
Building 
Skills-Extended
Agent Systems

Estimated Read Time:15 Minutes

How to architect, build, govern, and scale next-generation AI agents 
that combine foundational model intelligence with composable, 
production-safe skill modules - grounded in open standards and 
peer-reviewed research.



Short Summary
As enterprises transition from isolated AI pilots to production-scale deployments, they are increasingly 
seeking architectures that balance flexibility, governance, and long-term maintainability. Established 
practices - including prompt engineering, model customization, and retrieval-augmented generation 
provide proven mechanisms for improving model performance and contextual relevance. Building on 
these foundations, emerging agent skill framework offer a structured approach for encapsulating 
expertise, coordinating actions, and extending AI capabilities across diverse enterprise workflows.

This paper covers the architectural patterns, governance models, security considerations, and operational 
frameworks required to manage skills as enterprise assets. It also examines how organizations can 
design, deploy, version, monitor, and govern skill-enabled agent ecosystems while maintaining alignment 
with enterprise standards for security, compliance, and reliability.

Readers will gain practical guidance on incorporating skills into their AI strategy by outlining a phased 
adoption roadmap to help organizations evolve from isolated AI solutions toward more capable, 
adaptable, and maintainable agent-based systems.

Key takeaway: Organizations that treat skills as reusable enterprise assets can accelerate AI adoption and 
establish a scalable foundation for building increasingly sophisticated AI-powered business capabilities."
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Executive Summary

This paper defines an architectural blueprint spanning progressive-disclosure design, skill lifecycle 
governance, and a structured enterprise adoption roadmap, with a clear focus on production deployment.

The opportunity is immediate. Organizations that establish strong skill engineering practices now will 
compound their advantage as the ecosystem matures. Those that delay risk accumulating technical debt 
through brittle prompt chains and ungoverned tool integrations at scale.

A skills-extended agent is not a fine-tuned model or a prompt chain. It is a modular, governed system 
where procedural intelligence scales through reusable, auditable skill packages, dynamically invoked 
and replaceable without model redeployment.

Core Proposition

26.1% 59% 72.6%
of community skills contain 

at least one vulnerability 
(Liu et al., 2026)

reduction in token consumption 
from skill reuse vs prompt-only 

baselines (SAGE, 2025)

agent success rate on OSWorld -
exceeding human-level 
performance (Feb 2026)

Enterprise AI faces a structural paradox: foundation 
models perform strongly in controlled settings yet fall 
short in specialized production workflows. 
Fine-tuning is costly and inflexible; 
retrieval-augmented generation adds context but not 
execution; prompt engineering results in brittle, 
unscalable systems.

A fourth approach is emerging: Skills-Extended Agent 
Systems — architectures where composable skill 
modules provide procedural expertise on demand, 
without retraining the underlying model.

This whitepaper presents a production-grade framework 
for designing, deploying, and governing such systems. It 
brings together the Agent Skills paradigm, the Model 
Context Protocol (MCP), and advances in reinforcement 
learning, compositional reasoning, and agent security.
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1 
THE CAPABILITY-DEPLOYMENT GAP IN 
ENTERPRISE AI

1.1 Why Existing Approaches Fall Short

1.2 The Cost of the Status Quo

Enterprise AI faces a consistent paradox: models perform well in benchmarks but fall short in production 
workflows. The issue is not model capability; it is an architectural mismatch.

Organizations without a skills architecture incur compounding costs. Each specialized workflow requires 
a bespoke implementation such as separate prompts, fine-tunes, or orchestration logic. These artifacts 
are rarely reusable, shareable, or auditable. Model updates require rework, and evolving business rules 
demand manual intervention.

The IBM Watson Orchestrate deployment (Bandlamudi et al., 2024) illustrates the scale of this challenge. 
Converting enterprise APIs and RPA workflows into reliable conversational systems required a structured 
build-time pipeline—because relying on runtime inference alone proved costly and error-prone.

The lesson is clear: procedural knowledge must be externalized, versioned, and governed.

The industry needs a standardized way to package and manage this expertise. The Agent Skills paradigm 
provides that foundation.

Fine-tuning improves task performance but reduces flexibility, requires retraining as rules change, and 
increases cost across workflows.

Retrieval-Augmented Generation (RAG) adds context but not execution. It provides information, not 
workflow logic or control.

Prompt engineering is widely used but does not scale. Prompts are hard to version, difficult to reuse, 
and quickly become unmanageable as complexity grows.

Tool use and function calling enable execution but not decision-making. Tools perform tasks but do not 
define workflows, handle edge cases, or guide problem-solving.

