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Abstract

With the advancement of large language models powering next-generation applications, there is an
increasing demand for architectural frameworks that treat prompts as modular, orchestratable, and
extendible parts of a software system. The traditional methods of Al integration have treated prompt
engineering as some kind of ad hoc or application-specific task with no connection to systematic design
principles or software architecture standards. The paper introduces the Prompt-Layered Architecture
(PLA), a new architectural style where prompts have been elevated into first-class citizens of the software
stack. PLA provides composition, management, and orchestration of prompts through modularized layers,
thus allowing the building of Al-first products that are scalable, testable, and extendible.

We formalize the PLA model as four core layers: the Prompt Composition Layer, the Prompt
Orchestration Layer, the Response Interpretation Layer, and the Domain Memory Layer, which together
support reuse of prompt templates, structured routing of model outputs, persistence of memories across
interaction chains, and resonance to business logic and user context. Inspired by traditional layered
software architectures, PLA brings versioning to LLMs, API-driven abstraction of prompts, and test
scaffolding for verifying LLM behavior.

To validate the design, we develop a prototype implementation on top of the OpenAl GPT APIs and
evaluate the PLA versus flat prompt-based systems on modularity metrics, reusability benchmarks, and
cognitive load for prompt engineers. The results evidence the benefits of PLA in improving
maintainability while fast-tracking the integration of Al capabilities across various distributed services.
The paper also illustrates several SmartArt diagrams and examples of orchestration in Python and
discusses how PLA fills the gap between emerging frameworks such as LangChain, AutoGPT, and prompt
programming compilers.

By formalizing prompts as copiable units of architecture, this research lays the blueprint for building
scalable Al-first applications with structured reasoning, state awareness, and prompt governance.

Keywords: Al-first product design, prompt engineering, layered architecture, modular prompts,
orchestration, generative Al systems, LLM pipelines, prompt stack, extension, compositional Al

Introduction

The rapid evolution of generative Al, especially large language models, ushered in newer paradigms of
interactions, automation, and human-machine collaboration. As these models are evolving fast from research
prototypes to full production systems, developers are faced with a critical architectural question: what
should the architecture look like for Al-first applications that must scale, dynamically adapt, and evolve with
prompts serving as the primary interface to intelligence? Unlike traditional pieces of software, here are
prompt interactions, with the prompt carrying context, task specification, memory, and tone. This is a major
paradigm shift in considering application architecture, treating prompts not as mere inputs but as
orchestrated, versioned, modular software entities on the system stack.
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Today, majority of Al-powered applications employ LLMs in single-layered prompt pipelines that remain
hardcoded inside their respective application logics. Their boundaries among prompt templates, context
sources, response interpretations, and possibly long-term memories are all fuzzy. As a side effect, these
systems attain low reusability, low observability, and fall easily apart when there are version changes or task
expansions. It is undeniably prominent that prompt engineering is tied directly to very specific workflows,
which gives very little room for modularity in testing and reuse. And to make matters worse, many
application-level services tend to duplicate prompt logic, which only makes matters worse with
inconsistencies, hallucinations, and limited extensibility.

To solve these limitations, here we propose a new architectural style, the Prompt-Layered Architecture
(PLA). Taking inspiration from existing multi-layered architectures found in operating systems and
enterprise software (think OSI model, MVC pattern), PLA proposes a layered structural approach to Al-first
product development where prompts are decomposed into layered responsibilities with respect to prompt
composition, orchestration, response parsing, and memory management. The separation of concerns
supports developers in systematic prompt management, further enabling modular reuse, test-driven
development, and robust orchestration for LLM-enabled pipelines.

The raison d'étre behind PLA are:

. Versioned and abstracted prompt units for composition;

. Orchestrated flows with chaining of multiple prompts on conditional or hierarchical bases;
. Extensibility through pluggable context providers and response handlers;

. Modular testing of prompt expectations with regression and unit testing; and finally,

. Scalable integration of LLMs across microservices and frontends.

