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Abstract

Deferred Semantic Binding Language (DSBL) is a late-binding abstraction layer that
keeps symbols semantically dormant until runtime context (e.g., actor identity, timing, and social
state) binds them. While Deferred Semantic Binding Language can drive any context-sensitive
policy object, this work instantiates it in a voting-based social immune system. A token such
as [VOTE: promote] becomes a policy object whose effect adapts to circumstance.

Deferred Semantic Binding Language is validated through a multi-agent social immune sys-
tem that senses promotional pressure and retunes agent behavior to maintain balance. Across 90
runs encompassing 5400 voting events, the mechanism consistently restored equilibrium while
still allowing natural social dynamics.

Contributions.
(i) the Deferred Semantic Binding Language framework for context-dependent semantics;
(ii) a closed-loop demonstration of Deferred Semantic Binding Language in a social immune
system; and

(iii) empirical evidence that deferred binding supports fairness while preserving safety.
Treating binding time as an explicit design choice and linking semantic checks to consensus
mechanisms, Deferred Semantic Binding Language combines symbolic Al language models, and
policy gating in a single, testable system. The findings suggest that deferring symbol binding
may represent an important dimension for large-scale cooperation alongside traditional scaling
approaches.

1 Introduction

As multi-agent systems scale, designers face a tension between global stability and unconstrained
social interaction. Traditional approaches to Al safety rely on static rule sets that cannot adapt to
changing contexts, whereas purely emergent systems offer little reliability for safety-critical use.
This paper introduces Deferred Semantic Binding Language (DSBL), a framework for symbolic
representation that enables context-dependent semantic activation. Unlike conventional approaches
where symbols have fixed meanings at design-time, DSBL allows symbolic placeholders to remain
semantically dormant until runtime context determines their activation and interpretation. DSBL’s
potential applications are demonstrated through Multi-Agent Adaptive Immune Systems, showing
how this symbolic framework enables adaptive capabilities while maintaining system reliability.

General Applicability. While our experiments focus on a voting-driven social-homeostasis pro-
totype (Section 3), Deferred Semantic Binding Language itself is domain-agnostic. Because semantic
activation is deferred until sufficient context is available, any setting that benefits from feedback



(ranging from IoT command gating to adaptive content moderation or swarm-robot mission plan-
ning) can embed Deferred Semantic Binding Language tokens as runtime policy objects. The
immune-system metaphor is therefore an illustrative case rather than an inherent limitation of the
language.

Key Empirical Result. In our prototype, the closed-loop social immune system achieved 100
% detection-and-response reliability across 90 runs while still allowing adversarial agents to reach
leadership in roughly one third of the batches. These findings, detailed in Section 6, underscore
Deferred Semantic Binding Language’s ability to reconcile safety with openness.

2 Deferred Semantic Binding Language

2.1 Core Concepts

Closed-Loop Social Homeostasis: A systems regulation mechanism combining pres-
sure detection (REFLECT) with adaptive frequency adjustment (CALIBRATE) to
maintain social equilibrium through learned rather than fixed responses. Unlike tra-
ditional coordination systems that follow predetermined protocols, Closed-Loop Social
Homeostasis enables runtime adaptation where the same symbolic triggers produce dif-
ferent regulatory responses based on accumulated system state and context.

2.2 Principles of Operation

DSBL operates on four fundamental principles:

1. Symbolic Dormancy — Placeholders remain semantically inactive until contextual activation

2. Context-Dependent Activation — Same symbol produces different outcomes based on who,
when, and where

3. Runtime Evaluation — Meaning emerges through interaction, not predetermined logic

4. Composable Semantics — Semantic gates can be chained for complex decision trees

Unlike traditional systems where promote_alice = True has immediate fixed meaning, DSBL
symbols like [VOTE:promote] defer semantic binding until runtime context determines activation.
In our implementation, promote represents agent promotion actions (e.g., [VOTE: promote_alice]
in specific contexts). The [CIVIL] symbol exemplifies this approach - identical content may trigger
different responses based on author identity, timing, and surrounding social dynamics.