LLMs provide broad reasoning, but business workflows require domain-specific, repeatable procedures.

Business workflows require coordinated, multi-step decision-making grounded in domain-specific 
procedures. Current approaches like prompts, RAG, and tools do not address this at scale.

The Core Gap
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2 
AGENT SKILLS: THE EMERGING STANDARD

2.1 How Skills Differ from Prior Abstractions

2.2 The SKILL.md Specification

An Agent Skill is a self-contained, filesystem-based package that provides domain-specific procedural 
expertise on demand. It is not a fine-tuned model, prompt, or function. Instead, it is a structured directory 
containing a specification file (SKILL.md), optional scripts, reference documents, and assets—designed to 
be dynamically discovered and executed when relevant.

Anthropic formalized the Agent Skills paradigm in October 2025 and released it as an open standard via 
agentskills.io in December 2025. The ecosystem scaled rapidly, with over 62,000 GitHub stars and 
contributions from partners such as Atlassian, Figma, Canva, Stripe, and Notion.

The Model Context Protocol (MCP), introduced in November 2024 and later governed by the Linux 
Foundation’s Agentic AI Foundation, provides the complementary connectivity layer.

At its core, each skill is a directory anchored by a SKILL.md file with YAML frontmatter defining its name 
and description. This metadata, typically 20–50 tokens, is the only part pre-loaded into the agent’s 
context, allowing large skill libraries without significant context overhead.

Full instructions are loaded only on trigger. Additional resources like scripts, reference documents, and 
templates remain in subdirectories and are accessed only when explicitly required.

Together, Agent Skills and MCP form the foundation of the emerging production agentic stack.

Paradigm

Prompt Engineering

Tool Use / Function 
Calls 

Retrieval-Augmented 
Gen

Agent Skills 
(SKILL.md) 

Factual knowledge injection 
at inference 

Composable procedural 
expertise loaded on demand 

Modify execution context or 
grant tool permissions

N/A — complements all prior 
paradigms

2023–2025

2025–present

Atomic API and service 
invocations

Prescribe multi-step workflow 
logic 

2023–2024

Zero/few-shot behavior 
elicitation

Version, modularize, or 
Reusability

2022–2023

What It Provides What It Cannot Do Prominent Timeframe
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2.3 Anatomy of a Skill: What It Actually Looks Like

Key Architectural Insight

Skill execution modifies the agent's preparation, not its output directly. This is the defining distinction 
from function calls. A function call produces a result; a skill reshapes what the agent knows, what tools it 
has permission to invoke, and how it frames the problem before generating any response.

A skill is simply a folder on the filesystem. The folder contains a handful of files, and the agent can read 
them. Below is a real-world example: an expense-report skill that processes employee receipts and 
submits an expense report to the ERP system.

expense-report/ The skill root directory. The agent scans this directory 
name at startup.

SKILL.md

scripts/

refs/

LEVEL 1 + LEVEL 2: YAML header (always loaded, ~35 
tokens) and full workflow instructions (loaded on trigger). 
This is the brain of the skill.

LEVEL 3: Executable scripts. Loaded only when Level 2
instructions explicitly call for them.

extract_receipts.py

validate_expenses.py

submit_to_erp.py

Parses uploaded PDF receipts. Extracts line items: date, 
vendor, amount, category.

Checks extracted items against company policy 
(per-diem limits, approved categories).

Posts the verified expense report to the ERP system via 
the ERP-connector MCP server.

LEVEL 3: Reference documents injected as context only 
when needed by workflow steps.

expense_policy.md Company expense policy — injected only during the 
validation step.

erp_field_mapping.json Maps receipt fields to ERP submission schema. Loaded 
only at submission step.

assets/ LEVEL 3: Templates and static files used to format 
outputs.

report_template.xlsx Excel report template pre-populated with company 
branding and formula columns.

Figure 1: Anatomy of an Expense-Report Skill Package

05
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2.3.1 Inside a Skill.md: The YAML Header and the Workflow Instructions

Every Skill.md file has two clearly separated parts: a short YAML header at the top and a longer 
Markdown body below. The agent always reads the YAML header - it is the skill's identity in the router's 
directory. It reads the body only when it decides this skill is the right one for the current task. The 
annotated example below shows both parts of the expense-report skill.

LEVEL 1 - YAML Header: Always Pre-Loaded into Agent Context (~35 tokens total)

LEVEL 2 - SKILL.md Body: Injected Only When Skill is Triggered (~400–800 tokens)

name: expense-report

# Expense Report Skill

## When to use this skill

## Authorized tools for this skill

## Out of scope — use separate skills for these

Output: structured JSON {date, vendor, amount, category}.

