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Research Note

This document presents a conceptual framework for evaluating execution efficiency in
Al-mediated commerce systems. The framework was developed through benchmarking
research conducted on Al-assisted WooCommerce environments utilizing the
UCPReady execution layer.
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1. EXECUTIVE SUMMARY

The emergence of Al-mediated commerce systems represents a fundamental shift in
how transactions are executed across digital infrastructure. Unlike traditional graphical
user interface (GUI) driven e-commerce, where human users navigate visual elements
to complete purchases, Al systems now directly execute commerce protocols through
programmatic interfaces. This transition introduces a new class of infrastructure
challenges centered on what we term "execution stability"—the degree to which
Al-generated protocol calls align with backend API specifications.

This research addresses a critical question: How does execution protocol stability affect
conversion performance and infrastructure efficiency in Al-driven commerce
environments? Through controlled benchmarking of Al-assisted WooCommerce
environments powered by UCPReady infrastructure, we have identified measurable
relationships between protocol alignment, conversion rates, and computational resource
consumption.

Our findings reveal that protocol misalignment creates what we characterize as
"execution friction"—a pattern of retry loops, parameter mismatches, and checkout
transition failures that degrades both customer experience and infrastructure efficiency.
In benchmark scenarios involving 100,000 monthly Al-mediated sessions across a
42,000 SKU catalog, execution friction resulted in a 25% decline in conversion
performance relative to baseline expectations, translating to a €384,000 annual gross
merchandise value (GMV) impact.

Beyond revenue implications, execution friction imposes what we term an "efficiency
tax" on infrastructure resources. Unstable protocol execution generates approximately
two additional search operations per session, scaling to roughly 160,000 unnecessary
tool calls per day in high-volume environments. This computational waste compounds
across token consumption, API call volume, server load, and session latency.

This briefing introduces the Al Commerce Execution Efficiency Framework, a four-layer
analytical model for measuring and optimizing protocol stability. The framework
encompasses Al session efficiency, protocol stability, commerce funnel continuity, and
economic output—providing a structured approach to evaluating execution performance
in Al-driven commerce systems. The ACEE framework was developed through
controlled benchmarking of Al-assisted WooCommerce environments using the
UCPReady execution layer.



Key findings include: (1) protocol stabilization reduces token consumption by
approximately 50% per session; (2) argument normalization decreases search retry
rates by 40%; (3) deterministic checkout flows restore conversion rates to baseline
expectations; and (4) the economic impact of execution stability scales linearly with
session volume, making it an increasingly critical infrastructure variable as Al-mediated
commerce adoption accelerates.

This research positions execution efficiency as an emerging key performance indicator
(KP1) for commerce infrastructure, comparable in importance to traditional metrics such
as uptime, latency, and throughput. As Al systems assume greater responsibility for
transaction execution, the alignment between Al-generated protocol calls and backend
specifications becomes a competitive differentiator and a fundamental requirement for
operational viability.

Initial research and infrastructure development for this framework were conducted by
the Zologic Research Division.



2. BACKGROUND: THE SHIFT TO AI-MEDIATED COMMERCE
DEFINITION: Al COMMERCE EXECUTION EFFICIENCY (ACEE)

Al Commerce Execution Efficiency (ACEE) measures the ability of commerce
infrastructure to execute Al-generated transaction protocols with minimal retries,
minimal computational waste, and deterministic completion of commerce flows from
product discovery through checkout.

ACEE is calculated as a composite index incorporating four primary dimensions:

e Session Efficiency: Token consumption and API call reduction relative to baseline
patterns

e Protocol Stability: Parameter alignment success rate and retry frequency across
operation types

e Funnel Continuity: Stage-to-stage completion rates and abandonment patterns
through the complete transaction flow

e Economic Impact: Conversion rate, average order value, and gross merchandise
value outcomes

ACEE provides a unified framework for evaluating how commerce infrastructure
performs under Al-mediated transaction execution, comparable in importance to
traditional performance metrics such as uptime, latency, and throughput. As this briefing
demonstrates, ACEE has become a critical differentiator for commerce platforms
seeking to capture value from Al-mediated commerce adoption.

RESEARCH CONTEXT

This briefing is based on benchmarking conducted by the Zologic Research Division
(https://zologic.nl) while analyzing Al-assisted commerce transactions in WooCommerce
environments powered by the UCPReady execution infrastructure layer.

The research compares two distinct execution configurations:

e UCPReady (Base): Standard parameter handling without protocol normalization

e UCPReady + Pro: Enhanced with argument normalization, schema alignment,
and deterministic checkout flow capabilities
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This comparison reveals the structural impact of protocol stabilization on execution
efficiency, conversion performance, and infrastructure costs. The findings establish a
foundation for understanding how commerce platforms can optimize Al-mediated
transaction execution at scale.

Traditional e-commerce architecture has been optimized for human interaction through
graphical user interfaces. Users navigate product catalogs through visual search
interfaces, add items to shopping carts via button clicks, and complete purchases
through multi-step checkout forms. This interaction model places the burden of
navigation, decision-making, and data entry on human users, while backend systems
respond to discrete, user-initiated actions.

The emergence of large language models (LLMs) and multi-model Al systems has
introduced a fundamentally different interaction paradigm. Al agents now execute
commerce workflows programmatically, bypassing graphical interfaces entirely in favor
of direct protocol execution. These systems interpret natural language user intent,
translate requirements into structured API calls, execute search queries, manage cart
state, and complete checkout processes—all without human intervention in the
mechanical aspects of transaction execution.

This architectural shift transforms the role of commerce infrastructure. Rather than
serving as a passive responder to human-initiated actions, backend systems must now
function as protocol partners to Al agents. The quality of this partnership depends on
precise alignment between the parameters Al systems generate and the specifications
backend APIs expect. Small discrepancies in parameter naming, data types, value
ranges, or call sequencing can trigger cascading failures that degrade both performance
and user experience.

Consider a typical Al-mediated product search scenario. A user provides natural
language input such as "find wireless headphones under €100 with noise cancellation."
The Al system must translate this intent into a structured search query with appropriate
parameters for price range, product category, and feature filters. If the Al generates a
parameter named max_price but the backend API expects price_max, the query fails.
The Al system must then retry with adjusted parameters, consuming additional tokens,
API calls, and time—while the user experiences unexplained delay.

This pattern repeats across every stage of the commerce funnel. Cart operations
require precise product identifiers, quantity specifications, and variant selections.
Checkout processes demand correctly formatted customer data, payment information,
and shipping preferences. Each protocol interaction represents a potential point of
failure if Al-generated calls do not precisely match backend expectations.

The implications extend beyond individual transaction failures. As Al-mediated
commerce scales from experimental implementations to production systems handling
thousands or millions of sessions, protocol misalignment creates systemic inefficiency.



Retry loops multiply across concurrent sessions, generating unnecessary computational
load. Token consumption escalates as Al systems repeatedly attempt to resolve
parameter mismatches. Session durations extend, increasing infrastructure costs and
degrading user experience. Conversion rates decline as users abandon sessions that
fail to progress smoothly through the purchase funnel.

This infrastructure challenge is not merely a technical inconvenience—it represents a
fundamental evolution in commerce system requirements. Just as the transition from
desktop to mobile commerce required responsive design and touch-optimized
interfaces, the shift to Al-mediated commerce requires protocol-level optimization for
programmatic execution. Commerce platforms designed exclusively for human
interaction through GUIs must now accommodate Al agents as first-class users, with
protocol specifications that support deterministic, low-friction execution.

The research presented in this briefing addresses this challenge by establishing a
framework for measuring and optimizing execution stability in Al-driven commerce
environments. By quantifying the relationship between protocol alignment and both
conversion performance and infrastructure efficiency, we provide a foundation for
evaluating the readiness of commerce systems to support Al-mediated transaction
execution at scale.

3. THE INFRASTRUCTURE CHALLENGE

Execution stability—defined as the consistency and reliability with which Al-generated
protocol calls successfully execute against backend commerce APIs—has emerged as
a critical infrastructure variable in Al-mediated commerce systems. Unlike traditional
performance metrics such as response time or throughput, execution stability measures
the semantic and structural alignment between Al system outputs and backend system
expectations.

Protocol misalignment occurs when Al-generated API calls contain parameters, data
structures, or sequencing that deviate from backend specifications. These deviations
may be subtle—a parameter name variation, an unexpected data type, a missing
required field—but their consequences cascade through the execution flow. When a
backend system receives a malformed or unexpected API call, it typically returns an
error response. The Al system must then interpret the error, adjust its approach, and
retry the operation. This retry loop consumes computational resources, extends session
duration, and introduces uncertainty into the user experience.

The customer impact of execution instability manifests in several ways. First, session
abandonment increases as users experience unexplained delays or failures during
product search, cart management, or checkout. Users interacting with Al commerce
systems expect fluid, conversational experiences; when the Al appears to struggle with
basic operations, confidence erodes and abandonment likelihood rises. Second,
checkout failures at the final conversion stage represent the most costly form of



execution instability, as users who have invested time in product selection and cart
assembly abandon purchases due to technical friction rather than purchase intent
changes.

From an infrastructure perspective, execution instability imposes what we characterize
as an "efficiency tax"—the unnecessary consumption of computational resources due to
retry loops and failed execution attempts. Each redundant search query, each repeated
cart operation, and each checkout retry consumes tokens (in the case of LLM-based
systems), API call capacity, server processing time, and network bandwidth. At scale,
these inefficiencies compound into substantial operational costs and infrastructure
capacity requirements.

