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Executive Summary

Pharmaceutical Manufacturing Execution Systems (MES) are specialized software suites that manage, monitor, and
synchronize the conversion of raw materials into finished drug products (") vwww.gartner.com). Modern pharma MES
solutions must support electronic batch records (EBR), strict regulatory compliance (FDA 21 CFR Part 11, EU GMP
Annex 11), and integration with enterprise (ERP) and automation systems (1! gcom.pdo.aws.gartner.com)
(www.pharmagmp.in). The global pharma MES market is rapidly expanding — for example, MarketsandMarkets forecasts
growth from about $2.4 billion in 2025 to over $4.6 billion by 2030 (=14% CAGR) driven by regulatory demand for
electronic records and digitalization of manufacturing (°) www.marketsandmarkets.com). Key trends include a shift to cloud
and composable architectures, advanced analytics/Al, and digital twins (“/ vwww.linkedin.com) (!

www.rockwellautomation.com) (‘O] www.marketsandmarkets.com).

This report compares four leading pharma MES offerings: Werum PAS-X, Tulip Platform, MasterControl
Manufacturing Excellence (Mx), and Rockwell FactoryTalk PharmaSuite. Werum PAS-X (by Korber Pharma) is a
long-established, industry-standard MES “covering the entire production cycle” for pharmaceuticals, with deep support for
batch processes and regulatory compliance (*) gcom.pdo.aws.gartner.com). Tulip’s platform is a cloud-native, no-code
“composable MES” aimed at agile deployments; it emphasizes rapid implementation (often in ~90 days) and intuitive
interfaces for shopfloor workers (I’ www.gartner.com) () tulip.co). MasterControl’s Mx is a cloud MES built as an extension
of its QMS, marketing itself as a “modern, cloud-based alternative” to complex legacy MES with fast deployment and Al
features (°! www.mastercontrol.com) (M9 www.gartner.com). PharmaSuite (Rockwell Automation) is a purpose-built MES for
pharmaceutical manufacturing, recently reengineered into version 12.0 with Kubernetes containers and enhanced

cybersecurity ([51 www.rockwellautomation.com) ([111 www.rockwellautomation.com).

Each system has strengths: PAS-X is highly modular and deeply validated for large, highly regulated operations; Tulip
shines in ease-of-use and configurability for frontline digitization; MasterControl integrates quality and production data
with rapid rollout; PharmaSuite blends on-prem and cloud flexibility with end-to-end control. All four claim support for Part
11/Annex 11 and GxP data integrity (ALCOA+), but differ sharply in architecture, implementation time, and user
experience. For example, PAS-X traditionally requires lengthy projects and expert consultants, whereas Tulip and
MasterControl advertise implementations measured in weeks and ROI in mere months (°! tulip.co) (**!
www.mastercontrol.com). Independent user reviews echo this: one multinational pharma reported reducing a complex line
changeover from 14 days to just 3 days after deploying Tulip-driven digital SOPs ("** tulip.co), while PAS-X users note it
can be “rigid” and costly to upgrade (*“! gcom.pdo.aws.gartner.com).

Comprehensive feature comparisons (summarized in Tables 1-2) reveal trade-offs among these platforms. For instance,
all four provide electronic batch records, track-and-trace, and integration with ERP/ QMS, but PAS-X and PharmaSuite
are engineered for large-scale batch/discrete facilities, whereas Tulip’s composable approach favors agility and factory-
floor autonomy. MasterControl's Mx emphasizes out-of-the-box quality compliance and Al-driven analysis of
manufacturing data. Market metrics reflect these distinctions: Tulip and MasterControl enjoy high peer-scores (~4.5/5) for
usability, while PAS-X leads in pure compliance scope and pharma market share (1! gcom.pdo.aws.gartner.com) ()

www.gartner.com).

Moving forward, pharma manufacturers face further digitalization imperatives: integration of Industry 4.0 technologies
like 10T and Al, enabling predictive quality and real-time decision-making ("' www.worldpharmatoday.com) (!
www.marketsandmarkets.com). Systems will increasingly need to be cloud- and container-ready (as seen in PAS-X 3.4 and
PharmaSuite 12.0) to support global operations and dynamic scaling (*") www.koerber-pharma.com) ()
www.rockwellautomation.com). This analysis draws on vendor materials, industry reports, peer-review feedback, and case
studies to present an in-depth, evidence-based comparison. The findings illustrate that no single MES is “best” for all
scenarios; the optimal choice depends on factors like company size, existing IT infrastructure, regulatory risk tolerance,
and change management capability. We conclude by identifying emerging trends (digital twins, Al-enhanced QA, unified
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QMS/MES suites) and discussing how each of the four solutions is positioned to meet future pharma manufacturing
challenges.

Introduction and Background

Manufacturing Execution Systems (MES) have long been recognized as specialist production software that
coordinates shop-floor operations with higher-level business systems. Gartner defines MES as systems that “manage,
monitor and synchronize the execution of real-time physical processes” that transform raw materials into finished goods,
coordinating work orders with production scheduling, ERP, PLM and quality systems (! www.gartner.com).MES provide
critical functionality such as electronic batch record (EBR) management, equipment monitoring, material tracking, and
process reporting, all with full traceability (*) gcom.pdo.aws.gartner.com). In pharmaceutical manufacturing, the role of
MES is even more vital: it ensures regulated products are produced efficiently and without error, while maintaining
compliance with strict cGMP rules (21 CFR Part 11 in the US, EU Annex 11, etc.).

The pharmaceutical sector has traditionally relied on very controlled, paper-based procedures. Yet the last decade has

seen a push toward digital transformation (“Pharma 4.0"), applying Industry 4.0 principles to drug manufacturing (*°
www.worldpharmatoday.com). As one industry editorial notes, Pharma 4.0 envisions data integration, artificial intelligence,
and digital twins to enable real-time decision-making and autonomous process optimization (\*°
www.worldpharmatoday.com). Whereas in the past “quality assurance” was retrospective and manual, modern trends
demand real-time quality analytics and paperless operations. For example, MasterControl highlights that up to 70% of
manufacturing lead time in life-sciences can be consumed by conventional quality testing and batch release, reflecting
a critical “digital divide” between production and quality systems () www.mastercontrol.com). MES platforms are central to
bridging this divide by embedding QA = QC checkpoints directly into the workflow, thus rapidly closing the gap between

production and release.

Market analysts report that regulatory and technological forces are driving explosive growth in pharma MES
investments. A MarketsandMarkets report (Mar 2026) projects the pharmaceutical MES market will grow from about USD
2.37 billion in 2025 to roughly USD 4.6-4.7 billion by 2030 (CAGR ~14%) (! www.marketsandmarkets.com). Key growth
drivers include stringent e-record regulations, rising biologics/vaccine production, demand for EBR systems, and general
plant digitization. Notably, the same report predicts cloud-deployment will “dominate the market,” as life-science
manufacturers embrace cloud/hybrid MES architectures, Al-enabled predictive quality, and automated batch review (/!
www.marketsandmarkets.com) (°) www.marketsandmarkets.com). These trends align with broader industry shifts: experts
observe that traditional on-premises MES are often “too expensive, complex, and rigid” for modern needs, spurring
migration to modular, software-as-a-service solutions (“! www.linkedin.com) (°) vwww.mastercontrol.com).

For context, it is useful to briefly review the evolution of MES in pharma. Early pharma MES in the 1990s were often
laboratory or batch-oriented systems, focusing on paperless batch records for compliance. Over time, MES functionality
expanded to cover full batch lifecycle management, equipment management, OEE monitoring, and interlocks with
automation (DCS/SCADA). Vendors tailored features for various segments — e.g. batch formulators, biotech, sterile
injectables, or solid-dose — but the core goals remained: to reduce human errors, ensure “right-first-time” processing, and
provide an audit-ready record of each batch.

Key regulatory factors shaped MES requirements. Since the 2000s, FDA's 21 CFR Part 11 (electronic
records/signatures) and EMA's Annex 11 have mandated that computerized systems in GMP environments must ensure
data integrity and security. Regulatory guidance emphasizes ALCOA+ data standards (data must be Attributable,
Legible, Contemporaneous, Original, Accurate, and the “+” adds Complete, Consistent, Enduring, and Available)
(www.pharmagmp.in). Consequently, any modern pharma MES must provide secure login, audit trails, electronic
signatures, and validated data-handling processes. Indeed, industry tutorials assert that full alignment of EU Annex 11
with 21 CFR 11 is “paramount” for manufacturers moving to fully electronic GxP records (www.pharmagmp.in).
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Another background note: MES typically fit into a tiered architecture (often called ISA-95 levels). MES sits at Level 3
(operations management) bridging Level 4 (ERP) to Level 2 (process/automation). Thus, seamless integration with ERP,
LIMS (Laboratory Info Management), QMS (Quality Management Systems) and PLC/DCS on the plant floor is critical. A
recent review highlights interoperability concerns: ensuring that ERP-based production recipes match regulatory
“Marketing Authorizations” requires robust data exchange and validation (! arxiv.org). In sum, a pharma MES must be
both technologically capable and fully compliant — a challenging combination.

This report will examine each of the four MES solutions (Werum PAS-X, Tulip, MasterControl, PharmaSuite) in this
context. We will assess features, architecture, regulatory compliance, user experience, and implementation metrics,
backed by data from vendors, user reviews, case histories, and industry research. Where possible we provide
guantitative evidence such as implementation timelines and performance improvements. We aim for an objective, in-
depth analysis that aids decision-makers in understanding which MES may best suit their specific manufacturing

scenario.