Flag policy violations. Ask user to confirm or remove flagged items

- code_execution (for running Python scripts)
- file_read, file_write (for receipt files and report template)
- mcp:erp-connector (submit endpoint only, read is not Authorized)

- Travel booking, reimbursement tracking, payroll queries.

On success: return confirmation number to user.
On failure: report error, do NOT retry — ask user first.

## Step-by-step workflow

Activate when the user has uploaded receipts, described 
expenses,or asked to prepare or submit an expense report.

1. EXTRACT: Run scripts/extract_receipts.py on all uploaded 
     files

2. VALIDATE: Run scripts/validate_expenses.py vs refs/expense_policy.
    md.

3. FORMAT: Populate assets/report_template.xlsx with validated items.
4. SUBMIT: Run scripts/submit_to_erp.py via mcp:erp-connector.

---

---

description:
Use when the user needs to process, validate, or submit an expense
report from uploaded receipts, scanned documents, or described expenses.
Handles extraction, policy checking, formatting, and ERP submission.

06
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Level 3 - Resources That Stay on Disk Until Needed

Everything in the scripts/, refs/, and assets/ subdirectories never enters the agent's context window 
unless Level 2 instructions explicitly invoke them. This is why the progressive-disclosure architecture is 
so effective at scale: a library of 200 skills, each with megabytes of reference documentation and 
dozens of scripts, adds zero context cost until a specific skill is triggered and a specific resource is 
needed. The agent only ever pays for what it uses, at the moment it uses it.

Skills and MCP are Orthogonal , not complementary. MCP standardises how agents connect to external 
systems via a JSON-RPC 2.0 protocol, with three primitives: tools (model-invoked functions), resources 
(application-controlled data), and prompts (user-invoked templates). 

Skills provide procedural intelligence, the what to do and how. MCP provides connectivity, the how to 
access external systems. In practice, skills guide which MCP servers to use, how to interpret outputs, 
and how to handle failures.

2.4 The Agentic Stack: Skills and MCP

Level 1: Metadata

YAML frontmatter only Full SKILL.md body Scripts, docs, templates

~30–50 tokens per skill 200–2,000 tokens per trigger Unbounded — loaded 
piecemeal

Always in context at 
startup

Loaded on semantic match Loaded only when called by L2

name: + description: fields Workflow steps, tool grants, 
scope

Python files, JSON, Excel, PDFs

Enables: the skill router Enables: workflow execution Enables: tool and data 
operations

Level 2: Instructions Level 3: Resources

Dimension

Primary role Procedural knowledge and 
workflow logic

Tool connectivity and data 
access

Unit Directory with SKILL.md and 
assets

Server with JSON-RPC 
endpoints

Loaded by Agent on semantic trigger 
match

Client on configuration

Modifies Context window and execution 
permissions

Available tools and data sources

Persistence Filesystem-based, versionable Session-based connection

Governance body Open standard (agentskills.io) Linux Foundation Agentic AI 
Foundation

Agent Skills Model Context Protocol 
(MCP)
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The mechanics of skill execution are best understood through a concrete example. The following 
walk-through traces a single request, from input to ERP submission, highlighting what the agent sees 
and loads at each stage.

2.5 A Skill in Practice: From User Request to Delivered Output

User Request Arrives

Skill Triggered - Level 2 Injected

User interface: "Process my Q4 expense receipts and submit the expense 
report."

User interface: (The match is invisible to the user. They see: "Processing your 
receipts....)

Extract - Level 3 Script Loaded

User / interface: (User sees: "Extracting items from 6 uploaded receipts...")

Agent context: Level 2 Step 1 fires. scripts/extract_receipts.py is loaded from 
disk and executed. Output: structured JSON list of {date, vendor, amount, 
category} objects stored in trajectory memory.

Agent context: Agent context contains only Level 1 metadata for all skills in 
the library. The router scans descriptions. No workflow logic has been 
injected yet.

Agent context: The 'expense-report' description matches semantically. The 
full SKILL.md body is injected as a meta-message visible to the model but 
not the user. Tools code_execution, file_read, file_write, mcp:erp-connector 
are now active.

At this point the agent is like a new hire who has read the org chart but has not 
yet been handed any procedure manual. It knows what skills exist but not how 
to execute any of them.

The agent's context window has grown. It now knows the four-step workflow, 
which scripts to run, what the Authorized tools are, and what to do if 
something goes wrong.

