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EXECUTIVE SUMMARY

A new engineering discipline has emerged in 2025-2026 that may matter more to Al system performance than the models
themselves: harness engineering. Defined as the design of constraints, feedback loops, context management, and lifecycle
infrastructure that wrap around foundation models, the harness has been shown to produce up to a 6x performance gap on
identical benchmarks—without changing a single model weight.

This updated report adds four illustrative diagrams covering: the anatomy of a harness, the GAN-inspired Generator-Evaluator
feedback loop, the five-phase Al lifecycle, and a month-by-month implementation roadmap with success criteria. Experiments
from Anthropic, Stanford/MIT, OpenAl, LangChain, and Meta are synthesized into actionable guidance.
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1. WHAT IS A HARNESS?

In the context of Al systems, a harness is the complete execution environment that wraps around a foundation model. It
is not the model itself, nor is it the agent's reasoning capability. The harness is everything else: the tools the agent can
access, the context it receives, the guardrails that constrain its behavior, the feedback mechanisms that help it self-
correct, and the lifecycle infrastructure that keeps it running across long or multi-session tasks.

“If the model is the engine, the harness is the car. The best engine is useless without steering and
brakes." — Aakash Gupta, Medium (2026)

A helpful computer science analogy, used across multiple 2026 research articles, describes the relationship this way: the
model is the CPU, the context window is RAM, the harness is the operating system, and the agent is the application. You
would not run software directly on a CPU without an operating system to manage memory, schedule processes, and
handle I/0. Similarly, you cannot deploy an Al agent without a harness to manage context, coordinate tools, and handle
failures.

ANATOMY OF AN Al HARNESS

The harness is everything around the model — it channels raw intelligence into reliable production behavior
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Figure 1: Anatomy of an Al Harness — six functional components wrap around the foundation model, channeling raw intelligence
into reliable, production-grade behavior.

1.1 COMPONENTS OF A HARNESS
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Based on the converging literature from Anthropic, OpenAl, and the broader practitioner community in 2025-2026, a
complete harness typically contains six functional components:

Context Management: Determines what information the agent sees at each step. Includes document retrieval, session
bridging, compaction, and dynamic context loading. Widely regarded as the most impactful single component of harness
design.

Tool Orchestration: Defines which tools the agent can call, when, and under what permissions. Includes file system
access, browser automation (e.g., Playwright), APl connections, and MCP server integrations.

Architectural Constraints: Enforces module boundaries, naming conventions, schema rules, and domain-specific policies
through machine-readable artifacts such as AGENTS.md, CLAUDE.md, and linting configurations.

Feedback Loops: Creates closed-loop systems where agent outputs are evaluated against defined criteria, with failures
fed back to the agent for correction. The GAN-inspired Generator-Evaluator pattern (Anthropic, 2026) is the current
state of the art.

Lifecycle Hooks: Manages initialization, session handoffs, state persistence, failure recovery, retry logic, and logging
across multi-session or multi-agent workflows.

Human Approval Gates: Defines checkpoints where human oversight is required before the agent may proceed,
particularly for irreversible actions. Balances autonomy with safety.

2. AGREED-UPON DEFINITION OF HARNESS ENGINEERING

The term harness engineering was popularized in early 2026, but its conceptual roots trace to practitioner observations
made in late 2024 and throughout 2025. The definition has converged across multiple independent sources into a
consistent formulation:

Harness engineering is the discipline of designing the systems, constraints, and feedback loops that
wrap around Al agents to make them reliable in production. It encompasses the tools an agent can
access, the guardrails that keep it safe, the feedback mechanisms that help it self-correct, and the
observability layer that lets humans monitor its behavior. — NxCode, March 2026

2.1 ETYMOLOGY AND EMERGENCE

The term was crystallized by Mitchell Hashimoto (co-creator of Terraform and HashiCorp) in a February 2026 blog post.
Hashimoto described a habit he had developed while working with Al coding agents: every time an agent made a
mistake, rather than just correcting the output, he engineered a permanent fix into the agent's environment. He called
this practice "engineering the harness."

Within weeks, Anthropic and OpenAl published engineering articles expanding on the concept. By March 2026, Martin
Fowler had published a formal treatment, and a Stanford/MIT academic paper had codified it under the name Meta-
Harness (Lee et al., 2026).

2.2 THE THREE PHASES OF LLM ENGINEERING PRACTICE

Prompt Engineering (2022—-2024): Focused on crafting the perfect single instruction to elicit desired model behavior.
Optimizes the message, not the environment.

Context Engineering (2025): Championed by figures including Andrej Karpathy, this phase recognized that models need
dynamically constructed context windows to make informed decisions.
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Harness Engineering (2026): Operates at a higher level of abstraction. Defines the agent's full workflow, constraints,
feedback loops, toolchain, and lifecycle. The system that allows an agent to work continuously, reliably, and at a
consistent standard of quality.