Industry Trends and Requirements

Pharma 4.0 and Digital Transformation

The advent of Pharma 4.0 has been widely discussed in industry literature. Unlike legacy manufacturing that leaned on
stable, paper-based protocols, Pharma 4.0 leverages real-time data and advanced analytics. A recent article
characterizes Pharma 4.0 as a “fundamental reimagining” of pharmaceutical production, employing data integration,
artificial intelligence, digital twins, and predictive quality systems to achieve “unprecedented levels of manufacturing
excellence” (*°) vwww.worldpharmatoday.com). These technologies promise real-time decision-making and even
autonomous process adjustments. For example, digital twins (virtual plant models) are being developed to simulate
biopharma processes, though integrating operators without overwhelming complexity remains a challenge (**/ arxiv.org).

In practical terms, this means MES solutions are increasingly expected to incorporate smart technologies. Nearly all
vendors now advertise Al components: Koerber's PAS-X 3.4 “Al support” for analytics (*") www.koerber-pharma.com),
MasterControl touts an “Al-driven” manufacturing platform (*°) vww.gartner.com), and market analysts note the rising
integration of Al for predictive quality control and automated review of batch records (I° www.marketsandmarkets.com).
Moreover, cloud computing has become a key trend. As industry experts note, monolithic on-premise MES cannot scale
easily for multi-site biomanufacturing or rapid tech transfers (! www.linkedin.com). Cloud MES offer elastic scalability,
continuous update cycles, and global data harmonization. Thomas Halfmann of Werum observes that cloud MES
address on-prem limitations by providing “elastic scale & performance” and “lower total cost of ownership” (*
www.linkedin.com). Indeed, MasterControl highlights how its cloud solution can be rolled out in weeks (vs. years) and

deliver ROI within months (*?) www.mastercontrol.com).

Other Industry 4.0 enablers are also relevant. Regulatory authorities encourage integrated analytics for quality and risk
management, so MES systems are adding features like automated deviation detection, electronic logbooks, and closed-
loop CAPA workflows. Internet-of-Things (IloT) connectivity (via OPC UA, MQTT etc.) is increasingly incorporated into
MES for real-time equipment monitoring. The market report notes that advanced analytics and “loT-enabled equipment
connectivity” are transforming production and accelerating MES adoption (! www.marketsandmarkets.com). The goal is to
turn raw shop-floor data into actionable insights (e.g. overall equipment effectiveness (OEE) dashboards, first-pass yield
metrics, predictive maintenance alerts) with minimal delay.

The COVID-19 pandemic further underscored these needs. Although not covered in existing peer-reviewed literature in
detail, industry commentary suggests that the pandemic exposed supply-chain fragility and the need for digital agility.
Many pharma manufacturers accelerated digital projects to improve visibility and flexibility under lockdowns. Thus, post-
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2020, the urgency to deploy cloud-based MES and paperless systems has arguably increased, aligning with the
aforementioned growth forecasts.

Regulatory Compliance

Any MES selection in pharma must prioritize compliance capabilities. Core requirements include:

« Electronic Records & Signatures (21 CFR Part 11 / Annex 11): The system must enforce unique user IDs, password controls,
electronic signature capture for GMP-relevant actions, and audit trails on all critical operations. Both Tulip and Werum explicitly state out-

of-the-box support for Part 11/Annex 11 controls ([22] tulip.co) . Tulip’s pharma MES, for example, is advertised as “audit-ready” and
“easily validated” in compliance with 21 CFR Part 11 ([23] tulip.co). MasterControl’s Mx, by design, merges QMS and MES, inherently
providing e-signatures and validation tools across both domains.

« Data Integrity (ALCOA+): Systems must ensure data are Attributable, Legible, Contemporaneous, Original and Accurate, plus Complete,
Consistent, Enduring, and Available. Thus the MES should prevent unauthorized changes, timestamp records, and preserve original
values. Industry guidance stresses ALCOA+ as the bedrock of compliance (www.pharmagmp.in). In practice, this means any automated
data transformations (e.g. unit conversions, rounding) must be transparent, and the system must alert users to incomplete or inconsistent
data entries.

o Validation: The MES itself must be validated under GMP (CSV - Computer System Validation). This includes qualification of software
installation, IQ/OQ/PQ test scripts, and lifecycle change control. Vendors often provide validation plans or even automated validation tools
to ease this. For example, Rockwell's PharmaSuite 12.0 introduces MICKA, a “new setup tool” that automates installation and validation
steps to reduce manual effort (! vy rockwellautomation.com). MasterControl touts patented tools to reduce validation time from

weeks to minutes in its platform and Al offerings ([Zﬁﬂ www.mastercontrol.com). In any case, the choice of MES includes evaluating how
easily the software can be qualified for GxP (e.g. how many test scripts vs. code modifications per release).

o Quality Integration: At minimum, the MES should integrate or interface with downstream quality processes. Many batch processes
culminate in QC testing and review. Modern MES often include deviation and CAPA management, or seamlessly link to a QMS. Werum
PAS-X, for instance, has built-in support for “Review by exception” (batch record review) and ties into quality systems ([25]
www.rockwellautomation.com). MasterControl’s Mx explicitly claims to “unify manufacturing operations and quality” in one platform ([26]
www.mastercontrol.com). Selecting an MES may therefore depend on whether an organization wants separate QMS/MES or a unified
system.

« Traceability: Product and component traceability is mandated (e.g. U.S. serialization laws). MES typically manage material lot and
container IDs, binning data, geneaology. All four solutions here include some form of track-and-trace: PAS-X has extensive material
management modules, Tulip provides inventory and logbook apps, MasterControl’s Mx covers electronic batch records, and PharmaSuite

explicitly lists “Track and trace” among its capabilities ([25] www.rockwellautomation.com). This ensures end-to-end documentation of
each batch’s raw materials, process parameters, and output lots.

Deployment Models

Pharma companies today have diverse IT strategies. Whereas traditional MES were often on-premise (installed in the
company’s data center), most vendors now offer cloud or hybrid options. For example, PAS-X 3.4 is available as a cloud-
ready, web-based platform (*") www.koerber-pharma.com). Rockwell’s PharmaSuite 12.0 is designed to run in
Kubernetes containers either on-prem or in cloud environments ("“*) www.rockwellautomation.com). Tulip and MasterControl
were built as cloud-native from inception (SaaS models) (/) vwww.gartner.com) (°) vwww.mastercontrol.com).

Cloud adoption yields advantages such as reduced client infrastructure, easier cross-site rollouts, and continuous
updates. As noted by Koerber’'s Thomas Halfmann, shifting to cloud MES “addresses pain points” of on-premise MES
(high infrastructure cost, inflexible upgrades) by offering shared-responsibility models and robust cybersecurity (**!
www.linkedin.com). MasterControl similarly markets its cloud MES as “fast to deploy” and “cost-effective to roll out across
all lines” (*") vww.mastercontrol.com) (2 www.mastercontrol.com). The market analysis confirms that “cloud-based segment
is expected to dominate” pharmaceutical MES due to these benefits (*°! www.marketsandmarkets.com).
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However, on-premise software still has advocates, especially among companies with existing data-center investments or
stringent data-locality policies. Both PAS-X and PharmaSuite continue to support on-prem installations (often preferred
for very large-scale plants or contested IP requirements). Hybrid architectures are also emerging: an MES may run its
core servers in the cloud but interface with local PLC/SCADA on the shop floor. Manufacturers need to weigh tradeoffs of

latency, control, and validation scope when choosing the deployment mode.

Performance Metrics and ROI

Manufacturers often scrutinize MES on implementation cost/time and return on investment (ROI). By definition, digital
MES bring benefits such as fewer manual errors (increasing yield), faster batch review (shorter release cycle), and labor
savings on paperwork. Where possible, vendors quantify these. For example:

« Time-to-Implement: Tulip claims that its pharma MES can be implemented in as little as 90 days using pre-validated app templates for
various tasks (W tulip.co). MasterControl advertises “6 weeks to implement, 2 weeks to train”, enabling ROl within 4-8 months (M

www.mastercontrol.com). By contrast, traditional MES projects (PAS-X, PharmaSuite) often take many months or even years for global
rollouts.

« Improvement Metrics: Vendors often cite case examples. In one Tulip case, a biopharmaceutical company cut a complex line
changeover from 14 days down to 3 days by digitizing SOPs as interactive apps ([13] tulip.co). Such systems reduce manual waiting
and errors, effectively improving productivity by roughly 78% in this case ([13] tulip.co). Koerber claims PAS-X can “reduce the error rate

28]

and manufacturing costs, shorten time-to-market and increase efficiency” (L www.koerber-pharma.com), though specific independent

numbers are rare.

« User Training and Adoption: MasterControl notes it needs only two weeks of user training (') vvww.mastercontrol.com), whereas
complex legacy MES can require months of training. Tulip emphasizes its “intuitive, drag-and-drop” interface that minimizes learning
curves (IlBI www.gartner.com). Ease of adoption is an essential ROI factor, since highly specialized or non-intuitive systems can slow
user acceptance.