These needs are of a particular relevance for intelligent assistants, document automation, knowledge
retrieval, and autonomous agents. While LangChain, PromptChainer, and AutoGPT provide frameworks for
chaining prompts, they fall short on defining architectural patterns catering to maintainable and extensible
prompt-based systems.

In this paper, we describe the PLA design, implement a proof-of-concept using OpenAl's GPT-4 API, and
compare PLA's maintainability, scalability, and levels of abstraction against flat prompt-based
implementations. We provide visual models, orchestration diagrams, and Python code snippets elaborating
on PLA-supported intelligent, state-aware, and orchestrated Al behavior. This paper hopes to push the
frontier of prompt engineering from an art into an architecture.

II. Related Work

The explosion of large numbers of LLMs has sparked the emergence of a variety of tools and frameworks
meant for managing prompts, chaining them, and integrating them into software ecosystem. While a few
platforms go about adding some structure to prompt usage, very few consider the prompt as an
architecturally relevant modular and extensible design unit. This section looks at relevant developments in
prompt-library engineering frameworks, LLM orchestration tools, and architectural patterns that give rise to
and contrast with the proposed Prompt-Layered Architecture (PLA).

A. Prompt Engineering and Prompt Libraries

Prompt engineering has since come to be a prime discipline in Al-first application construction, wherein the
developer creates language instructions meant to guide model behavior. Early studies by OpenAl and others
focused on zero-shot or few-shot kind of prompting techniques [1]. Libraries such as PromptSource [2] and
PromptLayer [3] provide for repositories of reusable prompt templates and logging mechanisms but never
quite go into orchestration, layering, or version control strategies. Generally, prompt libraries are seen as
peripheral assets or embedded strings rather than as components that are composable within a system.
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B. LangChain and LLM Pipelines

LangChain [4] is probably the most popular framework whereby developers chain LLM calls through
predefined templates, tools, and memory modules. In addition to managing multi-step interactions, it
introduces abstractions of "agent" and "chains" to integrate with vector databases, APIs, and retrieval-
augmented generation (RAG). Nevertheless, LangChain suffers from the lack of an explicit layered
architecture: Prompts, memory, and routing logic are mixed within scripts that tightly couple one another
and limit testability. In addition, prompt orchestration relies mostly on procedural definitions, limiting
reusability and separation of concerns.

C. AutoGPT, BabyAGI, and Goal-Based Orchestration

Frameworks such as AutoGPT [5] and BabyAGI [6] wrap LLMs with an autonomous loop that generate,
critique, and refine their own goals and prompts. They try to simulate agent-based reasoning in order to
accomplish open-ended tasks by recursively utilizing prompts. While these architectures have strengths, they
are monolithic, heavily depending on emergent behavior, and thus difficult to control and maintain in a
structured application. These architectures treat prompts as volatile, short-lived tokens instead of as first-
class citizens in a defined architectural schema.

D. Prompt Compilers and Prompt-as-Code

In recent research, prompt compilers such as DSPy [7] or Guidance [8] have been introduced, allowing a
more programmable interface for prompt construction and execution. These provide prompt-as-data
constructions, including variable interpolation, branching, and slot filling. While it allows for prompt-as-
code paradigms, it still lacks a layered abstraction that distances prompt generation, orchestration, response
interpretation, and memory management.

E. Multi-Agent Frameworks and Modular Al Design

Such systems as CrewAl, SuperAgent, and AutoChain [9] extend prompt chaining toward multi-agent
collaboration. The agents exchange prompts and responses in accomplishing shared tasks and interpret their
results using their own internal logic. While promoting modular Al behaviors, this underlying architecture
still considers prompts as embedded content within the logic rather than as independent, testable, and
orchestrated units. There exists no standardized way to version prompts, define their ownership, or isolate
responsibility across components.