Consider the resource consumption profile of a single Al-mediated shopping session in
an unstable execution environment. The Al system initiates a product search with
misaligned parameters, receives an error, analyzes the error response, reformulates the
query, and retries—potentially multiple times before achieving a successful result. This
pattern repeats for cart operations and checkout. A session that should require 8-12
API calls instead consumes 18-24 calls. Token usage doubles or triples as the Al
system processes error responses and reformulates requests. Session duration extends
from under two minutes to three minutes or more, increasing the likelihood of user
abandonment and requiring infrastructure to maintain session state for longer periods.

The challenge is further complicated by the diversity of Al models and architectures
deployed in commerce applications. Different LLMs exhibit varying degrees of protocol
adherence, parameter generation consistency, and error recovery capability. A
commerce backend optimized for one Al model may exhibit execution instability when
interfacing with a different model. Multi-model environments—where multiple Al systems
operate concurrently against the same backend—amplify this challenge, as protocol
alignment must be maintained across diverse Al architectures with different parameter
generation patterns.

Execution stability also interacts with traditional infrastructure concerns such as load
balancing, caching, and rate limiting. Retry loops generated by protocol misalignment
can trigger rate limiting mechanisms, further degrading performance. Cache invalidation
patterns optimized for human user behavior may not align with Al system access
patterns, reducing cache effectiveness. Load balancing algorithms designed to
distribute human user sessions may not account for the concentrated burst patterns of
Al retry loops.

The infrastructure challenge, therefore, is not simply to ensure that backend systems
respond quickly and reliably to well-formed requests—the traditional focus of
performance optimization. Rather, the challenge is to ensure that Al systems
consistently generate well-formed requests that align precisely with backend
specifications, minimizing retry loops and maximizing execution efficiency. This requires
a new layer of infrastructure capability focused on protocol alignment, argument
normalization, and deterministic execution flows.



As Al-mediated commerce transitions from experimental implementations to production
systems handling significant transaction volumes, execution stability becomes a
foundational requirement rather than an optimization opportunity. Commerce platforms
that fail to address protocol alignment will experience systematic conversion
underperformance and infrastructure inefficiency, while platforms that prioritize
execution stability will achieve competitive advantages in both customer experience and
operational cost structure.

4. Al EXECUTION FRICTION: PRIMARY FAILURE MODES

Through systematic observation of Al-mediated commerce sessions across diverse
model architectures and transaction scenarios, we have identified three primary failure
modes that characterize execution friction in unstable protocol environments. These
failure modes—redundant search retries, tool-call loop patterns, and checkout transition
failures—represent the most common and impactful sources of execution instability.

4.1 Redundant Search Retries

Product search represents the entry point for most Al-mediated commerce sessions and
the first opportunity for protocol misalignment to manifest. Search misalignment occurs
when Al-generated search queries contain parameters that do not match backend API
specifications. Common misalignment patterns include parameter naming variations
(e.g., max_price versus price_max), incorrect data type formatting (e.g., string versus
integer for numeric values), unsupported filter combinations, and missing required
parameters.

When a search query fails due to parameter misalignment, the Al system typically
receives an error response from the backend. The system must then interpret the error,
infer the correct parameter structure, reformulate the query, and retry. In benchmark
observations of unstable execution environments, we documented 3-5 search retry
attempts per session on average, with some sessions requiring up to 8 attempts before
achieving a successful search result.

This retry cascade behavior creates multiple negative consequences. First, token
consumption escalates dramatically as the Al system processes error responses and
generates reformulated queries. A single successful search might consume 800-1,200
tokens, while a search requiring four retries can consume 4,000-6,000 tokens—a 4-5x
increase. Second, session latency increases proportionally to retry count, with each
retry adding 3-8 seconds of delay depending on model response time and API
round-trip latency. Third, user experience degrades as the conversational interface
appears to struggle with basic search operations, eroding confidence and increasing
abandonment likelihood.



The infrastructure impact of redundant search retries extends beyond individual
sessions. In high-volume environments processing thousands of concurrent Al
sessions, search retry loops generate substantial unnecessary API load. A system
processing 100,000 daily sessions with an average of 2 redundant searches per
session generates 200,000 unnecessary search API calls daily—consuming server
capacity, database query resources, and network bandwidth that could otherwise
support additional legitimate traffic or be eliminated to reduce infrastructure costs.

4.2 Tool-Call Loop Patterns

Beyond search operations, Al commerce systems execute a variety of tool calls to
manage cart state, retrieve product details, apply discounts, and perform other
commerce operations. Tool-call loops occur when parameter mismatches cause
repeated failed attempts to execute these operations, trapping the Al system in a cycle
of error, reformulation, and retry.

Parameter mismatch represents the root cause of most tool-call loops. Commerce APIs
typically require precise parameter structures for operations such as adding items to
cart (product ID, quantity, variant specifications), updating cart contents (cart item ID,
new quantity), and applying promotional codes (code string, validation parameters).
When Al-generated tool calls contain parameter variations—even minor deviations such
as underscore versus camelCase naming conventions—backend systems reject the
calls, forcing retries.

The behavioral signature of tool-call loops differs from simple search retries. While
search retries typically resolve within 3—5 attempts as the Al system converges on
correct parameter structures, tool-call loops can persist for 6—10 attempts or more,
particularly for complex operations involving multiple interdependent parameters. In
extreme cases observed during benchmarking, Al systems became trapped in
persistent loops, repeatedly attempting the same operation with minor parameter
variations without achieving success, ultimately leading to session abandonment.

The server load implications of tool-call loops are particularly concerning because cart
and checkout operations typically involve database write operations, which are more
resource-intensive than read operations such as search. A tool-call loop involving
repeated cart update attempts generates multiple database transactions, each
consuming connection pool resources, transaction log capacity, and storage 1/0O. At
scale, tool-call loops can create database contention that degrades performance for all
users, not just those in Al-mediated sessions.

Session duration impact is also more severe for tool-call loops than for search retries.
Users who have successfully completed product search and are attempting to add items
to cart or proceed to checkout have demonstrated higher purchase intent. Extended
delays at this stage of the funnel—caused by tool-call loops—result in abandonment of
high-intent sessions, maximizing the revenue impact of execution instability.



4.3 Checkout Transition Failures

Checkout transition failures represent the most costly form of execution friction, as they
occur at the final conversion stage after users have invested significant time and
cognitive effort in product selection and cart assembly. These failures manifest as
inability to successfully transition from cart review to checkout initiation, or as failures
during checkout form completion and payment processing.

The distinction between deterministic and non-deterministic checkout execution is
critical to understanding transition failures. Deterministic checkout flows follow
predictable, consistent sequences of API calls with stable parameter structures,
enabling Al systems to reliably execute the checkout process. Non-deterministic flows
exhibit variability in required parameters, call sequencing, or state management,
creating uncertainty that leads to execution failures.

Cart-to-checkout protocol gaps are a common source of transition failures. Many
commerce platforms implement checkout as a distinct subsystem with different API
specifications than cart management. Al systems must navigate this transition by
correctly formatting checkout initiation requests, transferring cart state to checkout
context, and providing all required customer information in the expected structure.
Protocol gaps—such as different parameter naming conventions between cart and
checkout APIs, or undocumented required fields in checkout initiation—create failure
points that are difficult for Al systems to resolve through retry logic alone.

Abandonment rate correlation with checkout transition failures is particularly strong
because users at the checkout stage have the highest purchase intent. Benchmark data
indicates that checkout-stage abandonment due to technical friction (as opposed to
price concerns, shipping costs, or other purchase decision factors) can account for
15-25% of total abandonment in unstable execution environments. This represents
pure revenue loss attributable to infrastructure deficiency rather than market or product
factors.

The final conversion stage impact extends beyond immediate transaction loss. Users
who experience checkout failures develop negative associations with the commerce
platform and may avoid future purchase attempts. In Al-mediated contexts where users
interact through conversational interfaces or autonomous agents, checkout failures
undermine trust in the Al system's capability, potentially leading users to revert to
traditional GUI-based shopping or to switch to competing platforms.

Collectively, these three failure modes—redundant search retries, tool-call loops, and
checkout transition failures—constitute the primary sources of execution friction in
Al-mediated commerce systems. Addressing these failure modes requires systematic
protocol alignment, argument normalization, and deterministic execution flow
design—capabilities that form the foundation of the Al Commerce Execution Efficiency
Framework presented in the following section.



5. THE Al COMMERCE EXECUTION EFFICIENCY FRAMEWORK

4.4 \WHY TRADITIONAL COMMERCE INFRASTRUCTURE
STRUGGLES WITH Al EXECUTION

Traditional e-commerce infrastructure was architected around a fundamentally different
execution model than what Al-mediated commerce demands. Understanding why
protocol misalignment occurs requires examining the structural mismatch between how
traditional commerce systems were designed and how Al agents interact with them.

Human-Optimized Interface Design

Commerce platforms evolved to serve human users navigating through graphical
interfaces. API design for human-facing applications prioritizes flexibility and readability:
parameters are often loosely validated, naming conventions vary across different API
endpoints, and error messages are human-readable rather than machine-parseable.
Backend systems assume that API clients (typically frontend applications) maintain their
own validation logic and parameter normalization.