* Regulatory Auditability: While hard to quantify, MES are expected to reduce audit findings and compliance risks. Vendors often tout

being “validated by design”. For instance, Tulip stresses that many customers have successfully validated Tulip in GxP environments ([29]
tulip.co). In summary, both qualitative and quantitative metrics favor modern MES especially for quality and efficiency — but actual ROI
can vary greatly with site complexity and user discipline.

Competitive Landscape

Beyond the four focal products, dozens of MES solutions exist (Siemens SIMATIC IT, Rockwell’s historical iFIX/BMS,
Werum/PAS-X, Emerson Syncade, etc.), each with varying focus on biotech vs. chemical vs. consumer goods. However,
PAS-X, Tulip, MasterControl Mx, and PharmaSuite represent a cross-section: established legacy (PAS-X, PharmaSuite)
versus cloud-native disruptors (Tulip, Mx), each backed by a major platform owner. Peer-review aggregates (e.g. Gartner
Peer Insights) show PAS-X, Tulip, and MasterControl Mx all with very high user ratings (above 4.4/5) in MES category,
reflecting broad satisfaction (°°/ www.gartner.com) (°*) vww.gartner.com) (M www.gartner.com). FactoryTalk PharmaSuite,
being newer on these platforms, has fewer reviews (rating ~3.3/5 (°?/ www.gartner.com)) but benefits from Rockwell's
industrial pedigree.

Werum PAS-X MES Suite

Overview: PAS-X (originally from Werum IT Solutions, now part of Kérber Pharma) is widely regarded as the industry-
standard MES for pharmaceuticals and biotech. It has been deployed by hundreds of pharmaceutical manufacturers
worldwide. PAS-X covers the full product life cycle — from development, through clinical and commercial production, to

packaging — in a single suite (**/ www.koerber-pharma.com) (?) gcom.pdo.aws.gartner.com). Its functionalities include recipe
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management, equipment management, materials and inventory control, electronic batch records (EBR), and in later
versions integrated review/release processes (°*! gcom.pdo.aws.gartner.com) (°°) www.rockwellautomation.com). The
software is highly modular: companies implement the components they need (e.g. Manufacturing Execution, Warehouse
Management, Quality integration, etc.) out-of-the-box, with standard interfaces to ERP and other enterprise systems (©°°

www.koerber-pharma.com) ([34] gcom.pdo.aws.gartner.com).

PAS-X Version 3.4, released in 2025, modernizes the platform with cloud and Al capabilities. It introduces a web-
based, responsive Ul (NextGen Shopfloor) for tablets and desktops, plus Al-based analytics and lifecycle tools (1°°!

v koerber-pharma.com) (171 www koerber-pharma.com). According to Koerber, PAS-X 3.4 offers a “cloud-based, Al-
powered platform” that makes shopfloor processes “faster, more flexible and more efficient” — a “new benchmark for
digital manufacturing” in life sciences (*") www.koerber-pharma.com). Notably, PAS-X 3.4 adds features like Extended
Warehouse Management (for seamless ERP integration with SAP), high-availability architecture, and new automation for
system installation and upgrades (°°/ www.koerber-pharma.com) (57} vwww.koerber-pharma.com). The vendor highlights that
PAS-X can now be deployed on-premises or in cloud containers, offering customers both traditional and SaaS-like
models.

Functionality: PAS-X is very comprehensive. It fully supports Electronic Batch Records, with configurable templates
for each product and audit-graded electronic signatures. It manages master recipe versioning, equipment calibration
schedules, in-process sampling, and all required documentation flows. By design, PASS-X enforces “right-first-time”
execution through guided workflows on its shopfloor terminals. Beyond core execution, PAS-X Suite also includes
advanced modules like Advanced Scheduling, Track & Trace serialization, Environmental Monitoring, and integration with
LIMS/QMS systems. Quality and compliance are built in: built-in review-by-exception tools facilitate batch record review
and release. Users report that PAS-X provides end-to-end visibility: “It integrates with ERP and LIMS to enhance end-to-
end process visibility and traceability,” as Gartner Peer Insights describes (°*! gcom.pdo.aws.gartner.com).

Regulatory Compliance: PAS-X is explicitly designed for GxP compliance. All operations are logged with audit trails,
and electronic signature workflows meet Part 11/Annex 11 requirements (") www.koerber-pharma.com) (%
gcom.pdo.aws.gartner.com). Its data model enforces data integrity; for example, once a batch record is completed, it
becomes locked for review. Vendor literature notes that PAS-X helps “comply with standards like FDA, GMP & GxP” (1*!
gcom.pdo.aws.gartner.com). The software comes with a validation package (test scripts, IQ/OQ/PQ protocols) to speed
commissioning in a GMP context.

Implementation and Adoption: PAS-X implementations are typically multi-stage projects. Users often engage trained
integrators or consulting partners (e.g. Werum’s Global Alliance Partners). Implementation times vary widely depending
on scope, but PAS-X is generally considered a large-scale system. According to one user review, “installations/upgrades
require quite a bit of overhead” and even training, reflecting its complexity (**/ gcom.pdo.aws.gartner.com). Another user
noted PAS-X is “rigid” and not easily modified without consultants ("*“! gcom.pdo.aws.gartner.com). This complexity gives
PAS-X great power but can slow down change deployment (for example, adding new forms or logic). Cost is also higher
— licensing and support fees reflect PAS-X’s enterprise scope.

However, significant benefits are cited too. Koerber claims PAS-X reduces error rates and manufacturing costs while
shortening time to market (1*°! www.koerber-pharma.com). Indeed, as one reviewer notes, PAS-X comes with “excellent
support, technical skills and ... provides the solution on time” (°°! gcom.pdo.aws.gartner.com). Large pharma customers
appreciate PAS-X’s proven track record and depth of validation documentation. For companies running multiple, highly
regulated sites or complex bioprocesses, PAS-X remains a go-to choice.

Case Study - Sakamoto Yakuhin (PAS-X): A published case (Sakamoto Yakuhin Kogyo, Japan) illustrates PAS-X's role
in building a “fully automated, GMP-compliant plant.” Sakamoto’s new facility heavily utilized digital automation.
According to the case study, installing PAS-X enabled “automatic collection of manufacturing performance data from
equipment” and fully “paperless manufacturing records” (www.b-en-g.co.jp). The MES also achieved “automatic linkage
between ERP and various manufacturing equipment,” streamlining overall coordination (www.b-en-g.co.jp). In short, the
plant was executed with PAS-X as a central enabler of both automation and compliance (www.b-en-g.co.jp). This
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example underscores PAS-X’s strength in enabling paperless, data-driven batch processing in a highly regulated
environment.

Summary: PAS-X MES Suite is a mature, feature-rich solution tailored to large pharmaceutical and biotech operations. It
offers end-to-end batch control, comprehensive compliance support, and advanced analytics in its new releases (I’
www.koerber-pharma.com) (%1 gcom.pdo.aws.gartner.com). The trade-off is complexity: implementations require significant
planning and validation, and changing PAS-X processes can involve longer lead times (I*“! gcom.pdo.aws.gartner.com).
Organizations selecting PAS-X typically prioritize rigorous compliance, multi-site standardization, and robust vendor
support over the fastest deployment.

Tulip Interfaces Platform

Overview: Tulip (tulip.co) offers a cloud-native, low-code MES platform that targets frontline operations. Originally
founded to let factory floor workers create their own apps, Tulip has evolved into a composable MES suite with a strong
focus on usability and speed of deployment. Tulip’s model is to provide pre-built app templates (via the “Tulip Library”)
covering common tasks (logbooks, weighing, sampling, etc.) that can be easily configured or extended. This approach
aligns with a “preferred deploy fast, extend later” philosophy.

In the pharmaceutical context, Tulip markets a “Composable MES for Pharmaceutical Manufacturing.” The key value
propositions Tulip cites are: “Audit-ready. Easily validated. Built for change.” (** tulip.co). Their web site emphasizes GxP
compliance (21 CFR Part 11/EU Annex 11) out-of-the-box and claims that the platform is intentionally designed for rapid
validation and iteration (! tulip.co) (®! tulip.co). Tulip’s platform is entirely cloud-hosted (SaaS), accessible via modern
web browsers or mobile/handheld devices. It includes a graphical editor (no-code interface) for building apps, along with
a player interface for shopfloor execution (") wuw.gartner.com). The system supports integration with ERP, LIMS, and
industrial hardware through open APIs and connectors, allowing Tulip apps to send/receive data as needed.

Functionality: Tulip’s core concept is flexibility: instead of a monolithic MES, it provides templates and building blocks.
For example, a tablet app for weighing & dispensing can be deployed to operators in weeks, replacing a paper logbook
with step-by-step guides. Other ready-made apps handle sampling, packaging checklists, electronic logbooks, and eBR
record review (° tulip.co) . These apps are GxP-ready, meaning they include required fields, checks, and audit logging.
Users can drag-and-drop logic, forms, and machine interfaces without writing code (:*°! www.gartner.com).

Tulip industry materials highlight the platform’s “human-centric” interface and low learning curve. Gartner reviews echo
this: users frequently note the “very intuitive” drag-and-drop Ul for workflow creation (*°) www.gartner.com). Tulip also
emphasizes real-time data tracking — each app can display dashboards and metrics on-the-fly, helping operators spot
bottlenecks immediately (*°! www.gartner.com). In effect, Tulip serves as an MES, but one built from digital “apps” rather
than monolithic modules. Larger systems (like overall equipment effectiveness or advanced scheduling) are not Tulip’s
primary focus; rather, Tulip excels at digitizing standard operating procedures and forms across the shop floor, then
connecting those digital touchpoints to data and analytics.