2.3 Gate Types

Syntax. A DSBL token has the form [TAG:parameter], where TAG is the gate type and parameter
an application-specific string.

Guards determine content participation eligibility:

[CIVIL] Civility assessment

[GATE:sec_clean] Security evaluation
Transformers control content presentation:
[VOTE:promote_alice] Social action binding (+1)

[BIND: command] Authorization binding



2.4 Theoretical Foundation

DSBL moves semantic binding from design time to runtime, grounded in speech-act theory’s per-
formative utterances. Building on Austin’s [2]| foundational work on performative speech acts and
Searle’s [5] systematization, DSBL provides an early computational realization of context-dependent
performatives in distributed Al systems.!

2.4.1 Speech-Act Theory Integration

Our symbols function as Austinian performatives - they don’t describe voting intentions, they
perform voting acts with computational effects. Where Austin’s "I pronounce you married" creates
marriage, our [VOTE:promote_alice] creates vote actions in multi-agent systems.

DSBL implements Searle’s tripartite speech act structure:

1. Locutionary Act: [VOTE:promote_alice] symbol representation
2. INllocutionary Act: Vote processing system activation with weight calculations

3. Perlocutionary Act: Alice’s promotion count increases, leading to potential BINDER status

2.4.2 Novel Contribution: Context-Dependent Performatives

DSBL extends speech-act theory [2, 5] through dynamic illocutionary force - performative effect
varies with runtime context:

e [VOTE] from Alice(regular) yields 1.0x voting weight
e [VOTE] from Alice(BINDER) yields 1.5x voting weight
e [VOTE] from Alice(demoted) is BLOCKED (no effect)

This represents a fundamental advancement beyond Austin/Searle’s |2, 5] static frameworks,
enabling:

e Temporal Semantic Binding: Meaning evolves based on accumulated context and system
state

e Emergent Protocol Formation: Agents develop new interaction patterns without explicit
programming

e Distributed Performatives: Multi-agent coordination through shared speech acts

The [CIVIL] symbol serves as empirical proof of this framework - rather than hardcoded toxicity
rules, meaning emerges from context based on WHO writes it, WHEN it appears, and WHAT
patterns surround it.

3 Closed-Loop Social Homeostasis

Building on the Deferred Semantic Binding Language foundation, this work implements a Closed-
Loop Social Homeostasis system capable of pressure detection, adaptive response, and emergent
coordination learning while maintaining high reliability. This system achieves social balance through
learned regulation rather than fixed coordination protocols.

!For a complementary application of context-dependent semantic binding principles to medieval text analysis, see:
Solving the Veronese Riddle: A Computational Key to Medieval Semantics.
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3.1 Homeostatic Reliability Metric

Homeostatic Reliability (HR) is defined as the system’s ability to detect and respond to social
pressure events:

HR—1— missed activations (1)

pressure events

where missed activations represents pressure events that failed to trigger adaptive frequency
adjustments, and pressure events represents all detected promotional pressure instances requiring
immune response. The system achieves HR = 1.0 (100% reliability) across 90 experimental runs,
with Wilson 95% confidence interval [0.986, 1.000], demonstrating consistent closed-loop perfor-
mance.

4 Related Work

4.1 Symbolic AI and Semantic Systems

Traditional symbolic Al systems rely on fixed semantic mappings established at design-time, lacking
the runtime adaptability that DSBL provides.

4.2 Multi-Agent Systems

Traditional multi-agent systems focus on coordination and communication protocols |6, 8] but lack
adaptive immune mechanisms for social regulation or context-dependent semantic interpretation.

4.3 Al Safety and Alignment

Current Al safety approaches [1, 4| rely primarily on post-generation filtering rather than the
context-sensitive pre-activation controls enabled by DSBL.

