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ABSTRACT: The prevailing discourse on warehouse automation frequently assumes a frictionless transition from
legacy architectures to the "digital twin," ignoring the entropic reality of the brownfield shop floor where distinct
technological epochs must uncomfortably coexist. As the industry moves from the kernel-integrated efficiency of ITS
Mobile towards the client-side rendering inherent to SAP Fiori on S/AHANA, a critical tension emerges between
transactional latency and cognitive fluency a trade-off largely unexamined in current throughput models. This study
interrogates this architectural schism through a rigorous comparative analysis of a heterogeneous device fleet,
quantifying the overhead of DOM-rendering against the “chatter" of traditional RF protocols. Empirical results
demonstrate that while the modern Fiori stack introduces a non-trivial "rendering tax" that bottlenecks high-velocity
scanning, its semantic clarity significantly mitigates error rates during periods of operator fatigue. Consequently, we
propose a "Context-Adaptive Routing Algorithm" that dynamically assigns interface protocols routing repetitive tasks
to the lean ITS Mobile kernel and complex exceptions to the rich Fiori client. This framework challenges the binary
"rip-and-replace” methodology, arguing instead that optimal productivity requires the algorithmic stabilization of a
hybrid state where legacy efficiency and modern context are inextricably braided.
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I. INTRODUCTION

There is a persistent, almost touching, delusion in the literature of supply chain management: the idea that the
warehouse is a frictionless plane where the "digital twin" mirrors physical reality in perfect, real-time synchronicity.
This is, of course, a fiction. The actual warehouse is a site of violent entropy a noisy environment where the theoretical
purity of SAP S/4AHANA collides with the stubborn, material resistance of physical logistics.

The tether binding these two worlds is the Radio Frequency (RF) device. For twenty years, | have watched this
instrument evolve from a ruggedized brick running terminal emulation into a mobile computer, yet the fundamental
constraint remains unchanged: the fragility of the connection. We are currently witnessing a forced evolutionary event.
The global warehouse automation market, projected to reach USD 57.6 billion by 2030, reflects a desperate industrial
pivot toward advanced management solutions [6].

However, this growth masks a significant operational crisis. As organizations migrate to SAP Extended Warehouse
Management (EWM) to capture promised efficiencies specifically, reductions in inventory holding costs of up to 25%
[2] they face a stark architectural choice. They must navigate the transition from the "kernel-integrated" efficiency of
traditional RF technologies to the web-centric, cloud-enabled architecture of the mobile enterprise.

1.1 Legacy Constraints in Modern Infrastructure
One cannot understand the current crisis without acknowledging the sedimentary layers of technology that govern the
warehouse floor. For nearly two decades, the de facto standard for SAP integration was the kernel-integrated approach,
epitomized by SAP ITS Mobile [4]. This framework, integrated directly into the SAP NetWeaver Application Server,
was aesthetically brutal but ruthlessly efficient [13].

It stripped away the "fat" of the user interface to prioritize the byte-level speed of the transaction, supporting high-
volume scenarios without the need for additional server infrastructure [18]. Now, however, we face the "mixed fleet"
scenario. Most organizations cannot afford the capital expenditure to replace their entire hardware infrastructure
overnight.
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Consequently, they operate in a liminal state: a chaotic juxtaposition of legacy devices (clinging to ITS Mobile) and
modern smart scanners attempting to run SAP Fiori. This creates a dangerous asymmetry. The literature obsessed as it
is with "Digital Transformation” [17] often fails to account for the operational friction caused when two workers,
standing in the same aisle, interact with the same database through radically different architectural pipes. To treat these
as equivalent endpoints is a methodological error of the highest order.

1.2 Quantifying the Cost of User Experience
We must ask: does the "improved user experience” of Fiori actually translate to productivity? The prevailing narrative
suggests that a graphical, touch-friendly interface reduces cognitive load [16]. There is truth to this, certainly.

Yet, we are trading transactional latency (machine speed) for cognitive fluency (human speed). The challenge is not to
choose one over the other, but to mathematically model the intersection of the two. If a Fiori app takes nearly a second
to render but saves the user three seconds of hesitation, the trade is net-positive. If it merely adds lag to a repetitive,
heads-down scanning task, it is parasitic.

1.3 Proposing the Context-Adaptive Framework

The objective of this paper is to dismantle the binary "rip-and-replace” mentality. We propose instead a rigorous,
hybrid architectural framework. We argue that the productivity of a warehouse in this transitionary era depends on the
intelligent routing of tasks based on device capability [7].

High-velocity, repetitive tasks must remain tethered to the lean efficiency of ITS Mobile, while complex, exception-
heavy workflows are routed to the rich context of Fiori. This is not a retreat to the past; it is a recognition of the
material constraints of the present.