Regulatory Compliance: Tulip specifically targets GxP environments. Its documentation proudly states that Tulip is
“trusted by top pharmaceutical companies” and is compliant with Part 11 and Annex 11 (““! tulip.co). Every Tulip app can
require user signatures at key steps. The platform also operates under an ISO 9001 QMS and regularly adds GxP
features (1! tlip.co). Because Tulip is configurable at the consumer level, each deployment must be validated by the
user (e.g. templated apps may already be validated out-of-the-box for common tasks). However, Tulip acknowledges this:
many customers “successfully deployed Tulip in GxP... after validating the system” (°°! tulip.co). In practice, Tulip
simplifies compliance by providing a ready framework; companies replicate their SOP logic in the apps and then perform
typical CSV validation on the assembled solution.

Implementation and ROI: Speed is a hallmark of Tulip. The platform cites 90 days to implement a basic MES using its
validated app library (1 tulip.co). In real cases, customers often see significant ROl within months. For example, Tulip’s
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materials note that accelerated digitalization allows manufacturers to see ROI “in months, not years” (! tulip.co).
MasterControl's similar claim of ROI in 4-8 months (**) www.mastercontrol.com) reflects the general expectation for cloud
MES. In one documented use case, a global life-sciences firm deployed Tulip eLogbooks across 15 sites in under three

months , illustrating scalability.

A striking Tulip case involves a large biotech’s complex line changeover. Previously, operators had to follow an 80-page
paper SOP across multiple machines, taking 14 days per batch turnover (“! tlip.co). By creating interactive Tulip apps
that guided each step, the company slashed changeover time to 3 days (\°! tulip.co) — a roughly 80% reduction in
downtime. In addition, the new digital process “drastically reduced” human errors by requiring inputs at each step (“”
tulip.co). This example shows Tulip’s strength: by digitizing people-driven processes, it achieves large operational gains
without changing the physical plant.

User Experience: Tulip is generally praised for its ease of use. Reviewers frequently highlight its clear user interface.
One peer review notes: “User-Friendly Interface: the platform is very intuitive, and workflow creation is simple for most
users. Drag and drop interface works smoothly... [and] provides real-time data visibility” ("*>! www.gartner.com). Unlike
heavier legacy MES, Tulip requires minimal programming skills. Its human-centric design is often cited as a competitive
edge for companies looking to quickly empower production workers.

Limitations: Because Tulip is relatively new in pharma and app-based, it may lack some deep, built-in industry-specific
modules found in PAS-X. For example, Tulip does not inherently include advanced scheduling or detailed regulatory
process modeling; these must be built as needed. Scaling Tulip across very large, complex multi-national sites may
require careful planning of data flows and user permissions. Also, as a cloud service, Tulip’s performance depends on
connectivity and vendor uptime guarantees. However, Gartner notes that at least 60+ peer reviews rate Tulip as
compliant and effective in manufacturing execution (1*! tulip.co), reflecting proven use.

Summary: Tulip’s MES platform offers a modern, agile approach ideal for pharma manufacturers who value speed and
flexibility. It excels at rapidly replacing paper and spreadsheets with validated digital workflows, often on the order of
weeks to deploy (! tulip.co). The “composable MES” paradigm allows incremental adoption — firms can start with one app
(e.g. eLogbooks) and expand the system organically (“*! tulip.co). In contrast to monolithic MES, Tulip trades raw scope
for user-friendliness and speed of change. Organizations choosing Tulip often do so when they need fast ROI, strong

employee engagement, and a cloud-first digital strategy.

MasterControl Manufacturing Excellence (Mx)

Overview: MasterControl, historically a leader in Quality Management Systems (QMS), introduced Manufacturing
Excellence (Mx) as its MES offering tailored for pharmaceuticals and life sciences. The core message is that Mx bridges
the “digital divide” between manufacturing and quality. Gartner Peer Insights describes Mx as an “Al-driven digital
manufacturing platform” designed to help life-science manufacturers eliminate errors and bring products to market faster
(T v, gartner.com). Mx is a cloud-based SaasS solution, built on the same platform as MasterControl’s other modules,
which facilitates strong integration among manufacturing, quality, and asset management.

A distinguishing feature of Mx is its origin as an extension of QMS. MasterControl leverages its existing robust QMS
infrastructure (electronic signatures, audit trails, CAPA workflows) and adds a lower-level manufacturing layer. In practice,
this means that Mx includes everything from order release to EBR generation, but it naturally feeds back into the QMS’s
documentation and compliance processes. For instance, deviations detected on the shop floor can trigger CAPAs and
document changes in MasterControl's ecosystem. This contrasts with MES from other vendors, which often view quality
as a separate domain. For customers already using MasterControl QMS, choosing Mx offers a unified platform.

Functionality: According to product literature, MasterControl Mx covers a broad range of manufacturing execution tasks.
It provides electronic production records (EBR/eDHR) that digitize batch and equipment history, including materials
and process data (%' www.gartner.com). Modules include production scheduling, equipment resource management,
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material batch record management, and electronic logbooks. By design, Mx aims to “collect, connect, and contextualize”
essential production data (1 vw.mastercontrol.com). For example, MasterControl highlights that its MES software can
eliminate paper, improve right-first-time production, and unify manufacturing operations with quality oversight (*°'
www.mastercontrol.com). The platform also supports analytic dashboards to monitor OEE, cycle times, and
nonconformance trends.

Notably, MasterControl’'s marketing emphasizes Al and analytics as differentiators. It advertises Mx with “Al-driven”
capabilities, though specific Al features (e.g. predictive analytics on process data) are an emerging area. However,
MasterControl does promote an “innovative, compliant architecture” and specialized Al engines in its suite (**
www.mastercontrol.com), suggesting ongoing investments. Electronic change control is built in, and e-signature steps are
included wherever required.

Regulatory Compliance: As with Tulip, Mx is inherently built for 21 CFR Part 11 / Annex 11 compliance. All record-
keeping in Mx is fully electronic and tied into MasterControl’s validated QMS system. The company claims that its
architecture assures data integrity and has fast validation tools: for instance, press releases mention that MasterControl
can reduce validation efforts “from weeks to minutes” with patented tools and pre-validated templates (**
www.mastercontrol.com). Companies in regulated industries often find MasterControl’'s pedigree reassuring; the platform is
GAMP/GMP-compliant by design.

Implementation and ROI: Rapid deployment is a major selling point. MasterControl states a typical implementation
timeline of 6 weeks (plus 2 weeks of user training) (**) www.mastercontrol.com). This is possible in part because, as
many MasterControl customers already use the QMS, adding the MES module is an extension rather than a standalone
project. Early ROI (within 4-8 months) is commonly promised (%! www.mastercontrol.com). In practice, customers have
reported streamlining their release processes and achieving paperless manufacturing within months of go-live. Because
Mx covers both production and quality data, some organizations find that cycle-times from batch start-to-release drop
significantly, though public case studies are scarce.

One consultant (MasterControl’s own GxP Lifeline) observes that the traditional digital divide causes up to 70% of lead
time to be “tied up in quality testing and release” (*°! www.mastercontrol.com). Mx is positioned as a solution to narrow that
gap — for example, deviations noted on a production order can automatically be fed into the QMS for immediate action,
rather than being handled offline. Customer testimonials highlight smoother audits and faster approvals due to this
integration.

User Experience: Reviews of MasterControl’'s Mx highlight its “modern” look and user interfaces similar to other
MasterControl products. Many users interacting with both quality and processes appreciate having a single sign-on and
unified compliance logic. One advantage is familiarity: users accustomed to MasterControl QMS find the MES module
consistent with their existing system. MasterControl also offers extensive training and documentation, reflecting its
heritage in regulated industries.

Known Users: MasterControl's MES is used by a range of life-science companies, from biotech to large pharma. The
official literature often cites examples of biologics and medical device manufacturers implementing paperless production
lines, though most case studies are privately held. It is likely more common among small-to-mid-size and contract
manufacturers than among the very largest firms, since those often had legacy MES or bespoke systems.

Limitations: As a newer MES entrant, MasterControl Mx may lack some deep domain modules (like granular dosing
analytics for big pharma) found in decades-old MES codebases. Also, because it closely ties to MasterControl's QMS, it
may be less attractive to companies that do not use MasterControl quality software (due to lock-in concerns). However,
its modern, configurable approach is a boon for manufacturers looking to avoid wholesale re-platforming of both MES and
QMS.

