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Abstract

Modern software systems increasingly demand that developers specify what a system should
accomplish rather than how it should be implemented, motivating declarative languages, intent-
based domain-specific systems, and Al-assisted programming tools; however, many existing ap-
proaches remain confined to narrow domains, are tightly coupled to particular execution engines,
or implicitly outsource program meaning to probabilistic models, weakening determinism, repro-
ducibility, and formal reasoning. This paper introduces the Intent-Oriented Programming
Language (IOPL), a general-purpose language that elevates intent to a first-class semantic
construct while preserving deterministic, verifiable execution: IOPL separates semantic intent
from execution strategy via a staged compiler pipeline and a canonical Execution Intermedi-
ate Representation (EIR) that freezes observable semantics prior to code generation, and it
constrains Al components to non-authoritative roles whose outputs must conform to EIR and
be subject to verification. We outline the language model, compiler architecture, runtime se-
mantics, determinism contract, and verification approach, and situate IOPL within the broader
research landscape.
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I Introduction

Imperative programming languages require developers to encode control flow and execution order
even when these details are incidental to the underlying program intent. While this paradigm
provides fine-grained control, it complicates reasoning about correctness, parallelism, and system-
wide behavior.

Declarative languages reduce this burden by focusing on what properties should hold rather than
how they are achieved, but they are typically confined to narrow domains or fixed execution models.
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More recently, Al-assisted programming systems have further raised the level of abstraction, yet
often at the cost of nondeterministic behavior and weak semantic guarantees when probabilistic
models implicitly define program meaning.

IOPL addresses these limitations by treating intent as the primary semantic unit while enforcing
deterministic observable behavior across compilers, runtimes, and Al-assisted backends. The central
claim of this work is that intent-oriented abstraction can coexist with semantic rigor through explicit
planning semantics and a formally defined execution model.

II Intent as a Semantic Construct

In IOPL, an intent declaratively specifies a desired system effect through preconditions, postcon-
ditions, permitted state effects, execution policies, and observable events. Intents do not encode
algorithms, control flow constructs, or execution order.

By elevating intent from a descriptive annotation to a semantic construct, execution structure is
derived mechanically by the compiler and enforced by the runtime. Ordering, parallelism, and
resource usage emerge from intent dependencies, enabling principled reasoning about program
behavior and correctness.

III Language Overview

An TOPL program consists of a set of intent declarations with no explicit global execution order
or control flow constructs. Execution behavior is derived exclusively from semantic dependen-
cies between intents, eliminating accidental ordering constraints and enabling systematic analysis,
optimization, and verification independent of backend or runtime.

IV  Compiler Architecture

TIOPL employs a staged compiler pipeline in which semantic meaning is resolved prior to execution
or code generation:

1. Parsing and construction of the Intent Abstract Syntax Tree (IAST)

2. Semantic analysis and validation

3. Intent dependency graph construction

4. Deterministic execution planning

5. Lowering to the Execution Intermediate Representation (EIR)

6. Backend-specific code generation



Execution planning is an explicit compiler phase rather than an implicit runtime behavior, ensuring
that execution structure is a derived semantic property.

V Execution Planning and Execution Intermediate Representa-
tion

From the validated set of intents, the compiler derives an acyclic and unambiguous dependency
graph. A deterministic execution plan is computed from this graph and lowered into the Execution
Intermediate Representation (EIR), which serves as the canonical semantic form of the program.
Once lowered to EIR, the program’s observable semantics are fixed and invariant under subsequent
compilation or code generation steps.

VI Runtime Execution Model

The IOPL runtime executes EIR under strict semantic enforcement. Preconditions and postcon-
ditions are validated dynamically, effects are applied deterministically, and observable events are
recorded in an execution trace. Semantic violations result in well-defined failure modes, making
the runtime an enforcement mechanism for the language’s guarantees.