The Python file only entered the context at this moment, not before. Once 
extraction completes, it does not need to remain in context. The agent moves 
on to Step 2.

01

02

03
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Validate - Level 3 Reference Loaded

Format, Submit and Return

User / interface: "Confirmed, proceed with the remaining items."

Agent context: Level 2 Steps 3–4: report_template.xlsx is populated, 
submit_to_erp.py calls the MCP connector. On success the ERP 
confirmation number is returned to the user. Telemetry (token count, tool 
calls, latency) is logged to the skill registry.

The entire workflow - extraction, policy validation, formatting, and ERP 
submission, executed without any manual orchestration code. The skill's 
Level 2 instructions were the complete execution plan.

This illustrates the value of progressive disclosure: only the data, scripts, and context required at each 
step are loaded. The agent never carries unnecessary information, ensuring efficient execution and 
minimal token usage.

05

04
User / interface: (User sees: "Found 2 items over policy limits. Please confirm 
removal or override.")

Agent context: Level 2 Step 2 fires. refs/expense_policy.md is loaded from 
disk for this step only. validate_expenses.py runs, flags two items. The 
agent surfaces them for human confirmation - a designed checkpoint, 
not an error.

This is where the human-in-the-loop architecture shows its value. The policy 
doc was loaded only for this single validation step and is then released.
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3.1 Level 1: Skill Metadata 
          (Always Active)

3.2 Level 2: Skill Instructions 
          (Triggered Load)

3.3 Level 3: Resources 
        (Dynamic Loading)

3.4 The Skill Router 

04

3 
ARCHITECTURAL BLUEPRINT: PROGRESSIVE 
DISCLOSURE
The core architectural innovation of the Skills paradigm is progressive disclosure—a three-level loading 
strategy that enables deep procedural capability without proportional context overhead. This model is 
foundational for building production-grade skill systems.

Each skill’s YAML metadata (name and description) 
is pre-loaded at startup and used for routing. Typical 
cost is 20–50 tokens per skill, enabling large libraries 
with minimal overhead.
The description is critical—it must be precise enough 
to avoid false positives, yet broad enough to capture 
all relevant use cases. Poorly defined descriptions are 
the leading cause of routing errors. 

When a request matches a skill, the full 
SKILL.md instructions are injected into context 
as a meta-message. At the same time, the 
skill’s approved tools are activated. 

This layer defines the workflow: steps, decision 
logic, error handling, and output formats, and 
references any required Level 3 resources.

Scripts, documents, templates, and data are loaded 
only when explicitly invoked. This layer has effectively 
unlimited depth while adding zero context cost until 
used. 
It includes executable assets like Python scripts, SQL 
queries, and API calls, used during workflow execution. 

The router maps user intent to the appropriate 
skill. Most systems use semantic matching over 
Level 1 metadata. 

As libraries scale, this approach degrades due to 
overlap and context saturation. Production 
systems address this through:

Hierarchical skill organization  

Deduplicated descriptions  

Retrieval-based discovery for large libraries 

L1: Metadata (Always Loaded) L2: Instructions (On Trigger) L3: Resources (On Demand) 

10
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3.5 Skill Execution Lifecycle 

4.1 Human-Authored Skills - The Enterprise Baseline

How an enterprise builds and evolves its skill library is a strategic decision, directly impacting capability, 
maintainability, and security. Research identifies five acquisition approaches, each suited to different 
maturity levels.

Human authoring is the most practical starting point. Skills can be created as structured Markdown 
workflows, with tools like Claude Code accelerating development by scaffolding SKILL.md, scripts, and 
directories from natural-language input.

Enterprise deployments (Atlassian, Canva, Sentry) show that production-grade skills can be built and 
deployed within days. Unlike prompts, skills are versionable, auditable, and reusable across the enterprise.

4 
SKILL ACQUISITION STRATEGIES

Intent Recognition
Match user request to 
skill metadata. 

Context Injection
Load instructions and 
activate tools. 

Workflow Execution

Execute steps and invoke 
resources.

State Management

Maintain intermediate 
results across steps.

Output and Telemetry 

Deliver results and 
log execution metrics. 

1

2

3

4

5

Institutional Knowledge Preservation

Skills encode organizational processes in an executable, testable form—preserving knowledge beyond individuals and 
enabling standardized, centrally governed workflows.

11
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The SAGE framework (Wang et al. (2025), ) enables agents to learn reusable skills across task sequences 
rather than isolated tasks. It combines task success with incentives for skill reuse.