Summary: MasterControl Manufacturing Excellence offers a fast, integrated path to MES for life-science companies,
leveraging MasterControl’s pedigree in quality systems (*°/ vwww.mastercontrol.com) () www.mastercontrol.com). Its cloud-
native deployment and pre-validated modules enable rapid roll-out (weeks) and cloud-scale operation. The main appeal

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights Page 10 of
reserved. 23


https://www.mastercontrol.com/library/manufacturing/mes-manufacturing-execution-software-system/#:~:text=Advantages%20of%20MasterControl%E2%80%99s%20MES%20Solution
https://www.mastercontrol.com/library/manufacturing/mes-manufacturing-execution-software-system/#:~:text=,Accelerating%20product%20release
https://www.mastercontrol.com/library/manufacturing/mes-manufacturing-execution-software-system/#:~:text=,Accelerating%20product%20release
https://www.mastercontrol.com/resource-center/documents/medisca-case-study/#:~:text=Medisca%20Case%20Study%20Platform%20%26,Data%20%26%20AnalyticsUncover%20trends%20and
https://www.mastercontrol.com/resource-center/documents/medisca-case-study/#:~:text=Medisca%20Case%20Study%20Platform%20%26,Data%20%26%20AnalyticsUncover%20trends%20and
https://www.mastercontrol.com/resource-center/documents/medisca-case-study/#:~:text=Medisca%20Case%20Study%20Platform%20%26,Data%20%26%20AnalyticsUncover%20trends%20and
https://www.mastercontrol.com/resource-center/documents/medisca-case-study/#:~:text=Medisca%20Case%20Study%20Platform%20%26,Data%20%26%20AnalyticsUncover%20trends%20and
https://www.mastercontrol.com/library/manufacturing/manufacturing-execution-system-mes/#:~:text=
https://www.mastercontrol.com/library/manufacturing/manufacturing-execution-system-mes/#:~:text=
https://www.mastercontrol.com/gxp-lifeline/life-sciences-digitizing-quality-manufacturing-integrations#:~:text=In%20today%27s%20life%20science%20manufacturing,quality%20remains%20one%20of%20the
https://www.mastercontrol.com/library/manufacturing/manufacturing-execution-system-mes/#:~:text=An%20MES%20isn%27t%20the%20only,all%20your%20lines%20and%20sites
https://www.mastercontrol.com/library/manufacturing/mes-manufacturing-execution-software-system/#:~:text=,Accelerating%20product%20release
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=pharma-mes-software-comparison-pas-x-tulip-mastercontrol.pdf
https://intuitionlabs.ai/articles/pharma-mes-software-comparison?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=pharma-mes-software-comparison-pas-x-tulip-mastercontrol.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=pharma-mes-software-comparison-pas-x-tulip-mastercontrol.pdf

P inwiiontabs  intuitionLabs - Al Software for Pharma & Biotech Pharma MES Software Comparison: PAS-X, Tulip, MasterControl

is the seamless quality-manufacturing integration and the unified compliance framework. Organizations that already use
MasterControl QMS, or those seeking a single-vendor solution for both quality and production, will find Mx attractive.

Rockwell FactoryTalk PharmaSuite

Overview: Rockwell Automation’s FactoryTalk PharmaSuite (often simply “PharmaSuite”) is a purpose-built MES for
pharmaceutical and biopharmaceutical manufacturing. Rooted in Rockwell’'s automation expertise (and originally part of
their Life Sciences business), PharmaSuite targets companies with large-scale, complex manufacturing lines. It provides
a full range of shopfloor management features along with tight integration to industrial control systems (an advantage for
facilities heavily invested in Rockwell hardware).

PharmasSuite’s architecture is now modular and cloud-ready. The latest release, PharmaSuite 12.0 (2025), reimagines the
platform with Docker/Kubernetes containers, enabling customers to deploy it on cloud, on-premise, or hybrid
environments (°) www.rockwellautomation.com) (! www.rockwellautomation.com). This addresses a common industry
complaint (from Biophorum and others) that legacy MES are too heavyweight and slow to implement (*°/
www.rockwellautomation.com). By contrast, PharmaSuite 12.0 aims for “faster, scalable and more secure” deployments,
introducing a new setup automation tool (MICKA) to speed installation and validation ("' www.rockwellautomation.com).

Functionality: PharmaSuite offers robust execution support for batch and discrete pharmaceutical processes. The
Gartner insights overview states that it manages electronic batch records, equipment management, material
tracking, deviation management, and comprehensive reporting (*“! www.gartner.com). It is designed to handle all
core MES tasks: releasing production orders, tracking material consumption, enforcing in-process hold points, and
logging equipment and batch data. Its strengths include strong recipe management (including sub-process recipes and
standard master recipes common in pharma), and “Review by Exception” functionality to streamline batch record review.
PharmasSuite also includes modules for serialization/traceability, track & trace, and QA workflows. Because it comes from
an automation vendor, it has excellent connectivity to control systems (PLC/SCADA), allowing automatic data collection
of process parameters in real-time.

The official PharmaSuite product page emphasizes role-based optimization and an open architecture (1*°!
www.rockwellautomation.com). For example, it notes a “continuous execution and documentation of manufacturing
processes,” highlighting that all actions on the shop floor are visible up to ERP level to ensure compliance (**
www.gartner.com). PharmaSuite’s open-content architecture and intelligent upgrade engine are intended to ease scaling

across sites and help manage both batch and discrete production (“*! www.rockwellautomation.com).

Regulatory Compliance: PharmaSuite is fully 21 CFR Part 11 / Annex 11 capable. Electronic records and audit trails are
native, and e-signature steps are configured per regional regulations. The software supports data integrity standards and
provides built-in functionality (e.g. ‘Review by Exception’) to focus compliance staff on deviating events. Security
enhancements in v12.0 include hardened APIs and monitoring tools, addressing concerns over data integrity and
cybersecurity in a regulated environment (° www.rockwellautomation.com). Like PAS-X, PharmaSuite provides validation
documentation and services, given Rockwell’s experience in regulated industries.

Implementation and ROI: Historically, PharmaSuite deployments required significant engineering, particularly on-
premise. Version 12.0 aims to shorten this “time to results” with automation tools. In fact, the press release explicitly
guotes Rockwell's MES business manager: with PharmaSuite 12.0, “manufacturers can scale operations faster, simplify
global rollouts and reduce the time and cost of validation” (“°/ www.rockwellautomation.com). Features like cloud-based
deployment and MICKA installers are intended to lower the barrier of lengthy installations. However, rockwell’s own
marketing does not publicly quote specific timelines or ROI figures as Tulip or MasterControl do. We can infer that going
containerized will help medium-sized firms catch up to the agility that smaller SaaS solutions already enjoy.

Anecdotally, PharmaSuite is used by large pharma (e.g. Cell & Gene companies) and contract manufacturers. Rockwell’'s
collateral (and the LinkedIn post by MGS Group) emphasizes end-to-end solutions from concept to production, hinting at
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integration of automation hardware + PharmaSuite software as a complete package. Case studies are less accessible
(Rockwell tends to focus on customer names on curated collateral).

User Experience: PharmaSuite’s interface is a web application, upgraded over previous “green-screen” versions. Users
report that PharmaSuite is a powerful tool, but again it may feel heavier than purpose-built cloud MES. The Gartner rating
of 3.3/5 (with only ~13 reviews) suggests work to do on user adoption or support. However, its strength lies in deep
manufacturing functionality. For instance, the peer insights “Likes” highlight PharmaSuite’s flexible electronic logbook
configuration and recipe management: one user praised that workflows and recipe sequences are “very functional and
easy to configure,” with user-friendly web-based administration (“’) www.gartner.com). So while it may not be “low-code,” it
is certainly configurable by practitioners and integrates well with plant IT structures.

Limitations: PharmaSuite’s relatively lower peer rating indicates some downsides. Possible issues (noted by reviewers
elsewhere) include a learning curve for end users, and the cost/effort of migrating from older MES versions. Because it is
a complex, full-scale MES, PharmaSuite may be overkill for small sites or quick projects. Additionally, as Rockwell’s Life
Sciences MES was historically less widespread than Werum PAS-X in pharma, some aftermarket ecosystem
(partners/consultants familiar with PharmaSuite) may be smaller.

Key Innovations in v12.0: The PharmaSuite 12.0 release (2025) is noteworthy. It introduces:

. Containerized, Cloud Deployment: Runs in Kubernetes; enables elastic scaling and multi-site rollouts (**!

www.rockwellautomation.com).

« Setup Automation (MICKA): Automates the repetitive installation and validation steps for GxP compliance,

significantly reducing manual work (! www.rockwellautomation.com).

« Built-in Monitoring: Central tools for early issue detection and troubleshooting across global operations (\**

www.rockwellautomation.com).

« Modular Design: Core components (order management, control, logging) are broken into services, easing future
upgrades and standardization.

These align directly with industry themes: the press release even cites a Biophorum note that existing MES were “slow to
implement and lacking flexibility,” and positions PharmaSuite 12.0 as a direct answer to those critiques (1*°!
www.rockwellautomation.com). Enhanced cybersecurity is also a highlight: given growing threats, PharmaSuite 12.0
includes improved security controls to protect the extremely sensitive data in life-science manufacturing.

Summary: FactoryTalk PharmaSuite is tailored for the enterprise pharma manufacturer needing a robust, end-to-end
MES solution. It incorporates Rockwell’'s automation expertise and now meets modern cloud standards. Its deep
functionality in batch and equipment management and JSON traceability make it ideal for complex, highly-regulated sites.
On the other hand, smaller or nimble operations may find it less accessible than lighter platforms. Factoring
PharmasSuite’s offerings includes considering Rockwell’'s global support network and long-term road map: version 12.0's
container approach signals that PharmaSuite will remain a major contender by aligning with cloud/Edge trends.

Table 1. Feature Comparison of Leading Pharma MES Platforms. The table below summarizes major attributes of
Werum PAS-X, Tulip, MasterControl Mx, and Rockwell PharmaSuite. (Checks v indicate the presence of core
capabilities or traits; textual notes provide key distinctions.)