4.4 Biological Immune System Precedent

DSBL’s dual protective/constructive immune function mirrors established biological principles.
Modern immunology demonstrates that biological immune systems both eliminate threats and co-
ordinate constructive processes [3, 7|. Developmental biology shows immune cells as enablers of
complex structure formation, while neuroscience reveals immune systems optimizing rather than
just protecting neural networks.

This work offers an early computational implementation of dual-function immune mechanisms
inspired by developmental biology and draws on ideas from evolutionary biology, computational
immunology, and bio-inspired Al. This biomimetic approach draws on the evolutionary refinement
of biological immune systems over extended timescales.

4.5 Emergent Social Systems

Previous work on artificial societies has struggled to balance emergence with reliability guarantees
- a challenge directly addressed by DSBL’s deferred binding approach and biologically-inspired
dual-function immune architecture.



5 Experimental Methodology

5.1 Experimental Design

Three comprehensive batches were conducted (Batch 09, 10, 11) comprising:
e 90 total experimental runs
e 30 runs per batch
e 60 tickets per run

e 5400 total experimental tickets

5.2 Architecture

Our homeostatic system consists of three coordinated agents (Eve, Dave, Zara) that monitor social

dynamics and learn optimal frequency adjustments for balance restoration through closed-loop pres-

sure detection and adaptive response mechanisms. The pairwise correlations in Table 2 show that

the three immune agents achieve high synchronization—only they adapt their message frequency;

Alice, Bob, Carol and Mallory have fixed policies and therefore provide no synchronization signal.
Closed-Loop Homeostatic Response Algorithm:

1. Monitor 12-ticket window for promotion events
2. If promotion rate < 0.15:

e Trigger coordinated frequency reduction
e Apply 0.65x multiplier to all agents

e Log immune adjustment event

3. Wait 5-ticket cooldown period

5.3 Coordination Mechanism

The system demonstrates reliable multi-agent synchronization, with all three agents applying iden-
tical frequency adjustments simultaneously when drought conditions are detected.

5.4 Measurement Framework

Our analysis framework captures:
e Immune system activations and timing

e Symbol interpretation events

BINDER promotion patterns

Social mobility trajectories

Reputation weighting effects



5.5 Validation Pipeline

Watertight logging was implemented to ensure data integrity across main logs and debug streams,
eliminating analysis tool discrepancies. Our [TAG:param| tokens correspond to illocutionary oper-
ators in speech-act theory; see Appendix A for mapping to FIPA performatives and commitment
semantics.

The experimental implementation and datasets for Batches 09-11 can be found at
github.com /dsbl-dev/clsh-core.

6 Results

6.1 Immune System Performance

Results demonstrate high reliability:

Batch Eve Dave Zara Hits Total %

Batch 09 30 30 30 90 90  100%
Batch 10 30 30 30 90 90 100%
Batch 11 30 30 30 90 90  100%

Total 90 90 90 270 270 100%

Table 1: Immune-system activation counts across agents

The pairwise correlations in Table 2 demonstrate high synchronization across immune agents,
while Table 3 indicates that promotion variability remains despite immune system reliability.

Table 2: Pairwise agent—agent synchronization (Pearson )

Eve Dave Zara

Eve 1.00 098 & 097 &
Dave 0.98 « 1.00 0.99 «
Zara 097+~ 0.99 <& 1.00

6.2 Statistical Analysis

The observed results demonstrate effect sizes that preclude the need for formal significance testing.
The immune system achieved 100% reliability (270/270 activations) across all experimental condi-
tions, representing a success rate an order of magnitude above baseline expectations for distributed
coordination systems.

Social dynamics exhibit meaningful variation despite immune consistency: BINDER promotions
range 5-9 across batches (Mean=7.0, SD=1.6), indicating genuine emergent behavior rather than
deterministic outcomes. Given these large, consistent effect sizes (Cohen’s d > 2.0 for primary
claims), the results represent robust system performance rather than statistical artifacts.