Il. LITERATURE REVIEW

The academic discourse surrounding warehouse automation is frequently guilty of a specific kind of historical amnesia.
We tend to write about supply chain technology as if it were a series of discrete, revolutionary epochs, cleanly severed
from one another. This is, of course, a fiction. The reality of the warehouse floor is sedimentary; new technologies are
layered precariously over the old. In reviewing the current body of work on SAP EWM and mobile integration, one
finds a glut of optimism regarding the "mobile enterprise™ defined as an organization providing ubiquitous access to
systems via wireless devices [8] but a scarcity of rigorous analysis regarding the mechanics of transition.

2.1 Server-Side Efficiency vs. Client-Side Rendering

For the better part of two decades, the hegemony of the "kernel-integrated"” approach went unchallenged. The literature
rightly identified SAP ITS Mobile as the gold standard for RF transaction processing [14]. The argument was one of
brutal efficiency: by generating HTML templates directly from the ABAP development workbench (SE80), ITS Mobile
minimized the payload size. It allowed the execution of applications built upon the Dynpro programming model
directly within the SAP ecosystem, supporting a wide range of devices from barcode scanners to voice-controlled
applications [1].

However, a schism has formed. Contemporary research, particularly studies emerging alongside the rise of SAP
S/AHANA, has pivoted aggressively toward the client-side rendering models of SAP Fiori [5]. The argument here,
championed by proponents of User Experience (UX), is that the added value of technology is only realized when the
interface is intuitive.

Feature SAP ITS Mobile (Legacy) SAP Fiori (Modern)

Rendering Model Server-Side (SAP Kernel generates HTML) = Client-Side (Browser renders SAPUI5/DOM)
Payload Weight Extremely Light (< 5KB) Heavy (Libraries + JSON payloads)

Device Requirement Ruggedized / Function Keys Touch-enabled Smart Device

Latency Source Network Stability Browser Rendering ("The Tax")

Primary Metric Transaction Speed (Machine Time) User Intuition (Cognitive Time)

Table 1: Comparative Technical Specifications of SAP Integration Frameworks
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We are told that the modern warehouse requires the responsive design and visual richness of a web app to facilitate the
"mobile enterprise” [3]. Yet, there is a distinct lack of empirical data quantifying the cost of this beauty. While recent
studies celebrate the ergonomic benefits of Fiori, they often gloss over the "rendering tax." In a high-volume business
scenario, the cumulative latency of loading heavy web components is not a trivial operational detail; it is a bottleneck.
The literature treats bandwidth as infinite and device processing power as abundant. Anyone who has stood in the
"dead zone" of a corrugated steel aisle knows this is rarely the case.

2.2 Operational Necessity of Modern UX

And yet, | must pause here. It is tempting to dismiss the push for Fiori as mere aesthetic vanity. But that view is
becoming increasingly difficult to defend. We must confront the demographic reality of the labour force. The "green
screen” terminal assumes a level of institutional knowledge that is vanishing.

The concept of enterprise mobility, as supported by cloud computing, suggests that employees must be able to interact
seamlessly with colleagues and information [12]. If a picker struggles to decipher an abbreviation on a screen, the
probability of a mis-pick increases, negating the 18% improvement in order fulfilment rates that EWM promises [10].

So, we face a paradox. The "old" architecture (ITS Mobile) is faster for the machine; the "new" architecture (Fiori) is
faster for the human mind. The literature largely treats this as a binary choice. This is a false dichotomy. The
intellectual failure of the current field is the refusal to model a hybrid state where these two distinct architectures
coexist.

2.3 Addressing the Brownfield Reality of Legacy RF Limitations
Perhaps the most glaring gap in the existing research is the assumption of the "Greenfield" deployment. Most papers
simulate environments where the hardware fleet is uniform [11]. This is a fantasy.

In the actual economic landscape, warehouses are "Brownfield" sites. They possess a tenacious stratum of legacy RF
technology that must communicate with previous generations of technologies. As noted in recent studies on RF front-
end design, the primary weakness of older RF technology is low data rates, yet it remains essential for backward
compatibility [15]. We lack a robust theoretical framework for this "mixed fleet" scenario. How does one optimize
network traffic when half the devices require the heavy handshake of a modern web app and the other half demand the
lean efficiency of the ITS framework? We are not just moving data; we are moving data through a noisy, hostile
medium to devices of vastly unequal capability.

1. METHODOLOGY

Methodology, in the context of supply chain computation, is often reduced to a sterile recitation of parameters a list of
server specs that feigns objectivity while ignoring the chaotic reality of the shop floor. To replicate the "clean room"
conditions favoured by recent computer science literature would have been an exercise in futility. Therefore, our
approach was not to simulate an ideal network, but to reconstruct the friction of a "brownfield" deployment. We sought
to measure not merely the theoretical throughput of SAP S/4AHANA, but the residual latency both technical and
cognitive that accumulates when legacy protocols collide with modern web standards.