VII Formal Semantic Model and Determinism Contract

To make the intent-oriented model precise and to support rigorous reasoning, IOPL admits a
lightweight mathematical formulation that captures intent semantics, execution planning, and de-
terminism. This formulation is intentionally minimal; it is not intended as a full denotational
semantics, but as a clarifying abstraction that makes the core ideas explicit.

Semantic Domains

Let I be a finite set of intents, S a set of abstract program states, and O a set of observable events.
i€l £ (Pre;, Post;, Eff;, Emit;). (1)

Here Pre;, Post; : S — {true, false} are predicates, Emit; C O is the set of events emitted by intent
i, and Eff; : S — S is the (semantic) state transformer.

Dependency Relation and Planning

A dependency relation < C I x I is induced by semantic requirements (e.g., an intent requiring a
fact established by another). The compiler constructs a directed graph G = (1, <).

(i < j) = i must be executed before j. (2)



A deterministic execution plan is any topological ordering of G:

P = (i1,...,1,) such that (i < i) = k <. (3)

Execution Semantics and Determinism Contract

Given an initial state sg € S, executing plan P yields a state sequence defined by:

Sk+1 :Eﬁlk(sk)a k=0,...,n—1, (4)
Pre;, (si) A Posti, (Sk+1)- (5)

The observable trace is the concatenation of emitted events:
T(P, 80) = Emitil . EmitiQ s Emltzn e O*. (6)

Determinism Contract. For any fixed program and initial state sg, all conforming implementa-
tions must produce the same trace T'(P, sg), where P is the compiler-derived deterministic plan.

VIII Role of AI in IOPL

AT systems, including large language models, may participate in backend code generation only
after semantics have been fixed in EIR. All generated artifacts must conform to EIR-defined be-
havior and are subject to verification. This design enables Al-assisted compilation while preserving
determinism, auditability, and formal reasoning.

IX Related Work and Limitations of Vibe-Based Coding

Declarative and constraint-based languages emphasize what should hold rather than how it is
achieved, but they are typically bound to fixed execution engines and lack explicit planning seman-
tics. Intent-based languages in domains such as software-defined networking demonstrate intent-
driven compilation but do not generalize to arbitrary software systems with heterogeneous effects.

Recent discourse around so-called wvibe coding and prompt-oriented development frames program-
ming as the articulation of high-level intent augmented by qualitative descriptors, with large lan-
guage models responsible for synthesizing executable code. While effective for rapid prototyping,
these approaches lack a well-defined semantic boundary. Program meaning is implicitly distributed
across prompts, model parameters, and generation context, leading to fragile reproducibility and
limited verifiability.

Moreover, vibe-based systems conflate specification and implementation, providing no explicit se-
mantic freeze point at which program meaning becomes fixed. Qualitative descriptors such as
“clean” or “efficient” are inherently underspecified and interpreted heuristically by models, which
effectively assume semantic authority despite their probabilistic and opaque nature. As a result,
deterministic observable behavior cannot be guaranteed across time, environments, or toolchains.



IOPL addresses these limitations by separating intent specification from execution realization, intro-
ducing an explicit semantic freeze point via EIR, and constraining Al systems to non-authoritative
roles within a deterministic compilation and verification pipeline.

X Implementation and Verification

A minimal IOPL implementation includes a parser, semantic analyzer, execution planner, EIR gen-
erator, reference EIR interpreter, and execution trace verifier. Compiler and runtime conformance
is established by comparing observable execution traces against the reference semantics, which
function as an executable specification of the language.

XI Conclusion

IOPL demonstrates that intent-oriented programming and Al-assisted compilation can be recon-
ciled with strong semantic guarantees. By separating intent from execution strategy, introducing
explicit and verifiable planning semantics, and enforcing deterministic execution through a canon-
ical intermediate representation, IOPL provides a foundation for reproducible, analyzable, and
extensible software systems in the presence of Al-assisted tooling.