SEAgent (Sun et al., 2025) focuses on generating skills for new software environments through iterative 
exploration and task progression. It improves success rates from 11.3% to 34.5% on OSWorld benchmarks. 

For enterprises, this points to automated skill creation from usage patterns. However, limitations remain
—skills are not yet portable (e.g., SKILL.md) and require validation before deployment. 

On AppWorld, SAGE improves performance by 8.9 points while reducing interaction steps by 26% and 
token usage by 59%. This directly translates to lower operational cost in production systems.

4.2 Reinforcement Learning with Skill Libraries (SAGE)

4.3 Autonomous Skill Discovery (SEAgent) 

Agentic Proposing (Jiao et al., 2026) shows that skills can be dynamically combined to solve complex 
problems. A 30B parameter system achieved 91.6% on the AIME 2025 benchmark.  

Research from Li (2026) shows that multi-agent systems can often be compiled into single-agent skill 
libraries, reducing latency and token usage while maintaining accuracy. 

However, this introduces a scaling constraint: beyond a certain library size, skill selection accuracy 
declines. Governance and structure must therefore be designed from the outset. 

This enables enterprises to build complex workflows by composing simpler, well-tested skills—reducing 
system complexity while increasing capability.

4.4 Compositional Skill Synthesis

4.5 Skill Compilation: Consolidating Multi-Agent Systems 

12
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Pillar 1 - Skill Design Standards 

Pillar 2 - Library Governance 

This framework translates the architectural principles and strategies discussed earlier into a practical 
model for enterprise deployment. It is structured across five pillars that define how production-grade 
skill systems should be designed, governed, and scaled. 

Atomic Skill Principle: Design skills around a 
single, well-defined workflow. Atomic skills are 
easier to test, reuse, and scale. Avoid “mega-skills”
that replicate the complexity and fragility of large 
system prompts. 

Description Engineering: The description defines 
routing accuracy. Write it as precise trigger 
conditions (“Use when…”), include boundaries, and 
validate against a routing benchmark to avoid 
overlap. 

Dependency Declaration: Explicitly define all 
dependencies—MCP servers, tools, permissions, 
and network access. Missing declarations are a 
leading cause of production failures and security 
risks. 

Version Control as Infrastructure: Treat skills like 
code: maintain them in version-controlled 
repositories with semantic versioning, code 
reviews, testing pipelines, and structured 
promotion across environments.

Unmanaged skill libraries degrade quickly. Governance ensures consistency, reliability, and scale. 

Ownership Model: Assign clear ownership for 
every skill. Orphaned skills represent high 
operational and security risk.

Deprecation Management: Define lifecycle policies. 
Outdated skills must be updated or retired to prevent 
routing errors and exposure from stale permissions. 

Skill Registry: Maintain a central registry capturing 
metadata such as name, owner, version, 
dependencies, trust tier, environments, and 
performance metrics. This is the system of record.

5 
THE ENTERPRISE SKILL ARCHITECTURE 
FRAMEWORK

Skill Design Library Governance Runtime Operations Security Model Observability
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Context Window Management: Limit Level 1 metadata to ~10% of the context window. Use telemetry to 
prune unused skills and adopt hierarchical routing for more than ~100 skills.

Failure Recovery: Skills must define fallback paths for tool failures, timeouts, and unexpected outputs. 
Without this, failures become silent and hard to diagnose.

Human-in-the-Loop Controls: For high-impact actions (e.g., financial transactions, external 
communication), enforce explicit user validation. This is a designed safeguard, not a limitation. 

The implication is clear: Do not rely on implicit trust. Instead, implement a structured trust model with 
verification, permission control, and continuous monitoring (detailed in Section 6).

Skill ecosystems introduce new attack surfaces and require structured controls. 

Observability is essential for operating skill systems at scale. Core capabilities include: Logging of skill 
triggers and executions, Latency and token consumption tracking, Error monitoring with root-cause 
analysis, and Detection of anomalous permission usage.

Industry data shows observability is already standard—89% of Organizations with production agents 
have implemented it—making it a baseline requirement, not a differentiator.

26.1% of community skills contain vulnerabilities

Trigger precision and recall

Task completion rate per skill

Average token cost per execution

Permission boundary violations

Common risks include prompt injection, data exfiltration, privilege escalation, and supply chain 
attacks

Skills with executable scripts are 2.12× more likely to be vulnerable

Research shows:

Key metrics to track:

Observability

Pillar 3 - Runtime Operations 

Pillar 4 - Security Model 

Pillar 5 - Observability

14
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Security evidence makes one point clear: implicit trust is not viable at scale. Treating loaded skills as 
inherently trustworthy exposes enterprises to significant risk.