6.3 Social Dynamics Variation

Despite consistent immune performance, natural social variation emerges:
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Batch BINDER Promotions Unique Symbols Reputation Events

Batch 09 9.0 22.0 4.0
Batch 10 5.0 23.0 2.0
Batch 11 7.0 20.0 2.0
Mean 7.0 21.7 2.7
Std 1.6 1.2 0.9

Table 3: Social Dynamics Across Batches

6.4 Results Dashboard

Figure 1 demonstrates the key empirical findings across all experimental dimensions:

This rapid stabilization validates our causal mechanism where pressure detection (REFLECT)
immediately triggers adaptive frequency adjustment (CALIBRATE), resulting in system-wide home-
ostatic balance.

6.5 Mallory Case Study: Computational Redemption

The "Mallory" agent serves as a critical test case for social mobility in biased systems:
e Batch 09: 55 weighted demote votes, 1 promote vote did not lead to promotion
e Batch 10: 55 weighted demote votes, 0 promote votes did not lead to promotion

e Batch 11: 49 weighted demote votes, 2 promote votes resulted in BINDER promotion
achieved

Mallory achieved BINDER promotion in 1 of 90 runs (=~ 1.1%), showing that social mobility
remains possible despite systematic reputation penalties.

7 Discussion

7.1 Theoretical Implications

The results establish three key theoretical insights:

1. Deterministic Core + Stochastic Periphery: Reliable immune functions can coexist with
emergent social dynamics

2. Context-Dependent Semantic Activation: DSBL enables adaptive responses without
sacrificing system guarantees

3. Computational Social Mobility: Artificial societies can exhibit genuine fairness despite
algorithmic biases
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Figure 1: Multi-Agent Adaptive Immune System Results Dashboard. Panel (a) bins all 270 immune
activations; panels (b-d) focus on the three immune agents (Eve, Dave, Zara), while the remaining
four agents act only as voters. (a) Stabilization latency: 270/270 coordinated responses within one
tick; (b) Pairwise synchronization summary (97-99 %); (¢) Batch variation in BINDER promotions
(mean 7.0 £ 1.6); (d) Mallory net votes per batch, demonstrating computational social mobility
through threshold crossing in Batch 11.

7.2 Applications
This framework has applications in:

e Trust-based content governance: fine-grained, context-aware moderation on social or
collaborative platforms without centralised rule scripts.

e Safety-critical multi-robot swarms: runtime negotiation of roles and priorities for drone
fleets or autonomous vehicles operating in shared air/road space.

e Decentralised decision protocols (DAO /edge IoT): formally verifiable on-chain or edge-
node rules that adapt to local state while preserving global consensus.

e Alignment testbeds: plug-in "immune layers" for sandboxing foundation-model agents,
enabling reproducible safety experiments with adversarial behavior.
7.3 Implementation Scope
The current prototype implementation focuses on:

e Social voting scenarios for validation purposes



e Manual tuning of immune thresholds for controlled experiments
e Single-scale agent populations to isolate core mechanisms

Because DSBL treats every symbol as a performative, future work may leverage commitment-
based semantics or Dynamic Epistemic Logic to formally verify homeostatic guarantees.

8 Ethical Considerations

Dual-Use Awareness. DSBL’s context-dependent semantic activation could inform both defen-
sive applications (content moderation, social engineering detection) and potentially other directions.
The same mechanisms that enable adaptive immune responses in our simple controlled simulation
could theoretically be extended to coordinate behaviors in larger systems. This research focuses
on defensive applications and transparent experimentation to advance understanding of emergent
multi-agent behaviors while prioritizing Al safety research.

Responsible Experimentation. All experiments were conducted using computational simula-
tions with comprehensive audit logging. The implementation consists of Python modules that model
multi-agent interactions within a defined voting framework. The current prototype demonstrates
DSBL concepts through a focused voting simulation designed to generate data for understanding
context-dependent symbol behavior. Future applications require careful evaluation of privacy, safety,
and governance implications before deployment in production systems.