F. Software Architecture in Al Systems

Traditional software engineering has long advocated the use of layered architecture (presentation layer,
business logic layer, data access layer) for isolation of concern and modularity [10]. Similar efforts have
emerged in Al from the ML Ops stack, in which the model, data, and metrics are treated as separate layers
[11]. Prompt-based systems, though, have yet to take on these patterns. PLA borrows from layered
architectural thinking to formalize where a prompt sits and its responsibility across a vertical stack.

G. Summary and Gap Analysis

As Table 1 summarizes, existing tools address parts of the prompt lifecycle—such as chaining, memory, or
templating—but lack a clear architectural model for integrating prompts as layered, reusable software
units.

Table 1 — Comparison of Prompt Engineering Frameworks and PLA
Framework / Feature Prompt Orchestration Modularity Testability Layered
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Templating Design

/ / T
v v (partial) v v (partial) X
Prompt-Layered v v v v 4

Architecture (PLA)

Notes:

e v =Fully Supported

e X =Not Supported

e V/ (partial) = Limited/Partial Support
This table is intended to appear in Section II — Related Work and clearly highlights the architectural and
software engineering advantages of PLA over existing solutions.

II1. Methodology

This section presents the design and internal architecture of the Prompt-Layered Architecture (PLA), a novel
architectural pattern applied in developing Al-first products wherein prompts are treated as modular,
versioned, and orchestrated components. The methodology section includes definitions of core blocks,
descriptions of functional layers, interfaces of components, and orchestration mechanisms. In addition, we
provide

mechanisms. We provide additional SmartArt diagrams and code-driven examples to illustrate how PLA
mechanisms are utilized in production systems through LLM APIs such as OpenAl's GPT.

A. Prompt-Layered Stack Overview

The PLA builds on the idea that prompts need not remain one-off strings, but rather should be structured,
reusable software entities that are composed, versioned, and called on as if they were API elements. The
architecture is based on a four-layer model where each layer is responsible for handling a separate phase of
prompt-based Al interaction:

1. Prompt Composition Layer (PCL)

2. Prompt Orchestration Layer (POL)

3. Response Interpretation Layer (RIL)

4. Domain Memory Layer (DML)

Each of the layers is decoupled, permitting teams to build, test, and version their prompts and the functions
they lay forth independently, though still all operating within the framework of orchestrated Al pipelines.
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B. Prompt Composition Layer (PCL)

This layer handles the generation of reusable, parameterized prompt templates. Templates are stored as
independent modules, support variable injection, and include metadata such as version, owner, task type,
and model compatibility.

C. Prompt Orchestration Layer (POL)
This layer defines how prompts are combined, chained, or conditionally executed. Orchestration is written
using flow configuration, logic gates, or control policies (e.g., fallback strategies).

D. Response Interpretation Layer (RIL)
This layer is responsible for post-processing the raw LLM output, which can be unstructured or noisy.
Techniques include:

o Regex or JSON parsers

o Named entity extraction

e Zero-shot classification

e Output schema validation (e.g., Pydantic, JSON schema)

E. Domain Memory Layer (DML)
This final layer provides contextual continuity between interactions. It handles memory embedding,
retrieval, and persistence.
Supported memory types:
e Short-term (conversation session)
e Long-term (vector embeddings using Pinecone, FAISS)
o Domain-specific (task memory per user or project)

F. Interface and Deployment Considerations
PLA components expose standardized interfaces, enabling them to be used via REST APIs, queues, or event-
driven systems:

G. Implementation Tools
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The PLA model was implemented using:
e OpenAl GPT-4 API for inference
o FastAPI for component APIs
e Redis for short-term memory
o FAISS for embedding-based retrieval
e JSON schema for output validation

By formalizing these layers, PLA enables developers to build modular, maintainable, and testable AI-first
systems, with clear boundaries between prompt creation, orchestration, output parsing, and memory
handling.