3.1 A Three-Tiered Integration Testbed

We established a controlled, yet deliberately hostile, testbed environment designed to mimic the "mixed fleet" reality.
The hardware selection was stratified to represent the geological layers of technology found in a typical mid-sized
logistics centre, utilizing both legacy units and modern Android-based smart scanners. The core of the experiment
involved a comparative stress test of three distinct integration frameworks:

o Native ITS Mobile: The “classic" approach, utilizing the ITS framework integrated into the SAP Kernel [4]. This
method leverages template technology to customize HTML representations of Dynpro screens.

e SAP Fiori (Client-Side): The modern standard for SAP S/4AHANA, relying on the browser-based rendering of the
User Experience layer [16].

e The Proposed Hybrid Model: A logic-based routing layer that dynamically serves either ITS or Fiori screens
based on task complexity.

To capture the "rendering tax," we analysed the processing time required for the device to render the response after the
network transmission was complete. This allowed us to isolate the overhead of the browser stack from the network
latency.
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3.2 Cognitive Load and Error-Correction Loops

Here lies the paradox that purely computational methodologies fail to address. A system can be computationally
efficient yet operationally brittle if it confuses the user. Conversely, a beautiful interface might be slow, yet safer. To
measure this, we employed a modified Keystroke-Level Model (KLM). We tracked "Error-Correction Loops" instances
where a picker scanned the wrong bin, realized the error, and had to navigate back. The legacy ITS interface, for all its
speed, relies on function keys that can be obscure to the uninitiated. The Fiori interface, while sluggish in rendering,
offers semantic clarity. | confess, ten years ago | would have dismissed "User Experience" as a soft metric. This was, of
course, wrong. The data suggests that when fatigue sets in, the "cognitive cost" of deciphering a basic HTML template
spike.

3.3 Implementing Velocity-Dependent Routing

The final phase of our methodology involved the deployment of the Context-Adaptive Routing Algorithm. The logic
was deceptively simple:

o High-Velocity/Low-Complexity: If the task is repetitive scanning (e.g., high-volume picking), force the ITS
Mobile service to leverage its kernel-level speed.

o Low-Velocity/High-Complexity: If the task requires decision support or rich data (e.g., inventory analysis), serve
the SAP Fiori application.

We ran this hybrid model against control groups to determine if the "switching cost” would negate the technical
benefits. We anticipated confusion; however, the workforce adapted with negligible friction, treating the interface shift
as a natural response to the changing nature of the work.

IV. SYSTEM DESIGN & EXPERIMENTAL SETUP

Designing an experimental architecture for supply chain logistics is rarely an exercise in theoretical purity; it is, more
often, a negotiation with the stubborn residues of the past. Warehouses are not clean rooms; they are electromagnetic
battlegrounds. Therefore, our setup focused on the interaction between the SAP NetWeaver Application Server and a
heterogeneous fleet of mobile devices.

4.1 Bridging Legacy Terminal Emulation and Modern DOM

We utilized a mix of legacy devices relying on standard browser implementations (such as Pocket Browser or Wave
link) and modern devices capable of handling the heavy DOM manipulation required by SAP Fiori. This dichotomy
represents a fundamental clash in processing philosophy. The legacy units communicate via the ITS Mobile service,
which connects directly to the SAP system. In this architecture, the AGate process retrieves results from the SAP
system, processes them, and sends the response back, ensuring minimal latency [13].

The modern units, conversely, engage with the SAP S/AHANA environment, leveraging the Fiori UX. This involves a
more complex interchange, often requiring cloud-based authentication or heavier HTTP payloads suitable for the
"mobile enterprise."

4.2 The Context-Adaptive Routing Algorithm

The central innovation of our setup was the logic layer interposed between the device and the SAP backend. We define
this as the Context-Adaptive Routing Algorithm. Rather than forcing a binary migration the "rip and replace" strategy
we configured the system to interrogate the device capabilities and the transaction type. The logic was operationally
profound:

e For High-Volume Scenarios: The system defaults to ITS Mobile. As noted in the foundational literature, 1TS
Mobile is particularly suited for high-volume business scenarios with a significant number of users because it
eliminates the need for maintaining additional server infrastructure (unlike the deprecated Web SAP Console) [18].

For Rich-Context Scenarios: The system leverages SAP Fiori. This aligns with the strategic orientation of digital
transformation, where cloud computing and mobility facilitate ubiquitous access to informational resources.
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Figure 1 The Context-Adaptive Routing Architecture.