Automated scanning for known vulnerability patterns and 
dependency risks. Detects common threats such as credential 
harvesting and data exfiltration signatures. Applied to all skills by 
default.

The Skill Trust and Lifecycle Governance Framework introduces a structured model that links skill 
provenance -> verification -> controlled deployment permissions.

Every skill must pass four sequential verification gates before production deployment:

6 
THE SKILL TRUST AND LIFECYCLE GOVERNANCE 
FRAMEWORK

6.1 Four Verification Gates

Static Analysis

LLM-based intent validation that compares a skill’s declared purpose 
with its actual instructions. Identifies hidden or misleading logic—
especially indirect prompt injection.

Semantic Classification

Execution in an isolated environment with full monitoring. Detects 
runtime risks such as unAuthorized network calls, unexpected file 
access, or undeclared tool usage. Mandatory for skills with 
executable scripts.

Behavioral Sandbox

Validates alignment between declared permissions and observed 
behavior in sandbox testing. Skills exceeding or misrepresenting their 
permissions are rejected or remediated.

Permission Manifest Validation

15
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Based on verification outcomes and provenance, skills are assigned to one of four trust tiers that define 
their deployment permissions. This model enforces least privilege—granting only the access required for 
validated functionality.

6.2 Four Trust Tiers

6.3 Lifecycle Trust Evolution

Tier Source Permission Gates Required

T1: Unvetted

T2: Community-
Reviewed

T3: Org-Vetted

T4: Vendor-
Certified

Partner / reviewed G1 + G2 + G3 + G4 + 
vendor review

Internal authoring Declared tools only. Scoped 
file access. No external 
network.

Full tool access. Code 
execution. Network I/O within 
declared scope.

G1 + G2 + G3 + admin 
approval

Community + audit G1 + G2 + community 
audit

Read-only tools. No code 
execution. User confirmation 
required.

Community / Unknown G1 (auto-triage)Instructions only. No tool 
access. Full isolation.

T1 and T2 skills must never have script-execution permissions. Skills with executable code are 2.12× 
more likely to contain vulnerabilities, so execution is restricted to T3/T4 tiers only—after mandatory 
behavioral sandbox validation (G3). No exceptions.

The framework uses a dynamic trust model; skills are not fixed to a tier but evolve based on runtime 
behavior. Skills operating within declared permissions over time can be promoted, while anomalous 
behavior (e.g., unexpected tool usage) triggers automatic demotion and review.

This creates a reputation-based system: consistent, compliant skills build trust; boundary violations lead 
to an immediate reduction in privilege.

This closed loop ensures governance is driven by observed behavior, not assumed intent.

Author -> Verification (G1–G4, as applicable) ->Tiered deployment -> Continuous monitoring ->
 Promotion (clean history) / Demotion or revocation (anomalies)

Critical Policy Point

Lifecycle flow:

16
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7 
ANTI-PATTERNS AND FAILURE MODES

The following are the most common and costly failure modes in enterprise skill deployments, along with 
their root causes and corrective actions.

The Monolithic Skill Trap

A single “mega-skill” attempts to cover an entire 
domain (e.g., finance operations).

Fix: Break into atomic, workflow-level skills. If 
scope requires “and/or,” it’s too broad.

Root cause: Speed and convenience during initial 
development.

The Description Ambiguity Failure

Overlapping skill descriptions lead to incorrect 
routing.

Fix: Use a routing benchmark and include negative 
examples for clarity.

Root cause: Descriptions written in isolation 
without overlap testing.

The Missing Failure Path

Skills handle only ideal scenarios and fail 
unpredictably in real conditions.

Fix: Mandate explicit fallback logic for tool failures, 
timeouts, and unexpected outputs.

Root cause: Focus on capability over production 
robustness.

The Undeclared Dependency Problem

Skills work in development but fail in production 
due to missing tools or MCP servers.

Fix: Enforce mandatory dependency manifests and 
validate via G4 against observed behavior.

Root cause: Implicit dependencies in dev 
environments.

The Ungoverned Community Import

Unvetted community skills are deployed directly 
into production.

Fix: Enforce trust tiers strictly—community skills 
capped at T2, no script execution, and must pass 
G1 and G2.

Root cause: Ease of adoption and misplaced trust 
in well-packaged skills.

The Phase-Transition Scaling Cliff

Performance drops sharply as skill libraries scale 
(typically beyond 100 skills).