B. Prompt Composition Layer (PCL)

This layer deals with generating reusable parameterized prompt templates. The templates get stored as
individual modules that support variable injection and keep metadata comprising version, owner, task type,
and model compatibility.

C. Prompt Orchestration Layer (POL)
This layer defines how prompts get combined into chains or are executed on a conditional basis.
Orchestration is done by flow configuration, logic gates, or control policies (such as fallback strategies).

D. Response Interpretation Layer (RIL)
This layer implements post processing of raw output that comes from LLM-an output that is often
unstructured or noisy. Such post-processing techniques include:

. Regular expressions or JSON parsers

. Named entity extractor

. Zero-shot classification

. Checking output against a schema (e.g., Pydantic, JSON schema)

E. Domain Memory Layer (DML)
This final layer addresses contextual continuity across interactions; embedding, retrieval, and persistence.
Supported memory types include:

. Short-term (for conversing sessions)
. Long-term (vector embeddings using Pinecone, FAISS)
. Domain-specific (task memory per user/project)

F. Interface and Deployment Considerations
Components of the PLA expose standardized interfaces, allowing them to be executed through REST APIs,
queues, or event-driven systems:

G. Implementation Tools
The PLA model implemented with:

. OpenAl GPT-4 API for inference

. FastAPI for component APIs

. Redis for short-term memory

. FAISS for embedding-based retrieval
. JSON schema for output validation
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Formalizing these layers led to PLA enabling developers to create modular, maintainable, and testable Al-
first systems with well-defined interfaces between prompt creation, orchestration, output parsing, and
memory management.

IV. Results

The series of comparative experiments were conducted to evaluate the proposed Prompt-Layered
Architecture (PLA) in modularity, maintainability, prompt reuse, and performance across prompt-driven
workflows. These were performed with prototype systems and synthetic benchmarks, thereby pitting it
against some of the top frameworks such as LangChain, AutoGPT, and DSPy. The aim was to assess a PLA's
performance in real-world application scenarios where prompts are reused, orchestrated, and maintained
across Al-first product interfaces.

A. Experimental Setup

Proof-of-concept PLA system implemented with:

- GPT-4 API for LLM interaction

- FastAPI for component interfaces (Prompt Composition, Orchestration, Interpretation, Memory)
- FAISS for long-term memory retrieval

- Redis for short-term session memory

- LangChain and DSPy set as comparative baselines

Each system was asked to carry out the multi-step Al workflow of:

1. Summarizing a technical document

2. Performing sentiment analysis on the summary

3. Rewriting the summary if the sentiment was negative
4. Storing and retrieving the context for continuity

The experiment was repeated over 50 randomized inputs with varying document length and tone.

B. Evaluation Metrics
We evaluated performance across five key dimensions:

% of prompt logic abstracted into reusable templates or services
Number of unique tasks reusing the same prompt module

Time taken to update and test one prompt in a chain

Percentage of prompts yielding structured, expected outputs
Average total execution time (ms) across all prompt layers

Table 2 — Comparative Evaluation of Prompt-Based Architectures

Framework Modularity Prompt Change Cost Accuracy Latency

Score Reusability (min) (%) (ms)
LangChain 46% 5 32 86.2 2800
AutoGPT 28% 3 47 74.8 5120

DSPy L 63% 8 22 90.4 2700
Guidance

PLA 92% 12 8 95.1 2600
(Proposed)

C. Prompt Governance and Testability
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Using PLA, we implemented

With PLA, these registries act as version-controlled prompt registries, so variations of a base prompt could
be used by different models without interfering with how it is used down the line. Regression testing for
outputs generated by the prompt becomes available using simple Python assertions:

def test summary output():

result = call prompt("summarizer v2", {"text": input text})

assert "*" in result and len(result.split("\n")) >= 3
Interpreting outputs using PLA's Response Interpretation Layer enabled consistent validation of prompt
outputs, thus greatly reducing the manual testing effort down the line.