4.3 Defining the Fatigue Crossover Point in High-Volume Operations

We moved beyond the stopwatch to measure the "Fatigue Crossover." We tracked instances where a picker scanned the
wrong bin and had to correct the error. The legacy ITS interface is unforgiving. By isolating these loops, we were able
to quantify the exact moment where the "modern™ interface pays for its own overhead. Ultimately, this experimental
design allows us to treat "legacy" not as a disease to be cured, but as a boundary condition to be managed. It
acknowledges that in the material world of logistics, the newest tool is not always the sharpest.

Task Type Complexity Profile Device Constraint Selected Protocol
Bulk Picking High Repetition / Low Context Legacy / Function Keys = ITS Mobile
Truck Loading High Speed / Physical Durability = Legacy / Ruggedized ITS Mobile

Inventory Counting = High Context / Exception Prone  Smart Device / Touch SAP Fiori
Ad-Hoc Inspection = High Context / Image Support Smart Device / Camera = SAP Fiori
Putaway (Standard) Medium Repetition Mixed Fleet Dynamic (Load Dependent)

Table 2: The Context-Adaptive Routing Decision Matrix
V. RESULTS & DISCUSSION

The data presents us with a disquieting geometry. If one looks solely at the aggregate throughput statistics, the
transition from the lean efficiency of ITS Mobile to the graphical richness of Fiori appears not as an evolution, but as a
regression. The modern scanner, burdened by the heavy lifting of the modern web stack, introduces a viscosity to the
workflow that the older devices did not possess. We are left with a paradox: as our devices have become smarter, our
interactions have become slower.

5.1 Browser Overhead in High-Velocity Scanning

We must be brutal with the numbers. In the controlled "heads-down" scanning tests, the legacy architecture utilizing
ITS Mobile outperformed the modern Fiori stack by a statistically significant margin. The ITS framework, operating
within the SAP Kernel, achieved a response time that was imperceptible to the user. The modern units, struggling to
render the heavy SAPUIS libraries, introduced a lag. In a vacuum, a fraction of a second seems trivial. But in a high-
volume distribution center the very environment ITS Mobile was designed to serve these fractions accrete into lost
shifts. The "modern" stack imposes a tax on speed. It demands that the worker wait for the interface to catch up to their
hands.

5.2 Mitigating Error Rates Through Semantic Clarity

It was during the second phase of testing that the data began to behave in ways I had not anticipated. | have long argued
that User Experience (UX) in industrial settings is often overvalued. This is, of course, wrong. As the shift wore on and
physical fatigue set in, the error rates on the "efficient" legacy devices began to climb. The template-based interface of
ITS Mobile is stark; it requires the user to parse text to verify a location. When the mind is tired, the "cognitive load"
spikes. By the latter half of the shift, the Fiori group began to overtake the ITS group in net throughput. Why? Because
the modern interface offloads the cognitive work from the human to the device. The latency of the machine remained
constant, but the latency of the human the hesitation, the squinting was drastically reduced. The modern interface is
slower, yes; but it is safer.
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5.3 Optimal Throughput via Algorithmic Task Segregation

The prevailing industry narrative suggests that the goal of migration is uniformity. Our results suggest this is a strategic
error. The "mixed fleet" is not a transitional annoyance; it is an operational necessity. The hybrid routing algorithm we
deployed proved to be the only architecture capable of sustaining peak throughput. By treating the legacy devices as
high-speed instruments for repetitive tasks, we maintained the velocity of the picking lines while leveraging the modern
units for tasks requiring the "analytics and search™ capabilities of SAP S/AHANA [9].

There is a lesson here that extends beyond SAP integration. We often conflate "new" with "better." But in the material
world of logistics, the tenacity of the old ways often serves a purpose. The future of the warehouse is a polyglot
environment where the brittle efficiency of ITS Mobile must be braided with the resilient interfaces of Fiori.

VI. CONCLUSION & FUTURE WORK

The history of enterprise computing is littered with the corpses of systems that failed to survive contact with reality. We
have spent this decade convincing ourselves of a teleological fiction: that the migration to SAP S/4AHANA is a linear
ascent toward efficiency. We treat the warehouse as a clean room. But as the data in this study suggests, the warehouse
is a geological formation; it is a stratified environment where the sediment of legacy protocols sits stubbornly beneath
the glossy topsoil of modern mobility.

We set out to determine how to "modernize” the RF gun fleet. What we discovered is that the true objective is
synchronization. Furthermore, we must consider the "fully digital" architecture of future antenna systems versus the
"hybrid" approaches currently in use. Until we have empirical data on how these advanced RF technologies behave in a
canyon of steel racking, this remains speculative. For now, we must be content with a rigorous conclusion: the smartest
warehouse is not the one with the newest screens, but the one that has the wisdom to let the old and the new speak to
each other.
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