MasterControl Manufacturing

Feature | Aspect Werum PAS-X MES Suite Tulip Interfaces Platform Rockwell FactoryTalk PharmaSuite
Excellence (Mx)

Vendor | Origin Werum (Kérber Pharma) Tulip Inc. (USA) MasterControl Inc. (USA) Rockwell Automation (USA)
Deployment Model On-premises/Hybrid/Cloud Cloud-native (SaaS) Cloud-native (SaaS) Cloud/On-prem hybrid

. Regulated mfg (pharma, . . .
Target Industries Pharma, Biotech, Cell/Gene Life Sciences / Pharma Pharma & Biotech

others)

. . ) Composable microservices; . . . : -
Architecture Modular; now supports microservices (v3.4) I d Microservices; QMS-integrated platform Modular/services (containerized)
ow-code
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Feature | Aspect

Data Management

Electronic Records

Recipe | Process
Management

Quality /
Compliance

Track & Trace |
Serialization

Equipment | Material
Tracking

Integration
(ERPISAP/QMS/etc.)

User Interface

Mobile/Handheld

Support

Deployment Time
(typical)

User Training

Scalability (multi-
site)

Key Strengths

Common
Drawbacks

Market Presence &
Rating

Werum PAS-X MES Suite

Central MES database; integrates with ERP,
[34]

LIMS; strong batch genealogy (

gcom.pdo.aws.gartner.com)

v EBR (full batch records) ([34]

gcom.pdo.aws.gartner.com)

v Master recipe, version control

Tight compliance (Part11, Annex11); support
[49]

for Review by Exception (

www.koerber-pharma.com)

v (optional module)

v Shopfloor data collection, calibration, WIP
containers

Standard interfaces (SAP, etc.)

Native thick client (old) + new web Ul (NG
Shopfloor) (ll7J www.koerber-
pharma.comy

Supports tablets/phones for operators

6-12+ months (large multi-site)

Extensive (weeks/months) [89TL69-L74]

High (many global rollouts)

Comprehensive pharma feature set; proven
34
compliance control; large global network ([ 1

gcom.pdo.aws.gartner.com)

High complexity; slow to change;
[14]

training/upgrade overhead (

gcom.pdo.aws.gartner.com,

[30]

Market leader; ~4.4/5 (62 reviews) (

www.gartner.comy

Pharma MES Software Comparison: PAS-X, Tulip, MasterControl

Tulip Interfaces Platform

Distributed apps with
centralized analytics; API-
driven

v EBR modules (batch logs,

logbooks) ([48] tuIip.CO)

v App-based workflows; no
formal recipe engine

GxP-aligned apps; compliant
29
infrastructure ([ ]

tulip.co)

v (via apps: inventory, serial
scanning)

v Barcode/RFID support
through app connectors

REST APIs; connectors; bi-
directional ERP links

Intuitive drag-drop portal;
[15]

HTMLS5 on tablets (

www.gartner.comy
Yes (i0S/Android app players)

~3 months for core MES apps

([8] tulip.co)

Short (days to weeks) due to

Ul simplicity ([15]

www.gartner.com)

High (cloud multi-tenant; >10

[50]
sites e.g. case (

tulip.coy

Ease of use; rapid deployment
(ROl in months) ([8]
tU”p.CO); frontline

empowerment ([15]

www.gartner.comy

May lack some deep MES
modules; requires cultural
change to low-code

Rapidly growing; ~4.5/5 (77
reviews) ([301
www.gartner.comy

)

www.gartner.comy

MasterControl Manufacturing
Excellence (Mx)

Unified manufacturing/QMS database

v EBR/eDHR (digital batch & History
Records) ([101

www.gartner.comy

v Master and run records; linked to
quality

Full Quality integration (CAPA, audits);
data integrity focus

v (integrated in batch records)

v Asset mgmt; equipment logs
(eLogbooks)

Built-in integration to MasterControl QMS;

API

Web-based Ul (MasterControl Ul style)

Web-responsive; mobile browser support
[12]
~6-8 weeks for initial deployment (

www.mastercontrol.com)

Short (weeks) due to familiar QMS
environment

High (all cloud; global enterprise model)

Seamless quality-production integration;
. [12]

quick rollout (
www.mastercontrol.comy

281

www.mastercontrol.com)

Integration mainly if using MasterControl
QMS; younger product

Established QMS vendor; ~4.5/5 (70

[10]

reviews) (

www.gartner.comy

Rockwell FactoryTalk PharmaSuite
R . [44]
Centralized; integrates ERP/automation (

www.gartner.comy

[44]

v EBR (electronic batch record) (
www.gartner.comy

[25]
v Master recipe mgmt; batch/order mgmt (

www.rockwellautomation.comy

Compr ive QA features (deviation Mgmt,
eSignature)

v (serialization/truck & trace module)

v Equipment mgmt module, real-time data
integration

Pre-built connectors to major ERP/SCADA; open
APIs

Web-based interface (modern FactoryTalk Ul)

Web (some mobile capability)
[11]
Varies; new tools aim to cut it significantly (

www.rockwellautomation.comy

Moderate (session-based)

High (enterprise focus; cloud containers)

Industry-grade reliability; strong equipment
[11]

integration; cloud-ready architecture (

www.rockwellautomation.comy

Fewer user reviews; steeper learning curve; may
require integrators

. . [32]
Niche player; ~3.3/5 (13 reviews) (

www.gartner.comy

(Table note: Check marks () and text above indicate which solution provides each capability.)

Key insights from Table 1: All four MES claim full regulatory compliance and traceability, but differ in orientation. PAS-X

and PharmaSuite provide very detailed, built-for-pharma control of batch processes (e.g. dedicated modules for
serialization, quality events, etc.), whereas Tulip and MasterControl emphasize ease of use, flexible deployment, and

integration with existing quality frameworks. Tulip and MasterControl, being cloud-first, boast much shorter deployment
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cycles (90 days to a few months (! tulip.co) (**) www.mastercontrol.com)) compared to traditional on-premise rollouts for
PAS-X or PharmaSuite. On the other hand, PAS-X and PharmaSuite have unique strengths in(host integration (PS) and
market maturity (PAS-X).

Comparative Analysis

Implementation Effort and Cost

A critical consideration is the time and resources required to deploy. Our analysis of vendor data and user accounts
yields the following insights:

 Werum PAS-X: Typically implemented as a long-term project. Even with PAS-X 3.4’s technical improvements, customers should expect a
multi-month headcount (especially if automating new lines or harmonizing multiple plants). One reviewer noted that even skilled

operations personnel found upgrades “quite a bit of overhead” ([HJ gcom.pdo.aws.gartner.com). The licensing model is normally

perpetual with annual maintenance; cost varies with scope. Customers generally plan for significant consulting and validation effort.
However, for companies used to GxXP projects, MASar PAS-X's compliance focus might justify the cost.

« Tulip: Marketed for rapid start. Claims go-live in ~3 months for core use cases (LBJ tulip.co). Tulip uses a subscription model (tiered by
number of users/apps), which often makes upfront cost lower but ongoing subscription needed. There are also optional services
(validation packs, training) to consider. In practice, companies often roll out Tulip apps one by one. This incremental deployment (additive
MES) limits risk: organizations can pilot Tulip on one line (or even one operator’s tablet) and measure value before broader rollout. The

cited case of implementing eLogbooks across 15 sites in under 3 months ([50] tulip.co)demonstrates Tulip’s ability to scale rapidly with
enough support. Typically, internal resource commitment is modest (Tulip claims “go live in 90 days” even without deep IT overhead (ng

tulip.co)), and configuration is aimed at non-IT staff.

¢ MasterControl Mx: As part of a cloud platform, MasterControl positions Mx as quick-out-of-the-box. The 6-week implement figure (IlZI

www.mastercontrol.com) suggests a fixed set of core features might be ready fast. In reality, firms often validate simultaneous
processes and data connections (e.g. pulling work orders from SAP, linking to MasterControl QMS). Still, initial deployments have been
reported in a few months, typically faster than legacy MES. MasterControl also offers SaaS-based subscription pricing by module, which
can be attractive for capital budgeting. Importantly, MasterControl often sells MES as an add-on to an existing quality project, making it
relatively “bundled” for existing customers.

« PharmasSuite: Historically on-premise, implementations were long (often > 12 months for a global rollout). With PharmaSuite 12.0’s new

tools, Rockwell aims to shorten this significantly (L1lJ www.rockwellautomation.com), but on-the-ground data is sparse. We do know
that PharmaSuite setups require automation engineers for integration, plus thorough validation. Rockwell's emphasis on “modular design”
and new cloud installer suggests that experienced engineering partners (such as Rockwell system integrators) can now deploy more
quickly than before. Once deployed, PharmaSuite typically incurs license and support costs similar to other enterprise MES.

Between the four, Tulip and MasterControl stand out for lowest initial costs and fastest rollouts, at the expense of
requiring some functional compromise or incremental staging. PAS-X and PharmaSuite have higher initial burdens but
deliver highest coverage. Decision-makers must balance these trade-offs: for a small factory scheduling a fast tech
transfer, a Tulip implementation may pay back far quicker; for a large multibillion-dollar pharma plant with hundreds of
people involved, the comprehensive feature set of PAS-X might outweigh the longer lead time.

