate with evolving technology,
such as [oT and Al threat detection, much faster. In short, cloud ATP offers seamless scalability, rapid
deployment, and location-independent protection. On-prem ATD offers deeper customisation and control,
but needs more investment and infrastructure [18]. Choosing the right one depends on your organization’s
pace of growth, security needs, and ability to manage complexity.

FALSE POSITIVES & NEGATIVES: TUNING ACCURACY IN CLOUD VS. ON-PREM
SOLUTIONS

No security solution is flawless; sometimes legitimate actions will be flagged incorrectly as threats (false
positives), while some actual threats can sneak undetected 9false negatives). The management of these by
cloud ATP and on-prem hardware ATD solutions directly affects the operational workload and risk.

False Positives (FPs): High false positive rates overwhelm the security teams, cloud-based ATP solutions
are often better at reducing the false positive rate because they keep learning from their broad dataset.
Behavioral whitelisting also helps in cloud ATP, for example, cloud systems may recognize odd but
expected behaviors across multiple clients, whereas an on-prem system can flag them repeatedly. On-prem
systems give more control but require manual tuning. The admin needs to whitelist files, protocols, or
actions to reduce noise while allowing precision, which is time-consuming [4] [13].

False Negatives (FNs): Cloud ATP is more updated about the current threat landscape and has the resources
to run multiple detection engines or Al models. On-prem ATD might miss certain threats if not updated
regularly or lack the computational power needed. In some cases, on-prem teams can detect niche threats
better as they know the environment well, and custom rules for behaviors can be written [1] [13].

Tuning and Sensitivity: Both cloud and on-prem solutions offer some level of customization but vary in
depth. On-prem solutions let the organisations configure how aggressive detection needs to be, while the
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cloud services are often set to default [4].

User Disruption from FPs: False alarms can block legitimate applications or files, which disrupt
business operations. That is the reason many organisations are hesitant to enable auto-blocking. Cloud
vendors who have better context and broader visibility are more confident in security automation, such as
auto-quarantining phishing emails with low false positive rates [3] [9].

Cloud ATP offers lower FPs and faster updates by leveraging massive datasets, but the customisation is
limited. While on-prem gives full control, which is great for tuning to the organisation’s specific
environment, it takes more effort. The best results often come from blending both the global intel for
accuracy and local expertise for precision. The key is having clear processes to respond [17].

CASE STUDIES: CLOUD ATP VS. HARDWARE-BASED ATD

Retail - Target Breach (2013): Target was using a top-tier on-prem hardware ATD (FireEye) solution,
which flagged an attack but was buried among many other alerts and ignored. Auto-blocking of such attacks
was disabled in the system because of multiple false positives previously, and this allowed the breach to be
successful. This incident had sparked an industry-wide discussion about alert fatigue and the risk that comes
with disabling protections. Since then, many firms have adopted smarter automation and cloud-based
alert triage to avoid missing critical signals [9].

Finance - Global Bank’s Hybrid Approach: A Certain multinational bank had cloud ATP for email and
intel sharing with on-prem hardware for regulatory compliance. Once a novel threat had hit one of their on-
prem systems, and they shared anonymised indicators to the cloud, which helped others. Similarly, intel
from the cloud helped the organisation detect threats early on. The hybrid approach works well when
designed and integrated properly. The organisation's investment in SOAR tools made cloud and on-prem
systems collaborate effectively [13].

Healthcare - Hospital Ransomware Defense: A hospital with limited staff was using cloud ATP for most
endpoints but kept an on-site sandbox for sensitive files. When the WannaCry outbreak happened, the cloud
agent stopped the lateral spread, through one legacy medical device, which was not cloud-compatible, got
hit. Cloud ATP offers faster response, but legacy systems need on-prem protection. The hospital later added
a network-based virtual ATP to cover these gaps [20].

Government - Air-Gapped Environment: A defense agency has detected malware through on-prem
hardware ATD, and the threat was introduced via USB. But the early signs were not flagged due to noisy
alerts. The agency later built a private cloud analytics platform for better visibility. In closed networks, the
organisations have to rely on threat intelligence and tuning; cloud-like functionality can still be achieved
with the right investment in internal tooling [15].

Small Business - Design Firm with No IT Team: A firm with 50 employees was hit by malware, and they
later shifted to cloud ATP with managed response. This provided consistent protection and expert support,
even though a few false positives occurred; they were manageable. In case of small teams, cloud ATP offers
enterprise-grade defense without having in-house expertise [18].

CONCLUSION

Cloud-based ATP systems and hardware on-prem ATD appliances represent two powerful and
fundamentally different approaches to handling threats and an organisation’s defense. Each approach brings
distinct strengths to the table, and each has its fair share of trade-offs that the security teams must
carefully weigh in the specific context of the organisation’s environment.

Cloud ATP stands out for its speed, scalability, and access to global threat intelligence. It allows
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organisations to move fast, stay updated, and manage threats at scale without being held back by hardware
or manual maintenance. Many modern businesses, especially are operating in cloud-native and remote-first
models, cloud ATP provides robust, integrated protection with minimal overhead. However, the cloud ATP
model requires trust in the service provider, their protocols, and that device compliance is accurate, that data
privacy is respected, and that any outages or bad updates will be handled transparently.

In case of hardware-based ATD, it offers control, customisation, and data sovereignty that cloud solutions
often cannot match. In organisational environments where data has to stay local, because of regulatory,
privacy, or operational concerns, on-prem solutions are indispensable. They allow for deeper tuning, full
forensic access, and also align with legacy infrastructure. At the same time, the control comes with
responsibility; the security teams are responsible for tuning, updating the system, and scaling has to be
managed internally. This demands resources, expertise, and discipline.

In this paper, critical areas are explored, such as latency, updates, privacy, incident response, threat
intelligence, scalability, and detection accuracy, where both cloud and on-prem approaches differ. Neither
one of the models is universally better; rather, they complement each other. In fact, effective security
strategies take a hybrid approach, where a mix of cloud-based ATP to protect distributed assets and gain
global insight, while deploying on-prem ATD to secure sensitive environments, is used to tailor defenses to
the specific needs of the organisation.

Real-world examples range from large banks and hospitals to design firms and government agencies,
showing that success lies not in choosing one model over the other, but in aligning the strengths of each with
the organisation’s structure, risk profile, and strategic goals. Cloud brings agility and reach, on-prem brings
precision and control. When layered thoughtfully, they form a resilient defense-in-depth architecture that
can adapt to evolving threats.
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