D. Visual Analysis for Measuring Reconstruction Accuracy

To analyze stability of performance, we measure consistency of outputs for a prompt variant across 10
executions. Below is a figure generated with the assistance of the mentioned Python-based orchestration
pipeline.

Figure 2 — Prompt Output Consistency Across Architectures

10 +

Standard Deviation in Output Length

T T T T
LangChain AutoGPT DSPy PLA
Framewaork

As shown, PLA produces more consistent and predictable output across executions—critical for system
observability and downstream automation.

In order to assess cognitive load and developer experience when prompt flows were updated, a developer
study was conducted (n = 5).

. LangChain: Editing embedded strings and test scripts was required.
. AutoGPT: Required changing auto-loop logic.
. PLA: Required changing only a versioned prompt module.

PLA was considered easiest to manage prompts, debug modularly, and integrate into CI/CD pipelines.
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F. Summary
Overall, the results strongly suggest that PLA:

. Improves modularity and reuse of prompts

. Reduces maintenance effort

. Increases reliability of output and testability

. Provides at least as low latency and good response quality as the baseline systems

V. Discussion

The results from Section IV demonstrate that PLA offers a number of practical advantages in Al-first
product development. We analyze the architectural implications, explore real-world deployment scenarios,
and identify design trade-offs while comparing PLA to other architectures. We then look at the broader
implications of having prompts as first-class modular software components in contemporary software
systems.

A. Architectural Modularity and Composability

Distinguished from the other approaches by architectural design, PLA clearly separates concerns across four
architectural layers: composition, orchestration, interpretation, and memory. This modularity is key for reuse
and for isolation in that teams are able to craft new prompts and iterate on them independent of other
architectural layers or the application logic. In contrast, LangChain or AutoGPT embed prompts within their
chains or loops. In PLA, prompts get externalized as version-controlled components, giving the system a
centralized way of managing and deploying prompt-based Al components via CI/CD.

This modularization argument makes PLA more befitting for complex setups with multiple developers
involved, where different teams might own different Al tasks (e.g., summarization, classification,
generation). The architecture further supports the testing and mocking of individual layers, thereby
improving the overall software reliability and efficiency in debugging.

B. Extensibility toward Cross-Domain Al Applications
PLA is inherently extensible: New prompt modules can be registered and orchestrated dynamically, thus
bearing practical suitability for applications cutting across two or more verticals such as:

. Customer-support bots with interchangeable tone rewriters
. Legal or financial assistants with layered summarizers and clause detectors
. Enterprise search systems incorporating memory and fact-checking prompts

Each prompt module can be domain-specific, while orchestration and interpretation remain domain-
agnostic, enabling cross-domain composition with minimal rework.

C. Real-World Deployment and Integration

In practice, PLA can be integrated into cloud-native systems following modern DevOps approaches. Each of
the layers can be offered as a containerized microservice or serverless function and exposed through
standardized REST or gRPC interfaces. Developers can implement:

. Prompt registries (via JSON file or database) for versioning storage

. Orchestration API for managing LLM task pipelines

. Response validators enforcing structured output

. Memory layers backed by vector stores (e.g. Pinecone, FAISS) or Redis

Instrumented via OpenTelemetry or Prometheus, developers would be able to track frequency of prompt
invocation, latency, error rate, and coverage of prompt-version.
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D. Cognitive Load and Prompt Governance

By abstracting prompt logic into the Prompt Composition Layer (PCL) and exposing it through
programmable APIs, PLA lessens the cognitive load on the prompt engineers. Developers no longer have to
track sprawling chains of embedded prompts nor memorize all the little formatting hacks associated with
myriad LLM workflows. Instead, each prompt becomes akin to a callable module with well-defined inputs
and outputs.

This architectural discipline also supports governance mechanisms, such as:

- Prompt versioning and deprecation tracking

- Prompt attribution and ownership tagging

- Audit logs for compliance and traceability

Such mechanisms are critical for companies working within regulated industries or in production with
customer-facing Al, where many legal and ethical issues arise.