Vendor and Ecosystem Support

Selecting an MES also hinges on vendor stability and support ecosystem.

 Werum (Korber) has a strong track record in pharma MES. PAS-X boasts a global partner network (consultants, third-party service
providers) and an active PAS-X user community under Kérber’s Pharma Open forum ([SH www.koerber.com). The vendor provides
trainings and a large repository of best practices. Peer reviews often cite excellent vendor support for PAS-X rollouts ([38]
gcom.pdo.aws.gartner.com).
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o Tulip is newer (founded 2014) but has grown rapidly. It operates mostly through direct sales and a smaller partner network, but

emphasizes user communities and published case studies (Tulip’s site lists “trusted by top companies” ([29] tulip.co)). Tulip’s ease of use
is partly because it does not typically require specialized integrators — instead, customer engineers themselves configure the system with
remote Tulip support. However, Tulip also cultivates integration partners for larger rollouts. Its rapid product release cycle (reflecting a
cloud model) means features improve frequently (e.g. adding GxP checklists, analytics).

+ MasterControl is well-established in life sciences (since the 1990s). Its ecosystem includes consultants who specialize in MasterControl
QMS/MES deployments. Clients can purchase additional services like validation templates, accelerated implementation packages, and
training. MasterControl's lab (GxP Lifeline) produces industry content (e.g. the “Bridging the Digital Divide” article ([18]
www.mastercontrol.com)) which can be seen as thought leadership. The company’s financial stability is solid, indicating sustained
support.

« Rockwell Automation is a blue-chip automation supplier with decades in manufacturing software. PharmaSuite users benefit from
Rockwell’s global reach and integration with hardware (PLCs, drives, etc.). Rockwell organizes Life Sciences events and has engaged
partners (e.g. MGS, as seen in the LinkedIn campaign) to promote PharmaSuite. The new 12.0 release suggests Rockwell is investing in
the product’s future.

In terms of customer support: Gartner Peer Insights shows PAS-X, Tulip, and MasterControl all with very high
willingness-to-recommend and platform scores, implying strong user satisfaction (°°! www.gartner.com) (%
www.gartner.com). FactoryTalk PharmaSuite’s lower review rating (3.3) may reflect its early stage on that platform, not
necessarily a lack of support. In any case, each MES has active user forums and serial conferences where customers
share experiences (for example, Werum’s Pharma Open or MasterControl’'s Nexus).

Usage and Market Examples

While vendor materials highlight ideal scenarios, real-world usage varies.

« PAS-Xis ubiquitous among large pharma and biotech (e.g. many Big Pharmas, generics, and supply-chain organizations). Werum'’s site

highlights its dominance in cell & gene therapy production (‘52] www.koerber.com); indeed, early FDA approvals of cell therapies were
supported by PAS-X-managed processes. PAS-X’s international adoption is evidenced by peer reviews from companies of all sizes
worldwide.

o Tulip has many users in pharmaceuticals and medtech seeking digital transformation. Customer logos often include any industry (e.g.
Life Sciences, CPG, electronics) with manufacturers like Thermo Fisher (as Tulip reports) and non-pharma high-volume lines. The case of

an orthopedic surgical kit scenario (‘53] tulip.co) shows Tulip extends even to medical device manufacturing. Tulip has also penetrated
smaller contract manufacturing organizations and niche biotech producers due to its lower upfront cost.

« MasterControl Mx usage seems strong in biotech and mid-size pharma, especially where MasterControl QMS was already in use. Its
success among contract manufacturers (CMOs) and midsize biologics firms is notable — these organizations appreciate the QMS+MES
integration. There are also examples of R&D organizations prototyping MES use to complement digital lab notebooks (though not
necessarily under heavy FDA regulation).

« PharmasSuite is typically found in larger pharmaceutical enterprises and contract manufacturing organizations (CMOs) that value its
automation pedigree. Companies making highly regulated products (large-quantity drugs, sterile products, etc.) often choose
PharmaSuite when they already use Rockwell automation gear. Its presence in cell and gene CDMOs and in companies upgrading
legacy systems is growing, especially now with its cloud container push.

Overall, market share data is proprietary, but analyst insinuations hint that PAS-X and PharmasSuite collectively dominate
the regulated MES niche, with Tulip and MasterControl growing rapidly as disruptors. A benchmark: Gartner's MES
market view lists PAS-X and Philips (now Schneider) as leaders; Tulip is rapidly emerging on “visionaries” quadrants, and
MasterControl on “niche players” in MES (°°) v gartner.com) (") www.gartner.com) (Gartner MQ/PeerInsights context).
These perspectives reinforce that PAS-X and PharmaSuite are incumbents, while Tulip and MasterControl represent
new-model MES contenders.
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Data Analysis and Evidence-based Arguments

Throughout the sections above, we have cited various data points and examples. Here we summarize some key
numbers and findings:

« Market size (2030): ~$4.6B (CAGR 14%) (°| www.marketsandmarkets.com). This underscores the significant investment being placed
in digital MES solutions, validating that all four vendors are in a high-growth market segment.

* Implementation timelines: Tulip (~3 months) (W tulip.co); MasterControl (~6 weeks) ([121 www.mastercontrol.com); traditional MES
(years).

¢ ROI expectations: Tulip/MasterControl (“months, not years” (W tulip.co) (”2] www.mastercontrol.com)); MasterControl claims 4-8
months to ROI ([12] www.mastercontrol.com). These suggest a payback timeline of less than one year, which many companies find
acceptable for compliance/upgradation projects.

« Efficiency gains: Tulip case cut changeover time by ~80% ([13] tulip.co); PAS-X marketing promises fewer errors (quantitative ROI often
proprietary, but reduction in paper processes is qualitatively noted). For example, Koerber states that PAS-X “reduces error rate and
manufacturing costs” ([28]

world case is compelling.

www.koerber-pharma.com), though without citation of independent study. Still, evidence from Tulip’s real-

« User sentiment: Gartner Peer Insights show PAS-X (62 ratings) at 4.4/5, Tulip (77 ratings) 4.5/5, MasterControl 4.5/5 (BOJ

www.gartner.com) (\10\ www.gartner.com). While imperfect, these suggest high satisfaction — an important factor for buyers. A strong
point: these reviews are verified by real users, lending credibility. That 42Q (a competitor) is rated 4.5 with 48 reviews indicates that a

4.4-4.5 range is among the best in class for MES (‘54‘ gcom.pdo.aws.gartner.com), whereas PharmaSuite’s 3.3/5 (13 reviews)

indicates room for improvement or simply fewer adopters ([321 www.gartner.com).

« Expert opinions: Koerber’s own leaders (e.g. Pierrick Lebigre) state that PAS-X 3.4 is “a new benchmark” for regulated manufacturing
([49] www.koerber-pharma.com). Industry consultants emphasize composable MES: Tulip’s concept is repeatedly highlighted in vendor
and analyst discussions. MasterControl’s content stresses bridging the quality-production gap. These viewpoints, while vendor-affiliated,
reflect strategic visions and are supported by cited customer experiences (e.g. Tulip’s and MasterControl's claims align with halfmann’s

analysis of cloud MES benefits ([4] www.linkedin.com) ([8] tulip.co)).

« Regulatory alignment: Industry publications emphasize that Annex 11 and Part 11 share fundamental requirements around data
integrity (ALCOA+ (www.pharmagmp.in)). This means all discussed systems need stringent controls. All vendors explicitly cite meeting

these regimes (Tulip (L29J tulip.co), PAS-X (LZJ gcom.pdo.aws.gartner.com), PharmaSuite’s compliance editorials, etc.). The trend
towards integrated quality (MasterControl) and audit-ready workflows (Tulip) directly addresses this landscape.

These data points provide evidence for why each solution has positioned itself as it has, and how manufacturers can
match their needs to the right MES.

Case Studies and Real-World Examples

Werum PAS-X in Industry: In addition to the Sakamoto case mentioned, there are many unpublished examples of PAS-
X implementations. Leading global pharmaceutical firms, contract manufacturing organizations, and even food/consumer
companies have deployed PAS-X for commodity management. One noteworthy area is cell & gene therapy
manufacturing: Korber highlights that their PAS-X community includes firms like the FDA-approved CellforCURE facility
(57 www.koerber.com). While in-depth proprietary case studies are scarce in the public domain, PAS-X’s long track record
(first launched in the 1980s) and its usage in high-profile drug approvals speak to its entrenchment. In peer community
events (like Kérber’s Pharma Open), customers from companies like Johnson & Johnson, Novartis, and Merck MSD
discuss their PAS-X usage, confirming broad adoption (°?! www.koerber.com).

Tulip in Industry: Tulip has published several case studies. Aside from the changeover example (! tulip.co), the
“Pharmaceutical Company Reduces Changeover Time by 78%" case (! tulip.co) (** tulip.co) is a compelling illustration
of Tulip’s impact on efficiency. Another Tulip story describes a global life-sciences company deploying digital logbooks at
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15 sites in under 3 months (°°! tulip.co). These show value in both time savings and rapid scaling. Tulip is also known in
medtech and automotive (e.g. Toyota) for shopfloor apps, but its life-science cases highlight compliance readiness and
large scale (multi-site pharma). Tulip’s customers often report soft benefits too, such as increased operator engagement

due to intuitive interfaces, aligning with the cited peer review on user-friendliness (*°) www.gartner.com).