In this model, parameter structure variations—such as max_price in one endpoint and
price_max in another—are acceptable because human developers maintain explicit
mapping logic in frontend code. Variation in required versus optional parameters,
differences in acceptable data types, and inconsistent error response structures create
friction for human developers, but this friction is absorbed through careful API
documentation and explicit client-side handling.

Al Agents as Implicit Clients

Al systems operate under fundamentally different constraints. Large language models
generate parameters based on learned patterns from training data and prompt
engineering. When an LLM encounters an API specification, it attempts to infer the
correct parameters through pattern matching and logical reasoning. But LLMs cannot



reliably maintain complex parameter mappings or error recovery logic without significant
fine-tuning or external system support.

When an Al system encounters a parameter mismatch—generating max_price when the
APl expects price_max—it has no explicit error recovery logic beyond basic retry loops.
The Al system must interpret the error message, reason about potential causes, and
reformulate its approach. This process consumes tokens, extends session duration, and
frequently fails to resolve the mismatch without human intervention or external
normalization.

The Cumulative Effect at Scale

These structural mismatches—individually minor parameter variations—create
compound effects in production systems at scale. A single parameter mismatch that
occurs in 10% of queries affecting a system processing 100,000 sessions per month
generates 10,000 failed API calls. Each failure extends session duration, increases
token consumption, and creates incremental probability of user abandonment. Across
hundreds of potential parameter variations and diverse Al model implementations, the
aggregate effect becomes a systematic efficiency tax imposed by protocol
misalignment.

Implication for Protocol Stability

This context explains why execution efficiency cannot be solved solely through Al model
improvement or better prompting. The root cause is structural: commerce infrastructure
designed for human developers interacting through code cannot reliably accommodate
Al systems generating parameters through inference and pattern matching without an
explicit alignment layer. Protocol stabilization requires infrastructure changes, not just Al
improvements—a point we return to in the Industry Implications section.

To provide a structured approach to measuring and optimizing protocol stability in
Al-driven commerce environments, we introduce the Al Commerce Execution Efficiency
Framework. This four-layer analytical model establishes a hierarchy of metrics and
optimization targets, progressing from low-level technical efficiency through protocol
stability and funnel continuity to ultimate economic impact.

Layer 1 — Al Session Efficiency

The foundation layer focuses on the computational efficiency of individual Al-mediated
sessions. Key metrics at this layer include token consumption per session, API call
count per session, and session duration. These metrics provide direct visibility into the
resource intensity of Al commerce execution and serve as leading indicators of protocol
alignment quality.

Token consumption per completed transaction represents a critical efficiency metric for
LLM-based commerce systems. Tokens are consumed during both Al model inference



(generating API calls, interpreting responses, formulating user-facing messages) and
context management (maintaining conversation history, tracking cart state, managing
checkout progress). In stable execution environments, token consumption follows
predictable patterns correlated with transaction complexity—simple single-item
purchases consume fewer tokens than complex multi-item transactions with
customization requirements. In unstable environments, token consumption becomes
erratic and elevated due to error response processing and query reformulation.

Reduction in token usage through protocol optimization delivers direct cost benefits, as
most LLM API providers charge per token consumed. A 50% reduction in token
consumption per session—as observed in benchmark comparisons between unstable
and stable execution environments—translates directly to 50% reduction in Al model
API costs. At scale, this cost reduction can be substantial; a system processing 100,000
monthly sessions with an average token cost of €0.04 per session would reduce
monthly Al costs from €4,000 to €2,000 through protocol stabilization.

API call count per session serves as a complementary efficiency metric, measuring the
number of backend commerce API invocations required to complete a transaction.
Stable execution environments typically require 8—12 API calls per session (search,
product detail retrieval, cart operations, checkout initiation, payment processing), while
unstable environments may require 18—24 calls or more due to retries and error
recovery attempts. Reducing API call count decreases backend server load, database
query volume, and network traffic—improving overall system scalability and reducing
infrastructure costs.

Argument normalization improvements represent a key mechanism for achieving Layer
1 efficiency gains. Argument normalization refers to the process of transforming
Al-generated parameters into the precise format expected by backend APIs, including
parameter naming conventions, data type conversions, value range validation, and
required field completion. Effective normalization eliminates the parameter mismatches
that trigger retry loops, enabling first-attempt success for API calls and minimizing token
and API call waste.

Layer 2 — Protocol Stability

The second layer addresses the consistency and reliability of protocol execution,
measuring the degree to which Al-generated API calls align with backend specifications.
Key metrics include parameter mismatch rate, retry rate per operation type, and error
response frequency.

Parameter mismatch rate quantifies the proportion of API calls that fail due to parameter
structure or content issues. This metric provides direct visibility into protocol alignment
quality and serves as a root cause indicator for execution friction. In benchmark
observations, unstable execution environments exhibited parameter mismatch rates of
15-25% for search operations and 20-35% for cart and checkout operations, while
stable environments reduced mismatch rates to below 5% across all operation types.



The role of schema alignment in protocol stability cannot be overstated. Schema
alignment refers to the degree of correspondence between the parameter structures Al
systems generate and the schemas backend APIs expect. Perfect schema alignment
enables deterministic execution—Al systems can reliably generate correct API calls on
the first attempt without trial-and-error parameter adjustment. Achieving schema
alignment requires either (1) training or fine-tuning Al models on specific commerce API
schemas, (2) implementing normalization layers that transform Al outputs to match
backend expectations, or (3) adapting backend APIls to accommodate common Al
parameter generation patterns.

Retry rate per operation type provides granular visibility into which commerce
operations exhibit the greatest execution instability. Benchmark data reveals that
checkout operations typically exhibit higher retry rates than search or cart operations,
reflecting the greater complexity and stricter validation requirements of payment and
order processing APIs. Identifying high-retry operations enables targeted optimization
efforts focused on the most impactful friction points.

Layer 3 — Commerce Funnel Continuity

The third layer measures the ability of Al systems to successfully guide users through
the complete commerce funnel from product discovery through checkout completion.
Key metrics include funnel stage completion rate, abandonment rate by stage, and
checkout flow determinism.

Successful progression through the search — cart — checkout sequence represents
the fundamental requirement for Al-mediated commerce viability. Each stage transition
represents a potential failure point where execution friction can cause abandonment.
Measuring completion rates at each stage—search completion rate, cart addition rate,
checkout initiation rate, payment completion rate—provides visibility into where
execution friction has the greatest impact on conversion.

Deterministic checkout flows are particularly critical to Layer 3 performance. Checkout
determinism refers to the consistency and predictability of the checkout execution
sequence—whether the Al system can reliably execute the same sequence of API calls
to complete checkout across different sessions and user scenarios. Non-deterministic
checkout flows, where the required API call sequence varies unpredictably or where
undocumented state dependencies create hidden failure modes, severely degrade
funnel continuity and conversion performance.

Abandonment rate by stage enables calculation of the revenue impact of execution
friction at each funnel stage. Early-stage abandonment (during search) has lower
revenue impact than late-stage abandonment (during checkout), as users who reach
checkout have demonstrated higher purchase intent. Optimizing protocol stability for
late-stage operations therefore delivers disproportionate revenue benefits relative to
early-stage optimizations.



Layer 4 — Economic Output

The top layer translates technical efficiency and protocol stability into business
outcomes, measuring the ultimate economic impact of execution performance. Key
metrics include conversion rate, average order value (AOV), and gross merchandise
value (GMV).

Measurable GMV and conversion impact provide the business case for protocol
stabilization investments. While Layer 1 metrics such as token consumption and API
call count have direct cost implications, Layer 4 metrics capture the revenue side of the
efficiency equation. A protocol stabilization initiative that costs €50,000 to implement but
generates €384,000 in annual incremental GMV (as modeled in our benchmark
scenario) delivers a compelling return on investment within the first year.

The correlation between stability and revenue is mediated through conversion rate.
Execution friction reduces conversion by increasing abandonment at each funnel stage.
Quantifying this relationship—establishing that a 10% reduction in retry rate correlates
with a 2% increase in conversion rate, for example—enables predictive modeling of the
revenue impact of protocol optimization initiatives.

Average order value (AOV) may also be influenced by execution stability, though the
relationship is less direct than for conversion rate. Stable execution environments
enable Al systems to more effectively guide users through product discovery, potentially
surfacing higher-value products or complementary items that increase basket size.
Conversely, execution friction may cause users to simplify their purchases to minimize
interaction time, reducing AOV.

Framework Diagram

The four layers of the Al Commerce Execution Efficiency Framework form a
dependency hierarchy, with each layer building on the foundation of the layer below:

Conversion Rate e AQV ¢ GMV

LAYER 4: ECONOMIC OUTPUT
Business outcome measurement

A

LAYER 3: COMMERCE FUNNEL CONTINUITY )

Stage Completion e Abandonment Rate e Determinism
End-to-end transaction flow reliability

A

LAYER 2: PROTOCOL STABILITY
Parameter Alignment e Retry Rate e Error Frequency




API call success and consistency

A

LAYER 1: AI SESSION EFFICIENCY
Token Usage ¢ API Calls e Session Duration
Computational resource consumption

This framework provides a comprehensive structure for evaluating Al commerce
execution performance, enabling organizations to diagnose execution friction sources,
prioritize optimization efforts, and measure the impact of protocol stabilization initiatives
across technical and business dimensions.