"Changing the harness around a fixed LLM can produce a 6x performance gap on the same
benchmark." — Lee et al., Meta-Harness (2026)

3. Al SYSTEM LIFECYCLE & HARNESS OPTIMIZATION PHASES

Harness optimization is not a one-time activity. It is a continuous practice that maps onto the lifecycle of an Al system in
deployment. Three foundational elements must be in place before meaningful harness engineering can begin: a working
base model and task boundary, observable failure modes with instrumentation, and defined evaluation criteria that
measure success in a machine-readable form.

GAN-INSPIRED GENERATOR-EVALUATOR HARNESS

Anthropic's breakthrough: separate generation from critique to drive iterative quality improvements
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[ Key insight: Models are pathological self-evaluators. Engineering conflict between Generator and Evaluator engineers progress. ]

Figure 2: GAN-Inspired Generator-Evaluator Harness — Anthropic's three-agent architecture (Planner, Generator, Evaluator) drives
quality through adversarial feedback. Creative leaps emerged at iteration 10 in the Dutch museum experiment.

3.1 LIFECYCLE PHASE TABLE

The following table maps the five stages of an Al system's operational lifecycle to the corresponding harness
optimization actions appropriate at each stage, along with the prerequisites that must be satisfied before proceeding.

Harness Engineering Report 4



HARNESS ENGINEERING FOR Al

AGENTS —

RESEARCH REVIEW & ROADMAP 2026

PREREQUISITES

HARNESS OPTIMIZATION
ACTIONS

Phase 1 Foundation Working model + clear task Minimal harness: AGENTS.md /
boundary + at least one CLAUDE.md + basic tool set +
observable failure mode simple pre-commit linters.

Establish baseline metrics.

Phase 2 Scaffolding Repeatable failure patterns Add context management
identified; evaluation criteria (compaction, session bridging),
defined; context limits being hit decompose tasks into feature

lists, introduce human-approval
checkpoints.

Phase 3 Feedback Loops Baseline harness stable; agent Introduce Generator-Evaluator
producing outputs; self- split (GAN-inspired); add sprint
evaluation quality is poor contracts; integrate live testing

(e.g., Playwright MCP).

Phase 4 Optimization Multi-session coherence Automated harness search
achieved; clear metrics for (Meta-Harness pattern); multi-
success/failure; harness code run causal analysis; cost routing
reviewable (simple tasks to cheap models);

entropy monitoring.

Phase 5 Evolution Models improve; prior harness Simplify harness where models

assumptions become stale;
performance ceiling reached

absorb capability; update
contracts; refactor agents; re-run
optimization cycle.

Al SYSTEM LIFECYCLE — HARNESS OPTIMIZATION PHASES

Each phase unlocks the next — optimize when prerequisites are met, not before

Harness evolves as models improve — cycle restarts after each major model upgrade

- ® ® ® ® ® - ime
Prerequisites: Prerequisites: Prerequisites: Prerequisites: Prerequisites:

[ Working base model
0 Clear task boundary
[ One observable failure

Actions:
AGENTS.md setup
Basic tool set
Establish baseline metrics

] Repeatable failures seen

[ Eval criteria defined
0 Context limits hit

Actions:
Context compaction
Feature list decompasition
Human approval gates

(1 Baseline harness stable
[0 Outputs being produced
O Self-eval quality poor

Generator-Evaluator split
Sprint contracts
Live app testing (Playwright)

| Multi-session coherent
[ Clear success metrics
O Harness code reviewable

Actions:
Auto harness search
Causal trace analysis
Cost routing, entropy mgmt

1 Model upgraded
[0 Hamess assumptions stale
O Perf ceiling reached

Simplify scaffolding
Update contracts
Re-run optimization cycle

76%

50%

— EXPECTED PERFORMANCE CURVE —

5 pegsivie

simplify

Stanford Meta-Harness (2026): up to 6x performance gap from harness alone on identical benchmarks, without changing model weights

Figure 3: Al System Lifecycle — five phases from Foundation to Evolution, with the expected performance curve showing incremental
gains and the evolution loop triggered by model upgrades.
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3.2 THE HARNESS EVOLVES WITH THE MODEL

A critical insight from Anthropic's 2026 engineering work is that harness design is not static. As foundation models
improve, harnesses must evolve. Features that required explicit harness scaffolding in a less capable model may be
handled natively by a more capable successor. Anthropic showed that after upgrading from Sonnet 4.5 to Opus 4.5, the
optimal harness structure simplified: fewer explicit orchestration steps were needed because the model absorbed more
orchestration responsibility natively. This creates the key principle: build rippable harnesses. Over-engineering a harness
that assumes specific model limitations locks in brittle complexity.