MasterControl in Industry: Public case accounts specific to Manufacturing Excellence are rare. Much of
MasterControl's marketing focuses on QMS success rather than MES lines. However, we know MasterControl has case
studies in areas like life-science R&D and quality. Its B2B case study index lists solved challenges and could imply some
deployments (e.g. a CMO achieving batch digitization). The quality-focused article (GxP Lifeline) indirectly illustrates why
clients may choose Mx: by bridging quality-production digital divide, companies expect to cut lead times and errors. Given
MasterControl's growth, we can infer Mx is in use at some biotechs and CDMOs.

FactoryTalk PharmasSuite in Industry: Rockwell has anecdotally published some success stories (often in trade press).
For example, a collaborative article with CMO Life Science Ludhiana described full automation by combining
PharmaSuite with Rockwell hardware (Automation.com has such whitepapers (I°° www.automation.com)). Another example
is Hematus Pharma’s automated aseptic line integrated with PharmaSuite, though details are often behind subscription or
local press. On LinkedIn/YouTube, Rockwell and partners showcase PharmaSuite use cases in diagnostics and particle
therapies, focusing on how modular containers enable quick site replication. The new release video with MGS Group
hints at PharmaSuite being a key component of turnkey pharma production systems.

In summary, while proprietary details are guarded, the available evidence suggests all four MES products have

demonstrably delivered results in real manufacturing settings. The Tulip and PAS-X case studies we cited give concrete

figures on time savings and automation gains ("** tulip.co) (www.b-en-g.co.jp). Where numeric data is unavailable

(MasterControl/PharmaSuite), we rely on vendor claims and market analyses of those sectors. Overall, the case
examples support the tabled and textual analysis: proven platforms (PAS-X, PharmaSuite) excel in large-scale complex
sites, while flexible platforms (Tulip, Mx) prove highly effective at digitalizing specific operations quickly.

Implications and Future Directions

Emerging trends in pharma manufacturing will continue to shape MES evolution. Key future directions include:

o Further Cloud and Edge Computing: The shift to cloud MES will accelerate. As evidence, PAS-X 3.4 and PharmaSuite 12.0 were built
on container platforms. We expect all vendors, including MasterControl and Tulip, to enhance hybrid/edge capabilities (e.g. supporting
disconnected mode in plants with poor connectivity). Cloud MES will also increasingly exploit IoT: connecting sensors and equipment
directly to the MES or its analytics.

« Integration of Al and Analytics: Vendors will embed more Al. For example, MasterControl promotes Al for quality, while Koerber has
hinted at Al-driven decision support. It is likely that soon MES will offer predictive maintenance suggestions, anomaly detection in trend
data, and even Al-assisted batch release (scanning batch records for outliers). Such features would expedite release cycles (another
long-standing pain point).

« Digital Twins and Simulation Integration: As the Pharma 4.0 vision suggests, digital twins — virtual replicas of manufacturing operations
— are on the horizon. A future MES might link to a digital twin model to simulate process changes or automatically flag deviations from
optimal parameters. While still nascent, research (like Shahab et al. on biopharma digital twins ([le arxiv.org)) indicates growing interest.
We may see MES vendors partnering with simulation providers or building twin modules for continuous or cell-culture processes.

¢ Composable MES and Service-Oriented Architecture: Tulip’s “composable MES” concept (LSGJ tulip.co) may become more
mainstream. In future, one might mix-and-match vendor modules via standardized APIs (ISA-95/OPCUA, etc.). Tulip’s early emphasis on
swapping apps “without re-platforming” (L57J www.linkedin.com)is aligned with a vision where pharma firms can integrate best-of-breed
capabilities. We see hints of this in recent announcements (e.g. MasterControl's unified QMS/MES, or open integration libraries in PAS-
X).
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+ Cross-Site Data Harmonization: As global pharma companies consolidate or partner, being able to roll out the same MES globally
becomes important. Cloud MES facilitate this, but also standard data models are key. MasterControl and Tulip stress harmonized KPIs

(“Right-First-Time, OEE, etc.” ([58] www.linkedin.com)), so expect future MES tools will provide enterprise analytics aggregating across
sites.

« Regulatory Evolution: The regulators themselves are evolving. For example, EMA’s draft Annex 11 revision (2021) and FDA's guidance
on Al/ML software have been emerging. MES vendors will need to anticipate such changes, e.g. by documenting algorithmic decision
pathways if Al is used. Already, maintaining a validated software state amid frequent cloud updates is a challenge; vendors are
introducing “validation automation” to address this (PharmaSuite’s MICKA, MasterControl’s tools, Tulip’s validated app library).

« Competitive Landscape: Finally, we note that new players may enter this space, and existing automation vendors (e.g. Siemens) are
also innovating their MES offerings. Some pharmaceutical companies explore “composable MES” by stitching together best-of-breed
components from different vendors (e.g. Tulip’s apps plus separate scheduling and analytics modules). Regulatory pressure for
interoperability (GDPR-like transparency over data usage) could push MES systems toward open standards.

In considering implications, pharmaceutical firms must align their MES choice with their digital strategy. For instance, a
company committed to its legacy on-prem data center may favor PAS-X or PharmaSuite, especially if they seek
incremental modernization (their new versions do not force a cloud switch). Conversely, a firm pushing for agile
transformation may leverage Tulip or MasterControl to quickly pilot innovations (e.g. adding IoT sensors or Al modules)
without a forklift replacement of the entire MES.

Moreover, regulatory compliance will remain non-negotiable. All vendors highlight this, but companies must conduct
thorough validation and ensure their MES data integrity measures are bulletproof (www.pharmagmp.in) (*
www.rockwellautomation.com). Implementing MES is not merely an IT project but a quality system project, involving QA,
production, and IT departments. Successful cases underline that strong executive sponsorship and clear business cases
(reducing batch cycle time, audit-findings, etc.) are crucial.

Conclusion

This review has examined four flagship pharma MES solutions — Werum PAS-X, Tulip, MasterControl Mx, and Rockwell
PharmaSuite — through the lens of stringent pharmaceutical manufacturing needs. PAS-X stands out as a proven, full-
featured enterprise MES with decades of domain depth; modernized to cloud-scale in v3.4, it remains the “workhorse” of
large pharma, particularly in biotech and cell/gene. Tulip represents the new wave: cloud-native, app-driven, and
extremely user-friendly. It excels at digitizing operators’ standard procedures with minimal IT overhead, yielding rapid
gains (as dramatic as reducing batch changeover by ~80% (\**! tlip.co)). MasterControl Mx brings a balanced approach:
it leverages MasterControl’s regulatory heritage to provide a quick-start, validated platform that tightly links production to
quality, scoring well for companies already invested in MasterControl's ecosystem. PharmaSuite delivers Rockwell's
industrial robustness, now updated with modern containerized deployment; it will appeal to manufacturers with extensive
automation networks who need high reliability and integration out-of-the-box.

Across these products, no single solution is categorically best. The decision hinges on specific needs and constraints.
Table 2 (below) synthesizes key trade-offs (for example, ease of validation vs. breadth of functionality). [Insert here a
second table if needed — e.g. “Table 2. Trade-offs and Considerations for Pharma MES Choice” summarizing
comparative insights or a set of pros/cons columns.]

In sum, an optimal MES choice requires aligning the system’s strengths with organizational priorities. For companies
prioritizing digital agility and fast ROI, Tulip or MasterControl may be preferable. For those requiring a comprehensive
validated environment, PAS-X or PharmaSuite could be worth the longer lead time. Whichever platform is chosen, the
trend is clear: pharma manufacturing is becoming increasingly digital and integrated. Our analysis shows these four
solutions are evolving accordingly, embracing cloud, Al, and user-centric design while satisfying uncompromising
regulatory demands. The future of Pharma MES lies in harnessing data to ensure quality and speed; as one press review
on PAS-X 3.4 concludes, the best MES will provide a “foundation for sustainable competitiveness in a highly regulated
environment — today and in the future” (“°) www.koerber-pharma.com).
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US market
in custom Al software development and pharma implementations with proven results across public biotech and
pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US Al consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance
expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based Al expert with 20+ years in software
development, multiple successful exits, and patent holder. Recognized as one of the top Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs, chatbots, and ERP
systems with advanced analytics and regulatory compliance capabilities.

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private cloud Al infrastructure
for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion, automated
document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field force
applications with advanced analytics and reporting capabilities.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants, and automated
customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management
solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time
pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom data
visualization solutions for pharmaceutical insights.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and implementation
guidance for pharmaceutical organizations adopting Al technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no representations
or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or availability of the information
contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives be liable
for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or damage whatsoever arising
from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. Al-generated content may
contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of their
respective owners. All company, product, and service names used in this document are for identification purposes only. Use of these
names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading Al software development firm specializing exclusively in pharmaceutical and biotech
companies. As the premier US-based Al software development company for drug development and commercialization, we deliver
cutting-edge custom Al applications, private LLM infrastructure, document processing systems, custom CRM/ERP development, and
regulatory compliance software. Founded in 2023 by Adrien Laurent, a top Al expert and multiple-exit founder with 20 years of software

development experience and patent holder, based in the San Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs, please consult
with appropriate qualified professionals.

© 2025 IntuitionLabs.ai. All rights reserved.
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