6. BENCHMARK SCENARIO
5.1 Defining the ACEE Metric

To operationalize the Al Commerce Execution Efficiency Framework, we introduce a
conceptual metric that quantifies overall execution efficiency across the four layers:

ACEE = (Successful Tool Executions + Total Tool Calls) x Funnel Continuity x
Conversion Rate

This metric incorporates the following key variables:

Successful Tool Executions: The number of Al-generated tool calls that execute
successfully without schema errors, retries, or parameter mismatches. This represents
first-attempt success for API operations against the commerce backend.

Total Tool Calls: The total number of actions generated by Al agents interacting with the
commerce platform, including both successful executions and retried attempts. The ratio
of successful to total executions directly reflects protocol alignment quality.

Funnel Continuity: The probability that an Al-driven session successfully progresses
through the major commerce stages: Search — Product Details — Cart — Checkout.
This metric captures the end-to-end viability of the commerce flow.

Conversion Rate: The proportion of completed transactions relative to total Al
commerce sessions. This represents the ultimate business outcome of the execution
infrastructure.

Higher ACEE values indicate greater protocol stability and execution determinism,
which directly increases economic output by improving session efficiency and reducing
operational overhead. Lower ACEE values typically indicate protocol exposure issues,



including retry loops, parameter mismatches, and non-deterministic checkout
transitions.

This metric provides a conceptual foundation for evaluating Al-commerce infrastructure
efficiency and may serve as a benchmark framework for evaluating future commerce
analytics systems as Al-mediated commerce adoption accelerates.

5.2 Toward a Standardized Measurement Model

The four-layer model described in this paper is intended as a conceptual framework for
evaluating execution efficiency in Al-mediated commerce environments. As Al agents
increasingly interact with commerce platforms through programmatic interfaces rather
than graphical user interfaces, the need for standardized performance metrics becomes
more pronounced.

Traditional commerce analytics systems focus primarily on user behavior and marketing
attribution. However, Al-driven interactions introduce a new operational layer where
execution stability, protocol alignment, and deterministic tool responses directly affect
transaction outcomes independent of user behavior or marketing effectiveness.

The Al Commerce Execution Efficiency (ACEE) framework therefore proposes a
structured way to measure these interactions. Over time, broader industry adoption of
similar measurement models may allow infrastructure providers, platform vendors, and
merchants to benchmark execution environments in a consistent and comparable
manner. Standardized metrics would enable organizations to evaluate competing
commerce platforms based on protocol alignment capabilities, support cross-platform
portability of Al commerce agents, and drive infrastructure optimization focused on
measurable execution efficiency outcomes.

SYSTEM INTERACTION DIAGRAM: AI-MEDIATED COMMERCE
EXECUTION ARCHITECTURE
To illustrate how the Al Commerce Execution Efficiency Framework operates in practice,

consider the structural relationship between Al agents, execution infrastructure, and
commerce backend systems:

USER INTENT / AI AGENT
"Find wireless headphones under €100"

- 1




EXECUTION LAYER (Protocol Alignment & Argument Normalization)

Receives: AI-generated parameters

v Validates against schema specifications

v Normalizes parameter names & data types

v Ensures deterministic call sequencing

v Detects and resolves protocol misalignments

Failure modes detected & resolved here:

X Parameter name mismatches (max_price vs price_max)
X Data type inconsistencies (string vs integer)

X Missing or malformed required fields

] !

- 1
COMMERCE BACKEND (WooCommerce / Database / Payment Processing) |

Receives: Well-formed, schema-compliant API calls |
v High first-attempt success rate

v Minimal retry loops

v Deterministic execution outcomes

v Optimal resource consumption (tokens, API calls, latency) |

Result: Search completion — Cart addition — Checkout completion|

P

Without Execution Layer (Unstable Protocol Execution):

Al Agent — Commerce Backend (parameter mismatches, retries, abandonment,
revenue loss)

With Execution Layer (Stable Protocol Execution via ACEE optimization):

Al Agent — Execution Layer — Commerce Backend (normalized calls, first-attempt
success, conversion completion)

This architectural relationship demonstrates why protocol stabilization is not optional for
high-scale Al commerce operations. The execution layer transforms the Al-to-backend
interaction from error-prone to deterministic, enabling reliable conversion of user intent
into transaction completion.

To empirically evaluate the Al Commerce Execution Efficiency Framework and quantify
the impact of protocol stability on conversion and infrastructure efficiency, we designed

a controlled benchmark scenario representative of mid-to-large scale commerce
operations.



The test environment consisted of a WooCommerce installation with approximately
42,000 stock keeping units (SKUs) spanning diverse product categories, price points,
and attribute combinations. This catalog size was selected to represent a substantial
e-commerce operation with sufficient product diversity to stress-test Al search and
recommendation capabilities, while remaining within the scale of typical mid-market
commerce platforms.

Al model concurrency was set at 4-8 concurrent models operating simultaneously
against the commerce backend. This multi-model configuration reflects the emerging
reality of Al commerce systems, where different Al architectures—varying in model size,
training data, and inference characteristics—may be deployed concurrently to serve
different user segments, geographic regions, or use cases. Multi-model concurrency
also amplifies protocol alignment challenges, as each model may exhibit different
parameter generation patterns that must all be accommodated by backend APIs.

The transaction flow tested in the benchmark followed the canonical e-commerce
sequence: product search — cart addition — checkout completion. This flow represents
the minimum viable path for Al-mediated purchase completion and encompasses the
three primary failure modes identified in Section 4: search retries, tool-call loops, and
checkout transition failures.

Operational parameters for the benchmark scenario were established to enable
meaningful economic impact modeling. Monthly session volume was set at 100,000
Al-mediated sessions—a volume representative of a growing Al commerce channel
within a larger multi-channel operation. Baseline conversion rate was established at 2%,
consistent with typical e-commerce conversion benchmarks for new or emerging
channels. Average order value (AOV) was set at €80, representing a mid-range
transaction value across diverse product categories.

These parameters enable calculation of baseline expected performance: 100,000
sessions at 2% conversion yields 2,000 orders per month, generating €160,000 in
monthly GMV or €1.92 million in annual GMV. This baseline provides the reference
point for measuring the economic impact of execution friction and protocol stabilization.

The rationale for scenario selection emphasizes representativeness and reproducibility.
The 42,000 SKU catalog size, multi-model concurrency, and 100,000 monthly session
volume represent realistic operating conditions for organizations investing in Al
commerce capabilities. The parameters are neither trivially small (which would
understate infrastructure challenges) nor exceptionally large (which would limit
reproducibility). The €80 AOV and 2% conversion rate are conservative estimates that
avoid overstating economic impact.

Limitations and control variables must be acknowledged. The benchmark scenario
models Al-mediated sessions in isolation, without accounting for interactions with
concurrent human user traffic, batch processing jobs, or other system load. The 2%
baseline conversion rate assumes that execution stability is the primary variable
affecting conversion, holding constant other factors such as product-market fit, pricing



competitiveness, and user experience design. The €80 AOV assumes consistent basket
composition across stable and unstable execution environments, though in practice
execution friction might influence product selection patterns.

The benchmark compares two execution environments: UCPReady (Base),
representing a standard commerce API configuration without specific optimization for Al
protocol execution, and UCPReady + Pro, representing an enhanced configuration with
argument normalization, schema alignment, and deterministic checkout flow
capabilities. This comparison isolates the impact of protocol stabilization on execution
efficiency and economic outcomes.

Validation of benchmark results was conducted through multiple test runs across
different time periods and with varied Al model configurations to ensure consistency and
reproducibility. Behavioral observations were logged at the API call level, capturing
parameter structures, error responses, retry patterns, and session outcomes. Economic
impact calculations were derived from observed conversion rate differentials applied to
the established session volume and AOV parameters.

This benchmark scenario provides an empirical foundation for evaluating the Al
Commerce Execution Efficiency Framework and quantifying the relationship between
protocol stability and both infrastructure efficiency and business outcomes.

/. COMPARATIVE EXECUTION ANALYSIS

Systematic comparison of execution performance between UCPReady (Base) and
UCPReady + Pro configurations reveals substantial differences across all four layers of
the Al Commerce Execution Efficiency Framework. The following analysis presents
quantitative results for key metrics and interprets their implications for infrastructure
efficiency and business performance.

Execution Performance Comparison
UCPReady UCPReady

Metric (Base) + Pro Delta

Search Retries per Session 3-5 2-3 -40%

Parameter Mismatch Rate High Low (3-5%) -85%
(18-25%)

Average Token Usage per 8,200 4,100 -50%

Session

Redundant Tool Calls per 6-8 1-2 -75%

Session



UCPReady UCPReady

Metric (Base) + Pro Delta
Checkout Flow Determinism Variable Deterministi  Stabiliz
C ed

Mean Session Duration 180 seconds 95 seconds -47%
API Call Count per Session 18-24 8-12 -50%
Search Success Rate (First 35-45% 75-85% +90%
Attempt)

Cart Operation Success Rate 55-65% 90-95% +50%
Checkout Completion Rate 70-75% 95-98% +30%

Search Retry Reduction

The 40% reduction in search retries per session represents one of the most visible
improvements in execution efficiency. In the Base configuration, Al systems averaged
3-5 search attempts before achieving successful results, with some sessions requiring
up to 8 attempts. The Pro configuration reduced this to 2—3 attempts on average, with
the maijority of sessions achieving first-attempt success.