Fix: Introduce hierarchical routing early 
(before ~50 skills) and adopt retrieval-based 
discovery beyond 100

Root cause: Semantic overlap and context 
saturation at scale.

17

©Happiest Minds 2026

Building Skills-Extended Agent Systems



8 
ENTERPRISE READINESS CHECKLIST

Use this checklist to assess readiness for production-scale skill deployment.

1. Agent runtime 
selection

Have you selected a 
framework aligned to 
your production SLAs 
(e.g., LangGraph, 
Microsoft Agent 
Framework, 
PydanticAI)?

2. MCP server 
inventory

Have you mapped 
required enterprise 
systems and identified 
corresponding MCP s
ervers or built 
adapters where 
needed?

3. Workflow 
prioritisation

Have you identified 
3–5 high-ROI 
workflows for 
initial deployment 
(high volume, clear 
outcomes, low risk)?

Strategic Readiness

Architectural Readiness

4. Skill repository 
and CI/CD

Is your skill repository 
set up with versioning,
testing, and 
promotion pipelines 
(dev -> staging ->
production)?

5. Skill registry

Do you maintain a 
central registry with 
metadata, ownership, 
and lifecycle status 
for all skills?

6. Routing 
benchmark

7. Observability 
stack

Do you have a 
validated benchmark 
to test and refine 
skill descriptions and 
routing accuracy?

Is observability in 
place—covering 
triggers, completion 
rates, token usage, 
latency, and anomaly 
detection?

18

©Happiest Minds 2026

Building Skills-Extended Agent Systems



9
THE COMPOUNDING ADVANTAGE

The shift from monolithic intelligence to modular expertise is already underway. Agent Skills, MCP, and 
advanced tool use together define a new agentic stack, rapidly adopted and backed by a maturing 
research ecosystem.

The standards are defined. The tooling is ready. The governance models are proven. The next step is 
execution: prioritize your highest-impact workflows, implement governance from the outset, and 
build the skill foundation that will shape your AI capabilities for the next decade.

The implication is clear: skills infrastructure is becoming table stakes for competitive AI, much like 
microservices and API-first architectures did for software.

Organizations that invest early in skill engineering will compound their advantage as the ecosystem 
evolves. Those that delay will accumulate technical debt from brittle prompt chains and fragmented tool 
integrations, debt that becomes harder to unwind at scale.

start with high-value workflows, validate through controlled pilots, scale with governance built in from 
day one, and evolve toward a self-improving skill ecosystem that captures institutional knowledge.

The path forward is practical:

8. Trust tier policy

Is the trust model 
clearly defined and 
understood across 
teams (including 
G1–G4 
requirements)?

9. Automated 
security gates

Are G1 and G2 
integrated into CI/CD 
to block 
non-compliant skills?

10. Dependency 
manifest 
enforcement

Are dependencies 
mandatory and 
monitored for 
runtime deviations 
from declared 
manifests?

Governance and Security Readiness

The Open Challenges Are Solvable

Key challenges like portability, skill selection at scale, orchestration, permission models, verification, continual learning, 
and evaluation are active engineering problems with clear solution paths.

Early adopters will be best positioned to operationalize these advances as they move from research to production.

The Architecture Decision Is Now

19

©Happiest Minds 2026

Building Skills-Extended Agent Systems



References
Research Papers

Standards and Official Publications

Industry Reports

1. Xu, R., & Yan, Y. (2026). Agent Skills for Large Language Models: Architecture, Acquisition, Security, and the Path Forward. 
     arXiv:2602.12430v3 [cs.MA].

2. Wang, J., et al. (2025). Reinforcement Learning for Self-Improving Agent with Skill Library (SAGE). arXiv:2512.17102.

3. Sun, Z., et al. (2025). SEAgent: Self-Evolving Computer Use Agent with Autonomous Learning from Experience. 
     arXiv:2508.04700.
4. Chen, T., et al. (2026). CUA-Skill: Develop Skills for Computer Using Agent. arXiv:2601.21123.

5. Jiao, Z., et al. (2026). Agentic Proposing: Enhancing LLM Reasoning via Compositional Skill Synthesis. arXiv:2602.03279.

6. Li, X. (2026). When Single-Agent with Skills Replace Multi-Agent Systems and When They Fail. arXiv:2601.04748.

7. Schmotz, D., Abdelnabi, S., & Andriushchenko, M. (2025). Agent Skills Enable a New Class of Prompt Injections. 
     arXiv:2510.26328.
8. Liu, Y., et al. (2026a). Agent Skills in the Wild: An Empirical Study of Security Vulnerabilities at Scale. arXiv:2601.10338.