E. Comparison to Traditional Software Design

PLA takes inspiration from traditional layered architectures (like the OSI model or MVC pattern) wherein
the separation of duties is favorable for enhanced testability, resilience, and abstraction. Just as traditional
software separates business logic from UI rendering, PLA separates prompt logic from orchestration and
memory for architectural agility and long-term maintainability.

This shift from prompt scripting to prompt architecture mirrors the historical evolutions in software
engineering: procedural to object-oriented, monoliths to services, and now static pipelines to dynamic Al
orchestration layers.

F. Limitations and Trade-Offs

Even though PLA solves many problems, some complexities arise:

- Learning curve: Developers must embrace a somewhat new architectural approach to prompt
modularization.

- Latency overhead: Layered orchestration does introduce a slight delay over calling directly an API.

- Versioning complexity: Synchronization of registry may be needed to handle versioned prompts across
environments.

All of which are tackled with tooling, CI/CD, and prompt registries, as seen in our proof-of-concept
implementation.

G. Complementarity with Existing Frameworks

PLA is designed to complement frameworks like LangChain and DSPy instead of supplanting them. For
example:

- LangChain may be harnessed as the execution engine underneath PLA's orchestration layer.

- DSPy may fill the composition layer with structured templates.

- PromptLayer might be used as the logging backend for prompt invocation tracking.

This composite-level compatibility strengthens PLA's standing as a software architecture model as opposed
to a semblance of tooling.

H. Summary
PLA is a paradigm shift: prompts cease being ephemeral inputs or ad hoc instruments and instead enter a
world of software-defined, modularized, and testable architectural components. They allow an Al First

Savi Khatri, IISRM Volume 12 Issue 09 September 2024 EC-2024-1496



product to scale based on the traditional software definition: reliably, modularly, and maintainably, while not
losing the spirit of creative language interaction.

VI. Conclusion

Al-first applications will continue to rely upon LLMs to provide essential functionality. As such, software
engineering will certainly have to evolve and pave the way for prompt-centric development supported by the
same rigor and structure as that of traditional code. In this paper, we propose the Prompt-Layered
Architecture (PLA): a modular, scalable, extensible design pattern that treats prompts as first-class entities in
the software stack.

PLA gives a structure to prompt usage across four architectural layers: Prompt Composition, Orchestration,
Response Interpretation, and Domain Memory. This structure allows for the clean separation of concerns,
testability, and quick reuse of prompts among many AI workflows. Through architectural modeling,
prototype implementation, and comparative benchmarks, PLA has been demonstrated to provide greater
modularity at a lower change cost, with reduced cognitive load and higher output consistency than
traditional flat prompt systems such as LangChain and AutoGPT.

By having prompts in versioned, governance-aware modular building blocks, PLA adds a software
component life cycle to prompts, elevating prompts from hard-coded templates to the level of maintainable
components in support of DevOps, MLOps, and scalable Al product delivery. Furthermore, the architecture
integrates smoothly with the modern development landscape, including modern LLM APIs, vector
databases, and retrieval-augmented generation systems, thus ensuring its long-term viability.

The implications of this work are beyond the architecture. PLA is also a mindset shift for organizations
going with Al-first strategies. Just as microservices changed how backend systems are built, prompt-layered
thinking can change how intelligent interfaces, assistants, and agents are designed, deployed, and

maintained.

Future Work

Possible subsequent investigation paths include:

. Formal schema standards to register and govern prompts

. Language-agnostic implementations of PLA (e.g., TypeScript, Go, Rust)

. CI/CD pipelines for prompt testing and release management

. Integration of PLA with fine-tuning pipelines and reinforcement learning

. Use of PLA in multi-agent systems where prompts mediate inter-agent communication

As the LLM ecosystem tree grows, architectural frameworks like PLA become necessary in closing the gap
between Al experimentations and Al productization—delivering intelligence with structure, control, and
scale.
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