This improvement is directly attributable to argument normalization capabilities that
transform Al-generated search parameters into the precise format expected by
WooCommerce search APls. Common parameter misalignments addressed by
normalization include price range formatting (string versus numeric), category identifier
structure (slug versus ID), and attribute filter syntax (comma-separated versus array
format).

The token consumption impact of search retry reduction is substantial. Each failed
search attempt consumes approximately 1,200—1,500 tokens (including the original
query generation, error response processing, and reformulation logic). Eliminating 1-2
redundant searches per session saves 2,400-3,000 tokens, accounting for a significant
portion of the overall 50% token reduction observed in the Pro configuration.

Parameter Mismatch Rate Improvement

The 85% reduction in parameter mismatch rate—from 18-25% in the Base
configuration to 3-5% in the Pro configuration—represents a fundamental improvement
in protocol stability. This metric directly measures the proportion of API calls that fail due
to parameter structure or content issues, serving as a root cause indicator for execution
friction.

The remaining 3—-5% mismatch rate in the Pro configuration reflects edge cases and
novel parameter combinations that fall outside the normalization rule set. Continuous
monitoring and iterative expansion of normalization rules can further reduce this
residual mismatch rate over time.



Parameter mismatch reduction has cascading effects throughout the execution flow.
Lower mismatch rates reduce retry loops, which in turn reduces token consumption, API
call volume, and session duration. The 85% mismatch reduction is the primary driver of
the 50% reduction in API calls and the 47% reduction in session duration observed in
the Pro configuration.

Token and API Call Efficiency

The 50% reduction in both token usage and API call count per session represents a
doubling of computational efficiency. A session that consumed 8,200 tokens and 18-24
API calls in the Base configuration requires only 4,100 tokens and 8-12 API calls in the
Pro configuration to complete the same transaction.

This efficiency improvement has direct cost implications. For organizations using
commercial LLM APIs with per-token pricing, the 50% token reduction translates to 50%
reduction in Al model costs per session. At 100,000 monthly sessions with an average
token cost of €0.04 per session, this represents €2,000 in monthly savings or €24,000
annually.

The API call reduction similarly reduces backend infrastructure load. Fewer API calls
mean fewer database queries, less server processing time, and reduced network traffic.
This efficiency improvement increases the number of concurrent sessions the
infrastructure can support without capacity expansion, effectively increasing system
scalability.

Deterministic Checkout Flow

The transition from variable to deterministic checkout flow in the Pro configuration
represents a qualitative shift in execution reliability. In the Base configuration, checkout
execution exhibited unpredictable behavior—some sessions completed checkout in 2—-3
API calls, while others required 6-8 calls with multiple retries. This variability reflected
inconsistent parameter generation by Al systems and inadequate error recovery logic.

The Pro configuration establishes a deterministic checkout sequence with consistent
parameter structures and predictable state transitions. Al systems can reliably execute
the same checkout flow across all sessions, eliminating the trial-and-error behavior that
characterized the Base configuration. This determinism is achieved through a
combination of schema alignment (ensuring Al systems generate parameters matching
checkout API expectations) and enhanced error messaging (providing clear guidance
when parameter issues do occur).

Checkout determinism has disproportionate impact on conversion because checkout
represents the final stage of the purchase funnel. Users who reach checkout have
demonstrated high purchase intent; execution friction at this stage results in
abandonment of high-value sessions. The 95-98% checkout completion rate in the Pro
configuration versus 70-75% in the Base configuration directly translates to higher
conversion and GMV.



Session Duration Reduction

The 47% reduction in mean session duration—from 180 seconds to 95
seconds—improves both user experience and infrastructure efficiency. Shorter sessions
reduce the likelihood of user abandonment due to impatience or distraction. From an
infrastructure perspective, shorter sessions reduce the duration for which session state
must be maintained in memory, decreasing memory consumption and enabling higher
session concurrency.

The session duration reduction is primarily driven by elimination of retry loops and faster
first-attempt success rates. When Al systems successfully execute search, cart, and
checkout operations on the first attempt, the session progresses smoothly without the
delays associated with error recovery and query reformulation.

Success Rate Improvements

The improvements in first-attempt success rates across all operation types—search
success increasing from 35-45% to 75-85%, cart operation success from 55-65% to
90-95%, and checkout completion from 70-75% to 95-98%—demonstrate systematic
enhancement of protocol stability across the entire commerce funnel.

These success rate improvements reflect the compound effect of argument
normalization, schema alignment, and deterministic flow design. Each operation type
benefits from targeted optimization: search operations benefit from price and filter
parameter normalization, cart operations benefit from product identifier and quantity
validation, and checkout operations benefit from customer data formatting and payment
parameter structure alignment.

The progression of success rates from lower values for search (75-85%) to higher
values for checkout (95-98%) in the Pro configuration reflects the funnel dynamics of Al
commerce execution. Users who successfully complete search and cart operations are
more likely to have well-formed sessions with consistent parameter patterns, leading to
higher success rates at later funnel stages.

Implications

The comparative execution analysis demonstrates that protocol stabilization delivers
measurable improvements across all four layers of the Al Commerce Execution
Efficiency Framework. Layer 1 efficiency gains (50% reduction in tokens and API calls)
reduce operational costs. Layer 2 stability improvements (85% reduction in parameter
mismatches) eliminate the root cause of execution friction. Layer 3 continuity
enhancements (deterministic checkout, higher completion rates) improve user
experience and reduce abandonment. Layer 4 economic impact (conversion rate
restoration, GMV improvement) delivers business value that justifies protocol
stabilization investments.



These results establish protocol stability as a critical infrastructure variable for
Al-mediated commerce systems and validate the Al Commerce Execution Efficiency
Framework as a structured approach to measuring and optimizing execution
performance.

8. ECONOMIC IMPACT ANALYSIS

The execution efficiency improvements documented in Section 7 translate directly into
measurable economic impact through their effect on conversion rates and transaction
volume. This section quantifies the revenue implications of protocol stability using the
benchmark scenario parameters established in Section 6.

Financial Performance Comparison

Monthly AO

Session  Conversion Monthly V Monthly  Annual GMV
Scenario s Rate Orders (€) GMV (€) (€)
Baseline 100,000 2.0% 2,000 80 160,000 1,920,000
Target
UCPReady 100,000 1.6% 1,600 80 128,000 1,536,000
Base
UCPReady + 100,000 2.0% 2,000 80 160,000 1,920,000
Pro
Monthly Delta — +0.4pp +400 —  +€32,000 +€384,000
(Base vs.
Pro)

Conversion Rate Decline Mechanism

The 25% conversion rate decline observed in the Base configuration (from 2.0%
baseline to 1.6% actual) is directly attributable to execution friction at multiple funnel
stages. The mechanism operates as follows:

1. Search Stage Abandonment: Users experiencing 3-5 search retries with
extended delays (180-second average session duration) exhibit higher
abandonment rates during product discovery. Benchmark observations indicate
approximately 8—12% of users abandon sessions during the search stage in the
Base configuration, compared to 3-5% in the Pro configuration.

2. Cart Stage Friction: Tool-call loops during cart operations create user-visible
delays and errors. Users who successfully complete search but encounter friction



during cart addition exhibit 10—-15% higher abandonment rates in the Base
configuration compared to the Pro configuration.

3. Checkout Stage Failure: The most significant conversion impact occurs at
checkout, where the 70-75% completion rate in the Base configuration versus
95-98% in the Pro configuration represents a 20-25 percentage point
differential. Users who reach checkout have demonstrated high purchase intent;
failures at this stage represent pure revenue loss attributable to technical friction.

The compound effect of abandonment at each funnel stage produces the observed 25%
overall conversion rate decline. While individual stage impacts may appear modest
(8—12% search abandonment, 10—-15% cart abandonment), their multiplicative effect
through the funnel generates substantial aggregate conversion loss.

Order Volume and GMV Impact

The 400-order monthly differential between Base and Pro configurations represents the
direct transaction volume impact of execution friction. At €80 AOV, these 400 lost orders
translate to €32,000 in monthly GMV loss or €384,000 annually.

To contextualize this impact: the €384,000 annual GMV differential represents 20% of
the total annual GMV potential of the Al commerce channel (€1.92 million at 2%
conversion). Execution friction effectively imposes a 20% revenue penalty on the Al
commerce operation, reducing actual GMV to €1.536 million from the €1.92 million
baseline expectation.

Scale Context

The economic impact of execution stability scales linearly with session volume, making
it increasingly significant as Al commerce adoption grows. The following table illustrates
GMV impact across different session volume scenarios:

Monthly Base Pro GMV Monthly Delta ~ Annual Delta
Sessions GMV (€) (€) (€) (€)
50,000 64,000 80,000 16,000 192,000
100,000 128,000 160,000 32,000 384,000
250,000 320,000 400,000 80,000 960,000
500,000 640,000 800,000 160,000 1,920,000
1,000,000 1,280,000 1,600,00 320,000 3,840,000

0

At 500,000 monthly sessions—a volume achievable by large e-commerce operations or
multi-tenant platforms serving multiple merchants—the annual GMV impact of protocol
stabilization reaches €1.92 million. At 1 million monthly sessions, the impact exceeds
€3.8 million annually.



This linear scaling relationship establishes execution stability as a strategic
infrastructure priority for organizations planning significant Al commerce investments.
The revenue impact of protocol stabilization grows proportionally with Al commerce
channel adoption, making early investment in execution efficiency infrastructure
increasingly valuable as the channel scales.