9. Liu, Y., et al. (2026b). Malicious Agent Skills in the Wild: A Large-Scale Security Empirical Study. arXiv:2602.06547.

10. Bandlamudi, J., et al. (2024). Framework to Enable and Test Conversational Assistant for APIs and RPAs. AI Magazine, 
       45(4), 443-456. https://doi.org/10.1002/aaai.12198.

11. Hong, J., Tu, N., & Hong, J. (2025). A Comprehensive Survey on LLM-Based Network Management and Operations. Int. J. 
       Network Management, 35(6). https://doi.org/10.1002/nem.70029.

12. Shen, Y., Wang, C., & Ke, J. (2025). AutoPathML: Automated ML for Histology Images via LLM and Multi-Agent. AI for 
       Engineering, 1(1), 32-43. https://doi.org/10.1049/aie2.12005.

13. Anthropic. (2025, October). Introducing Agent Skills. https://www.anthropic.com/news/skills.

14. Anthropic. (2025, December). Agent Skills Open Standard. https://agentskills.io.

15. Anthropic. (2024, November). Introducing the Model Context Protocol. https://www.anthropic.com/news/model-context-
       protocol.

16. Model Context Protocol. (2025). MCP Specification 2025-11-25. https://modelcontextprotocol.io/specification/2025-
      11-25.
17. Anthropic. (2025, November). Introducing Advanced Tool Use. https://www.anthropic.com/engineering/advanced-tool-use.

18. Zhang, B., Lazuka, K., & Murag, M. (2025). Equipping Agents for the Real World with Agent Skills. Anthropic Engineering 
       Blog.

19. LangChain. (2025). State of Agent Engineering. https://www.langchain.com/state-of-agent-engineering.

20. MarketsandMarkets. (2025). Agentic AI Market — Global Forecast to 2030.

21. Gartner. (2026). 2026 CIO Agenda: Agentic AI Deployment Intentions Survey.

20

©Happiest Minds 2026

Building Skills-Extended Agent Systems



ABOUT HAPPIEST MINDS TECHNOLOGIES
Happiest Minds Technologies Limited (BSE, NSE: HAPPSTMNDS) is an AI First, customer-centric 
digitalengineering company committed to delivering ‘Happiest People . Happiest Customers’. With 
anintegrated approach that spans from chip to cloud, Happiest Minds delivers secure and scalable 
solutions across product engineering, cybersecurity, analytics , and automation platforms. Happiest Minds 
brings pu rpose and precision to every engagement, helping enterprises solve complex business challenges 
and fast-track their digital evolution across industry sectors such as Banking, Financial Services & 
Insurance (BFSI), EdTech, Healthcare & Life Sciences, Hi-Tech and Media & Entertainment, Industrial, 
Manufacturing,

Happiest Minds has been honored by both the Golden Peacock Awards and the Institute of 
CompanySecretaries of India (ICSI) for its exemplary Corporate Governance practices. Guided by its mission 
of ‘Happiest People . Happiest Customers’ and consistently recognized as a great place to work, Happiest
Minds is headquartered in Bengaluru, India, with a global presence across the Americas, UK, Europe, 
Australia, the Middle East, Africa, and Asia.

www.happiestminds.com

For more details, write to us at Business@happiestminds.com

Vikas Shivakumar is an AI Architect at Generative AI Business Services 
with nearly a decade of polyglot engineering experience and a strong 
track record of building scalable, AI-first systems. A certified Claude 
Architect and enterprise technologist, he operates at the intersection of 
Generative AI, cloud-native architecture, and high-impact delivery 
execution.

Known for combining architectural depth with execution discipline, he 
specializes in transforming strategic AI vision into scalable frameworks, 
reusable capabilities, and operational standards that engineering teams 
can adopt effectively. Vikas is actively contributing to the evolution of 
AI-native engineering organizations by building the foundations that 
enable long-term innovation and enterprise-scale AI adoption.

His expertise spans the design of AI-first Centers of Excellence, reusable 
enterprise AI platforms, and rapid-response engineering functions that 
elevate organizational delivery standards. With deep hands-on experience 
in multi-agent systems, Retrieval-Augmented Generation (RAG) 
architectures, and cloud ecosystems including Azure, AWS, and GCP, Vikas 
has successfully delivered production-grade AI solutions across industries 
such as EdTech, Healthcare, FMCG, and Energy.