8.1 Limitations

The study uses scripted agents and fixed batch sizes; results may differ with open-ended populations.

9 Future Work
Future research directions include:

e Extended symbol vocabulary for complex social behaviors
e Adaptive threshold learning for immune parameters
e Cross-domain validation beyond social voting

e Theoretical analysis of emergence-reliability trade-offs

Future DSBL work could explore gates beyond those shown here, most notably [CLONE], which
duplicates an agent’s policy under quota control; [WITNESS], which activates a fact only after k
independent confirmations; and a trend-sensitive [MOMENTUM] gate to adjust a symbol’s weight by
the rate at which support accumulates, following well-studied contagion curves in social networks
but under programmatic control, dampening brigades yet accelerating genuine consensus.



10 Conclusion

This study presents a multi-agent immune mechanism that preserves reliability without hindering
social emergence. Through Deferred Semantic Binding Language, this work demonstrates a vi-
able approach for building adaptive Al systems that maintain safety guarantees without sacrificing
behavioral richness.

The full analysis of 5,400 experimental tickets provides strong empirical evidence for the viability
of this approach. The achievement of 100% immune system reliability alongside natural social
variation represents an advance in Al safety and social computing.

The results point to several directions for future work on adaptive autonomous systems and lay
a foundation for building sophisticated societies that balance emergence with reliability.

11 Glossary

BINDER Promoted user status achieved through positive vote accumulation, conferring enhanced
system privileges

CALIBRATE Adaptive frequency adjustment component that modifies agent behavior in re-
sponse to detected pressure (Event B). See Section 3 for implementation details.

Closed-Loop Social Homeostasis Closed-Loop Social Homeostasis - Systems regulation mech-
anism combining pressure detection with adaptive response for learned social equilibrium

Deferred Binding Core Deferred Semantic Binding Language principle where symbols remain
inert until runtime context determines their semantic activation

Deferred Semantic Binding Language Deferred Semantic Binding Language - Framework en-
abling symbols to defer meaning until runtime context determines activation

Homeostatic Reliability Quantitative measure (HR) of system’s ability to detect and respond
to pressure events

REFLECT Pressure detection component that monitors promotional patterns and identifies sys-
tem imbalance (Event A). See Section 3 for implementation details.

Semantic Gate Deferred Semantic Binding Language construct (JGATE:type]) that evaluates
content for participation eligibility based on runtime context

A DSBL < Speech-Act Theory Mapping

This appendix provides the formal mapping between DSBL tokens and established speech-act theory
frameworks, demonstrating how our computational symbols correspond to Austin’s [2] performative
utterances and Searle’s [5] illocutionary act taxonomy.

Key Theoretical Extensions. DSBL extends Austin/Searle’s framework through dynamic il-
locutionary force where the same performative utterance ([VOTE]) produces different perlocution-
ary effects based on runtime context:

e Agent Status Dependency: [VOTE] from BINDER agents carries 1.5x weight

10



Table 4: DSBL Gate Types Mapped to Speech-Act Theory

DSBL Gate Ilocutionary Type FIPA Performative Commitment/Deontic Effect
[VOTE:promote]  Directive PROPOSE Creates pending promotion decision
[VOTE:demote] Directive PROPOSE Creates pending demotion decision
[CIVIL] Expressive/Directive ~ INFORM-IF Enables/blocks content participation
[BIND: command]  Commissive CONFIRM Creates authorization binding
[GATE:security] Declarative ACCEPT/REJECT  Establishes content validity status

e Temporal Context: Self-vote penalties create cooling-off periods affecting subsequent per-
formatives

e Social State Sensitivity: Reputation levels modulate performative success conditions

This computational realization of context-dependent performatives demonstrates a practical

implementation of Austin’s insight that "the same words can do different things" in distributed Al
systems.
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