Return on Investment

The business case for protocol stabilization investments can be evaluated through
return on investment (ROI) analysis. Consider a scenario where implementing protocol
stabilization capabilities (argument normalization, schema alignment, deterministic
checkout flows) requires €100,000 in development and integration costs.

At 100,000 monthly sessions, the €384,000 annual GMV improvement delivers a
first-year ROI of 284% (€384,000 benefit minus €100,000 cost, divided by €100,000
cost). The investment pays for itself within approximately 3 months of operation.

At higher session volumes, ROl becomes even more compelling. At 250,000 monthly
sessions, the €960,000 annual GMV improvement delivers 860% first-year ROI. At
500,000 monthly sessions, the €1.92 million annual improvement delivers 1,820% ROI.

These ROI calculations consider only the revenue side of the equation. Additional
benefits from reduced infrastructure costs (50% reduction in API calls and token
consumption) further improve the business case. For an operation processing 100,000
monthly sessions with €0.04 average token cost per session, the 50% token reduction
saves €24,000 annually in Al model API costs—adding to the ROI calculation.

Modeled Basis and Limitations

It is important to note that the economic impact figures presented in this section are
derived from modeled scenarios based on benchmark observations, not from live
production revenue data. The 2% baseline conversion rate, €80 AOV, and session
volume parameters are representative estimates intended to illustrate the economic
impact mechanism and scale relationships.

Actual economic impact in production deployments will vary based on factors including
product category, price points, competitive positioning, user experience design, and
market conditions. Organizations should conduct their own conversion analysis and
financial modeling based on their specific operational parameters and business context.

The modeled approach does not diminish the validity of the core finding: execution
friction creates measurable conversion loss that scales with session volume, and
protocol stabilization delivers quantifiable revenue improvement. The specific magnitude
of impact will vary by deployment, but the directional relationship between execution
stability and economic performance is consistent across contexts.



Strategic Implications

The economic impact analysis establishes that protocol stability is not merely a
technical optimization opportunity but a strategic business imperative for Al commerce
operations. The 20% revenue penalty imposed by execution friction in unstable
environments represents a competitive disadvantage that compounds over time as Al
commerce channels scale.

Organizations that prioritize execution efficiency infrastructure position themselves to
capture the full revenue potential of Al-mediated commerce, while those that neglect
protocol stability will systematically underperform relative to their market opportunity. As
Al commerce transitions from experimental implementations to mainstream channels,
execution efficiency will increasingly differentiate market leaders from laggards.

9. INFRASTRUCTURE COST OF INEFFICIENCY

Beyond the direct revenue impact quantified in Section 8, execution friction imposes
substantial infrastructure costs through unnecessary consumption of computational
resources. We characterize this phenomenon as the "Efficiency Tax"—the incremental
infrastructure capacity and operational costs required to support unstable protocol
execution.

The Efficiency Tax Defined

The Efficiency Tax represents the difference in infrastructure resource consumption
between stable and unstable execution environments for equivalent transaction
volumes. This tax manifests across multiple resource dimensions: API call capacity,
token consumption, server processing time, database query load, memory utilization,
and network bandwidth.

Unlike the revenue impact of execution friction, which is mediated through conversion
rate effects, the Efficiency Tax represents direct, measurable infrastructure cost. Every
redundant search query, every tool-call retry loop, and every failed checkout attempt
consumes real computational resources that must be provisioned, powered, and
maintained.

Quantifying Unnecessary Tool Calls

The benchmark analysis documented in Section 7 revealed that the Base configuration
generates approximately 2 additional search operations per session compared to the
Pro configuration (average of 4 searches versus 2 searches). Across all operation
types—search, cart management, checkout—the Base configuration requires 18—24
API calls per session versus 8-12 in the Pro configuration, representing 10-12
unnecessary API calls per session.



At 100,000 monthly sessions, this differential scales to 1.0—1.2 million unnecessary API
calls per month, or approximately 33,000—40,000 unnecessary calls per day. Assuming
an average of 35,000 unnecessary calls per day, annual waste totals approximately
12.8 million API calls.

Each API call consumes backend resources: web server processing time (typically
50-200ms per call), database queries (1-5 queries per API call depending on operation
complexity), cache lookups, and response serialization. The cumulative resource
consumption of 12.8 million unnecessary annual API calls is substantial.

Scaling the Efficiency Tax

The infrastructure impact of the Efficiency Tax scales non-linearly with session volume
due to resource contention effects. At low session volumes, unnecessary API calls
consume spare infrastructure capacity with minimal marginal cost. As session volume
increases and infrastructure utilization approaches capacity limits, unnecessary API
calls begin to create contention for limited resources—database connection pools,
cache memory, CPU cores—degrading performance for all users.

Consider a scenario with 100,000 daily sessions (approximately 3 million monthly
sessions). At 2 unnecessary searches per session, this generates 200,000 unnecessary
search API calls daily. If each search query requires 100ms of server processing time
and executes 3 database queries, the daily waste totals:

e Server processing time: 200,000 calls x 100ms = 20,000 seconds = 5.6 hours of
CPU time daily

e Database queries: 200,000 calls x 3 queries = 600,000 unnecessary queries
daily

e Annual database query waste: 219 million queries

At this scale, the Efficiency Tax begins to drive infrastructure capacity decisions.
Organizations must provision additional web servers, database replicas, and cache
capacity to handle the load generated by execution friction—capacity that would be
unnecessary in a stable execution environment.

Token Consumption Waste

The 50% token consumption differential between Base and Pro configurations (8,200
tokens versus 4,100 tokens per session) represents significant waste in LLM-based Al
commerce systems. At 100,000 monthly sessions, the Base configuration consumes
820 million tokens monthly versus 410 million for the Pro configuration—a waste of 410
million tokens monthly or 4.92 billion tokens annually.

Token waste translates directly to Al model API costs. Using representative pricing of
€0.02 per 1,000 tokens for input and €0.06 per 1,000 tokens for output (assuming a
50/50 input/output mix for an average of €0.04 per 1,000 tokens), the annual token
waste of 4.92 billion tokens costs approximately €196,800.



This cost calculation assumes commercial LLM APl usage. Organizations using
self-hosted models incur different cost structures (GPU infrastructure, power
consumption, cooling) but still experience proportional waste—50% higher inference
volume requires 50% more GPU capacity to maintain equivalent throughput and
latency.

Latency and User Experience Impact

The 47% session duration differential between Base and Pro configurations (180
seconds versus 95 seconds) creates user experience degradation that, while difficult to
quantify precisely in monetary terms, has real business impact through increased
abandonment rates and reduced customer satisfaction.

Extended session durations also increase infrastructure memory consumption, as
session state must be maintained in memory for longer periods. In high-concurrency
environments, this increased memory footprint can necessitate additional server
capacity or more aggressive session timeout policies that risk prematurely terminating
legitimate sessions.

Scaling Requirements and Cost Avoidance

The Efficiency Tax directly influences infrastructure scaling requirements. Consider an
organization planning to scale from 100,000 to 500,000 monthly Al commerce
sessions—a 5x increase. In a stable execution environment (Pro configuration), this
scaling requires proportional infrastructure expansion: 5x more API capacity, 5x more
token budget, 5x more database capacity.

In an unstable execution environment (Base configuration), the scaling requirement is
amplified by the Efficiency Tax. The organization must provision infrastructure to handle
not just 5x more legitimate traffic, but also 5x more unnecessary retry loops and
redundant operations. Effectively, the organization must scale infrastructure by 7-8x to
support 5x more actual transactions—a 40-60% infrastructure cost premium
attributable to execution friction.

Conversely, protocol stabilization enables cost avoidance. An organization operating in
a Base configuration that implements protocol stabilization can support the same
transaction volume with approximately 50% less infrastructure capacity—or can support
2x transaction volume with the same infrastructure by eliminating the Efficiency Tax.

Operational Cost Cascade

The infrastructure costs of execution friction extend beyond direct resource
consumption to operational overhead:

e Monitoring and alerting complexity: Unstable execution generates high volumes
of error logs and alerts, increasing operational burden and potentially masking
genuine infrastructure issues.



e Capacity planning uncertainty: Variable resource consumption due to retry loops
complicates capacity planning and makes it difficult to predict infrastructure
requirements for traffic growth.

e Performance troubleshooting: Execution friction creates performance variability
that complicates root cause analysis when investigating latency or throughput
issues.

e Vendor costs: Organizations using managed services or cloud infrastructure pay
for actual resource consumption; the Efficiency Tax directly increases cloud
computing bills.

Cost-Reduction and Revenue Enhancement

The business case for protocol stabilization encompasses both cost reduction
(eliminating the Efficiency Tax) and revenue enhancement (improving conversion
through reduced friction). For a representative scenario with 100,000 monthly sessions:

Cost Reduction (Annual)

Token consumption savings: €24,000

Infrastructure capacity avoidance: €30,000-50,000 (estimated based on 50%
reduction in API calls and server load)

e Operational overhead reduction: €10,000-20,000 (estimated based on reduced
monitoring and troubleshooting burden)

e Total cost reduction: €64,000-94,000 annually
Revenue Enhancement (Annual)

e GMV improvement from conversion rate restoration: €384,000
Combined Business Impact: €448,000—-478,000 annually

This combined impact—nearly half a million euros annually for a 100,000 monthly
session operation—establishes protocol stabilization as a high-ROI infrastructure
investment that delivers benefits across both cost structure and revenue performance.

The Efficiency Tax is not an inevitable cost of Al commerce operations. It is an
infrastructure deficiency that can be systematically addressed through protocol
alignment, argument normalization, and deterministic execution flow design.
Organizations that eliminate the Efficiency Tax gain competitive advantages in both
operational cost structure and customer experience, positioning themselves for
profitable scaling of Al commerce channels.

10. INDUSTRY IMPLICATIONS

The emergence of execution efficiency as a critical performance variable in Al-mediated
commerce systems has implications that extend beyond individual organizational



optimization efforts. This section examines the broader industry trends, competitive
dynamics, and infrastructure evolution patterns that execution efficiency analysis
reveals.

Execution Efficiency as Emerging Infrastructure KPI

Traditional commerce infrastructure performance measurement has focused on metrics
such as uptime (availability), response time (latency), throughput (requests per second),
and error rate. These metrics remain important, but they are insufficient for evaluating
Al-mediated commerce system performance.

Execution efficiency introduces a new dimension of infrastructure quality: the degree to
which systems enable Al agents to successfully complete transactions with minimal
retry loops and resource waste. A commerce platform may exhibit excellent uptime and
low latency while simultaneously exhibiting poor execution efficiency due to protocol
misalignment—responding quickly to API calls but requiring Al systems to make many
calls due to parameter mismatch issues.

As Al-mediated commerce transitions from experimental implementations to production
systems handling significant transaction volumes, execution efficiency metrics will
increasingly appear in infrastructure service level agreements (SLAs), vendor
evaluations, and platform selection criteria. Commerce platforms that cannot
demonstrate strong execution efficiency will face competitive disadvantages as Al
commerce adoption accelerates.

Al Systems as Infrastructure Reliability Standard

The shift to Al-driven protocol execution inverts traditional assumptions about where
intelligence and adaptability should reside in commerce systems. In GUI-driven
e-commerce, platforms assumed human users would adapt to interface conventions
and navigate around system limitations. In Al-mediated commerce, platforms must
adapt to Al system behaviors and provide protocol interfaces that enable deterministic
execution.

This inversion establishes Al systems as the de facto reliability standard for commerce
infrastructure. If multiple Al models from different vendors exhibit similar parameter
generation patterns—for example, consistently using max_price rather than price_max
for price range filters—then commerce platforms that expect price_max are misaligned
with the emerging standard, regardless of their APl documentation.

This dynamic creates pressure for commerce platforms to evolve their APIs to
accommodate common Al parameter generation patterns, rather than expecting Al
systems to perfectly conform to existing API specifications. Platforms that embrace this
evolution will achieve better execution efficiency and competitive positioning in Al
commerce markets.



Competitive Advantage Through Stability

In mature e-commerce markets where product selection, pricing, and user experience
have converged toward industry standards, execution efficiency represents a new
dimension of competitive differentiation. Two commerce platforms with similar product
catalogs, comparable pricing, and equivalent GUI experiences may exhibit dramatically
different performance in Al-mediated contexts based on their execution efficiency
characteristics.

The platform with superior execution efficiency will achieve higher conversion rates,
lower infrastructure costs, and better user experience in Al commerce
channels—creating a sustainable competitive advantage that compounds over time as
Al commerce adoption grows. Early movers that invest in execution efficiency
infrastructure establish market position advantages that later entrants must overcome.

This competitive dynamic is particularly relevant for commerce platform vendors (e.g.,
Shopify, WooCommerce, Magento) competing for market share in the emerging Al
commerce ecosystem. Platforms that can demonstrate superior execution efficiency
through benchmark results and case studies will attract merchants seeking to capitalize
on Al commerce opportunities.

Infrastructure Investment Priorities

The economic impact analysis presented in Sections 8 and 9 establishes clear ROI for
protocol stabilization investments, suggesting that execution efficiency should be a
high-priority infrastructure investment area for organizations operating or planning Al
commerce channels.

Investment priorities should focus on:

1. Protocol alignment infrastructure: Argument normalization layers, schema
alignment tools, and API specification management systems that ensure
Al-generated calls match backend expectations.

2. Deterministic flow design: Checkout and cart management systems designed for
predictable, consistent execution sequences that Al systems can reliably
navigate.

3. Execution monitoring: Observability tools that provide visibility into retry rates,
parameter mismatch patterns, and funnel stage completion rates—enabling
continuous optimization of execution efficiency.

4. Multi-model compatibility: Infrastructure capable of accommodating diverse Al
model architectures with varying parameter generation patterns, rather than
optimizing for a single model.

Organizations that prioritize these investments position themselves to capture the full
economic potential of Al commerce channels while minimizing infrastructure waste.



Convergence of Al and Infrastructure Standards

The execution efficiency challenge highlights a broader trend: the convergence of Al
system capabilities and infrastructure reliability requirements. As Al systems assume
responsibility for executing business-critical transactions, they must meet the same
reliability, consistency, and predictability standards traditionally applied to infrastructure
components.

This convergence will drive evolution in both Al system design and infrastructure
architecture. Al systems will incorporate more sophisticated error recovery, parameter
validation, and protocol adherence capabilities. Infrastructure systems will provide richer
error messaging, more flexible parameter handling, and better support for programmatic
execution patterns.

Industry standards bodies and open-source communities will likely develop
specifications and best practices for Al-commerce protocol design, similar to how REST
API design principles and OpenAPI specifications emerged to standardize web service
interfaces. Early examples include efforts to standardize tool-calling interfaces for LLMs
and schema definitions for commerce operations.

Implications for Commerce Platforms

Commerce platform providers face strategic decisions about how to position their
offerings in the Al commerce ecosystem:

e Al-native platforms: New entrants may build commerce platforms designed from
the ground up for Al-mediated execution, with protocol interfaces optimized for
programmatic access and deterministic execution flows.

e Retrofit strategies: Established platforms must decide whether to retrofit existing
APIs for better Al compatibility or to develop parallel API layers specifically for Al
system access.

e Middleware opportunities: Third-party vendors may develop middleware solutions
that sit between Al systems and commerce platforms, providing argument
normalization and protocol translation services—similar to how payment
gateways mediate between e-commerce platforms and payment processors.

The strategic choices platforms make will influence their competitive positioning as Al
commerce adoption accelerates.



Implications for Al Vendors
Al system vendors and LLM providers face complementary challenges:

e Commerce-specific fine-tuning: Vendors may develop commerce-specialized
models fine-tuned on e-commerce API specifications and transaction patterns to
improve execution efficiency.

e Tool-calling standardization: Efforts to standardize tool-calling interfaces and
parameter generation patterns across different LLM providers will reduce the
burden on commerce platforms to accommodate diverse Al behaviors.

e Execution efficiency benchmarks: Vendors may publish execution efficiency
benchmarks demonstrating their models' performance on standard commerce
tasks, similar to how LLM vendors currently publish accuracy benchmarks on
academic datasets.

Path Forward for the Industry
The industry implications of execution efficiency analysis suggest several paths forward:

1. Establish industry benchmarks: Development of standardized benchmark
scenarios and metrics for measuring Al commerce execution efficiency, enabling
objective comparison of platform and Al system performance.

2. Develop best practice frameworks: Publication of design patterns and
architectural guidelines for building Al-commerce systems with high execution
efficiency.

3. Create interoperability standards: Specification of standard protocol interfaces for
common commerce operations (search, cart, checkout) that both Al systems and
commerce platforms can target.

4. Build open-source tools: Development of open-source argument normalization
libraries, protocol testing tools, and execution monitoring systems that reduce the
barrier to implementing execution efficiency infrastructure.

Organizations, platform vendors, and Al system providers that contribute to these
industry-level initiatives will help shape the evolution of Al commerce infrastructure
while positioning themselves as thought leaders in the emerging ecosystem.

The transition to Al-mediated commerce represents a fundamental shift in how digital
transactions are executed. Execution efficiency—the ability of Al systems to reliably
complete transactions with minimal friction and resource waste—will be a defining
characteristic of successful Al commerce operations. Organizations and vendors that
recognize this shift and invest accordingly will establish competitive advantages in the
Al commerce era.




11. RESEARCH METHODOLOGY

This section documents the experimental design, data collection procedures, analytical
methods, and limitations of the benchmark research presented in this briefing.

Experimental Design

The research employed a controlled comparison methodology, evaluating two distinct
infrastructure configurations—UCPReady (Base) and UCPReady + Pro—under identical
operational conditions. This design isolates the impact of protocol stabilization
capabilities on execution efficiency and economic outcomes.

The test environment consisted of a WooCommerce installation version 8.x running on
a standardized server configuration (16 CPU cores, 32GB RAM, SSD storage) with
MySQL 8.0 database backend. The product catalog contained 42,127 SKUs distributed
across 15 product categories with diverse attribute combinations, price ranges
(€5—€500), and inventory levels.

Al model concurrency was maintained at 4—8 concurrent models throughout testing,
with models including GPT-4, GPT-3.5-turbo, Claude 2, and Claude Instant. Model
selection reflects the diversity of LLM architectures commonly deployed in production Al
commerce applications. Each model was configured with identical system prompts and
tool-calling specifications to ensure consistent behavioral baseline.

Test duration spanned 30 days of continuous operation with traffic generation simulating
100,000 monthly sessions distributed across 24-hour periods to capture potential
time-of-day performance variations. Session generation followed realistic usage
patterns with variable session lengths, product category preferences, and cart sizes.

Traffic Generation Methodology

Synthetic traffic generation was employed to ensure reproducibility and control over
session characteristics. Traffic generation scripts simulated realistic user intent patterns
including:

e Product search scenarios: Natural language queries for specific products,
category browsing, price-filtered searches, and attribute-based filtering.

e Cart operations: Single-item additions, multi-item baskets, quantity modifications,
and item removals.

e Checkout flows: Guest checkout, account creation, address entry, payment
method selection, and order confirmation.

Each generated session followed a probabilistic flow model with realistic abandonment
patterns at each funnel stage, enabling measurement of how execution friction
influences abandonment rates relative to baseline expectations.



Session generation maintained consistent intent patterns across Base and Pro
configuration testing to ensure that observed performance differences reflected
infrastructure characteristics rather than traffic pattern variations.

Behavioral Metrics Capture
Execution behavior was captured at multiple levels of granularity:

API Call Level: Every API call generated by Al systems was logged with timestamp,
endpoint, parameters, response status, response time, and error messages. This
granular logging enabled analysis of retry patterns, parameter mismatch frequency, and
error recovery behaviors.

Session Level: Session-level metrics including total duration, API call count, token
consumption (captured via LLM API usage logs), funnel stage progression, and
completion status were recorded for every session.

Aggregate Level: Daily and weekly aggregate metrics including average retry rates,
mean session duration, conversion rates, and infrastructure resource utilization were
calculated from session-level data.

Behavioral observation employed passive monitoring without intervention in Al system
decision-making, ensuring that observed behaviors reflected genuine Al-infrastructure
interactions rather than researcher-influenced patterns.

Financial Impact Modeling Methodology

Economic impact calculations employed a scenario-based modeling approach rather
than direct revenue measurement. The modeling methodology proceeded as follows:

1. Baseline establishment: A 2% conversion rate and €80 AOV were established as
baseline parameters based on industry benchmarks for emerging commerce
channels.

2. Conversion differential measurement: Actual conversion rates achieved in Base
and Pro configurations were measured through session completion tracking.

3. GMV calculation: Monthly and annual GMV figures were calculated by multiplying
session volume x conversion rate x AOV for each configuration.

4. Impact quantification: The difference in GMV between configurations was
attributed to execution efficiency differential, holding other variables constant.

This modeling approach enables quantification of economic impact while acknowledging
that the figures represent modeled scenarios rather than live production revenue data.
The methodology is conservative in that it assumes execution efficiency is the sole
variable affecting conversion, without accounting for potential positive effects of stable
execution on AOV or repeat purchase rates.



Limitations and Constraints
Several limitations constrain the generalizability and interpretation of research findings:

Modeled Financial Impact. Economic impact figures are derived from scenario modeling
rather than live production revenue measurement. Actual revenue impact in production
deployments will vary based on product category, market conditions, competitive
positioning, and user experience factors not captured in the benchmark scenario.

Synthetic Traffic: Traffic generation employed synthetic sessions rather than genuine
user traffic. While synthetic traffic was designed to simulate realistic usage patterns, it
may not fully capture the complexity and variability of actual user behavior.

Single Platform: The research focused exclusively on WooCommerce infrastructure.
Findings may not generalize directly to other commerce platforms (Shopify, Magento,
custom implementations) with different API architectures and protocol characteristics.

Limited Model Diversity: While the research included 4-8 concurrent models, the
broader ecosystem includes dozens of LLM architectures with varying capabilities.
Execution efficiency patterns may differ for models not included in the benchmark.

Controlled Environment: Testing was conducted in an isolated environment without the
complexity of production systems including concurrent human user traffic, third-party
integrations, promotional campaigns, and seasonal demand variations.

Time Horizon: The 30-day test duration captures short-term execution patterns but may
not reflect long-term trends such as Al model learning effects, seasonal variations, or
infrastructure degradation over extended periods.

Validation Approach
Research findings were validated through multiple mechanisms:

Reproducibility Testing: Key findings were validated through repeated test runs across
different time periods, confirming consistency of observed patterns.

Cross-Model Validation: Execution efficiency patterns were analyzed separately for
each Al model architecture to confirm that findings reflected general infrastructure
characteristics rather than model-specific behaviors.

Peer Review: Methodology and findings were reviewed by independent infrastructure
engineers and data scientists to identify potential confounding variables or analytical
errors.

Sensitivity Analysis: Economic impact calculations were tested across varying
assumptions for conversion rate, AOV, and session volume to assess robustness of
findings to parameter variations.



Analytical Methods

Statistical analysis employed descriptive statistics (means, medians, percentiles) for
performance metrics and comparative analysis (percentage change, absolute
differences) for configuration comparisons. Given the controlled experimental design
with synthetic traffic, inferential statistics and significance testing were not employed, as
the research objective was to characterize execution patterns rather than to test
hypotheses about population parameters.

Time series analysis was applied to identify temporal patterns in retry rates, session
duration, and conversion rates, confirming stability of observed patterns across the test
duration.

Data Management

All experimental data including API call logs, session records, and aggregate metrics
were stored in structured databases enabling reproducible analysis. Data retention
follows standard research data management practices with anonymization of any
potentially identifying information.

Ethical Considerations

The research employed synthetic traffic against test infrastructure, avoiding any
interaction with genuine user data or production systems. No personally identifiable
information was collected or processed during the research.

Methodology Justification

The controlled comparison methodology was selected to isolate the impact of protocol
stabilization on execution efficiency while minimizing confounding variables. Alternative
methodologies such as A/B testing in production environments would provide greater
external validity but would introduce ethical concerns about deliberately exposing users
to inferior experiences and would complicate causal attribution due to uncontrolled
variables.

The scenario-based financial modeling approach was selected to enable quantification
of economic impact while acknowledging the limitations of extrapolating from controlled
experiments to production revenue outcomes. This approach provides decision-makers
with order-of-magnitude impact estimates while avoiding overconfident claims about
precise revenue effects.

The research methodology prioritizes reproducibility, transparency, and conservative
interpretation of findings—establishing a foundation for future research while providing
actionable insights for organizations evaluating protocol stabilization investments.




12. CONCLUSION

The transition from GUI-driven to Al-mediated commerce represents a fundamental
architectural shift with profound implications for infrastructure design, operational
efficiency, and business performance. This research establishes execution stability—the
consistency and reliability with which Al systems successfully execute commerce
protocols—as a critical infrastructure variable that directly influences both conversion
rates and computational resource consumption.

Through systematic benchmarking of Al-assisted WooCommerce environments
powered by UCPReady infrastructure, we have demonstrated that protocol
misalignment creates measurable economic impact. In representative scenarios
involving 100,000 monthly Al-mediated sessions, execution friction resulted in a 25%
conversion rate decline relative to baseline expectations, translating to €384,000 in
annual GMV loss. This revenue impact scales linearly with session volume, reaching
€1.92 million annually at 500,000 monthly sessions and €3.84 million at 1 million
monthly sessions.

Beyond direct revenue implications, execution friction imposes an "Efficiency Tax" on
infrastructure resources. Unstable protocol execution generates approximately 50%
more API calls and token consumption per session compared to stable execution,
scaling to tens of millions of unnecessary annual API calls in high-volume environments.
This computational waste drives infrastructure capacity requirements, increases
operational costs, and complicates performance optimization efforts.

The Al Commerce Execution Efficiency Framework introduced in this briefing provides a
structured approach to measuring and optimizing protocol stability across four
interdependent layers: Al session efficiency, protocol stability, commerce funnel
continuity, and economic output. This framework enables organizations to diagnose
execution friction sources, prioritize optimization efforts, and quantify the business
impact of protocol stabilization investments.

Key findings from the comparative execution analysis include:

e 50% reduction in token consumption and API calls through argument
normalization and protocol alignment

e 85% reduction in parameter mismatch rates through schema alignment and
deterministic flow design
40% reduction in search retry rates through improved first-attempt success
47% reduction in session duration through elimination of retry loops

Restoration of conversion rates to baseline expectations through stable checkout
execution

These improvements demonstrate that protocol stabilization is not merely a technical
optimization but a strategic business imperative. The combined impact of cost reduction
(eliminating the Efficiency Tax) and revenue enhancement (improving conversion) can



exceed €450,000 annually for operations processing 100,000 monthly
sessions—delivering compelling ROI for protocol stabilization investments.

The practical implication for commerce infrastructure design is clear: systems must be
architected with Al-mediated execution as a first-class use case, not as an afterthought.
This requires:

Future work will focus on expanding the benchmarking dataset across additional
commerce environments and Al model configurations. As Al-mediated commerce
becomes more widely adopted, the development of shared benchmarks for execution
stability and protocol efficiency may become essential for evaluating platform
performance at scale.

About the Research

This technical briefing was produced by the Zologic Research Division, an engineering
group focused on infrastructure for Al-native commerce systems.

The analytical framework presented in this paper — Al Commerce Execution Efficiency
(ACEE) — originates from internal benchmarking research conducted while analyzing
Al-assisted WooCommerce transaction environments.

The execution stabilization approach referenced throughout this report is implemented
through UCPReady and UCPReady Pro for WooCommerce, software platforms
developed by Zologicto improve protocol stability and deterministic execution in
Al-mediated commerce sessions.

The obijective of this publication is to document emerging infrastructure challenges in
multi-model commerce environments and propose measurement standards for
evaluating execution reliability and economic impact.
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