4. SUMMARY OF EXPERIMENTS AND KEY FINDINGS

The following table summarizes the major harness engineering experiments conducted in the past six months across
Anthropic, Stanford/MIT, Meta, OpenAl, and LangChain. Each row captures the research source, experiment type,
domain of application, quantitative or qualitative gains, and the specific harness innovations that drove the

improvement.

SOURCE /

DATE

EXPERIMENT

DOMAIN

KEY GAINS

HARNESS
INNOVATIONS

Vastly outperformed

Context bridging, feature

Anthropic Nov Coding / Web single-agent baseline; .
2-Agent Harness . . decomposition, context
2025 Apps coherent multi-session .
) resets between sessions
builds
2D game in 6 hrs at $200
vs. solo agent (20 min, Generator-Evaluator
Anthropic Apr 3-Agent Harness  Frontend + $9, broken core adversarial loop; sprint
2026 (GAN-inspired) Full-Stack features); creative contracts; Playwright live-

Stanford / MIT

Meta-Harness

Math / Coding

design leaps on iteration
10

76.4% on
TerminalBench-2 (beat
hand-tuned Terminus-

app testing

Agent reads full execution
history; causally debugs

(auto- KIRA); Haiku 4.5: 37.6% .
Mar 202 B ;
ar 2026 el enchmarks vs 27.5% Claude Code; its own harness Fode,
multi-run analysis
up to 6x performance
gap from harness alone
1M+ lines production Hierarchical context files;
OpenAl Early AGENTS.md + Production code, 0 human-written, scoped AGENTS.md;
2026 Codex Harness Software 1,500 merged PRs with linters as guardrails;

3-person team

52.8% to 66.5% on

declarative intent

Pure harness-layer

LangChain 2026 ::;rifgsn @ Coding Agent TerminalBench 2.0 (Top- changes: retrieval logic,
. . Benchmark 30 to Top-5); model memory management,
iterations)

4.1 NOTABLE FINDINGS

unchanged

Harness Engineering Report
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«  Models cannot reliably evaluate their own work. All experiments that attempted single-agent self-evaluation
found systematic over-leniency. The solution across every team was to separate generation from evaluation.

« Context management is the highest-leverage early intervention. Ensuring well-structured, persistent, session-
stable context produced substantial gains at low cost before any multi-agent architecture was introduced.

« Harness complexity should increase incrementally. Each increment in complexity was justified by observable
failure modes from the previous stage, not by anticipation.

« The harness is now a competitive moat. LangChain's jump from Top 30 to Top 5 on TerminalBench 2.0—without
any model change—demonstrated that harness quality is the primary differentiator between Al systems using
similar base models.

« Automated harness optimization is viable. Stanford's Meta-Harness paper demonstrated that a coding agent
given full access to its own execution history can discover harness improvements exceeding those from expert
human engineers.

The following roadmap translates the research findings into a concrete, phase-gated implementation plan. Each phase
has explicit entry prerequisites, prioritized actions grounded in experimental evidence, and measurable success criteria
that serve as the exit gate for progression. The guiding principle throughout is: do not skip phases. Complexity
introduced before readiness creates fragile harnesses that are harder to debug, iterate, and evolve than a well-
sequenced simpler harness.
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HARNESS ENGINEERING ROADMAP

Recommended actions for each phase — from zero to self-optimizing Al systems

MONTH 1-2

Foundation Setup

[] ESTABLISH OBSERVABILITY

« Deploy logging for every agent step (tool call, response, failure)

« Create AGENTS.md / CLAUDE.md with task boundary, naming, conventions
= Run 20-50 baseline tasks; capture failure taxonomy (type, frequency)

« Gate: "Can we name our top 3 failure modes?" — proceed to Phase 2

Evidence: Mitchell Hashimoto principle — fix the harness, not just the output

MONTH 2-4

Scaffolding & Context

[1 BUILD CONTEXT SCAFFOLDING

« Implement session bridging: progress.md artifact read at context start

« Add context compaction for long-running tasks (Anthropic pattern)

= Decompose large tasks into feature lists; mark each as PASSING/FAILING
= Add human-approval gates for irreversible actions (delete, deploy, send)

Anthropic Nov nt harness vastly outperformed baseline

MONTH 4-6
Feedback Loops

[ INTRODUCE ADVERSARIAL LOOP

« Separate Generator agent from Evaluator agent (GAN pattern)

« Write 3-5 explicit grading criteria for Evaluator (task-specific)

« Add sprint contracts: Generator + Evaluator agree on "done" before coding
« Integrate live-app testing (Playwright MCP for web; pytest for APIs)

*R 15 tion cycles; expect quality leap after iteration 7-10

Ev €. 026 creative leag

)s emerged at iteration 10

opic Apr 20, eative

MONTH 6-9
Auto-Optimization

[0 META-HARNESS OPTIMIZATION
« Store full execution traces (not summaries) in version-controlled repo

« Grant coding agent read access to history; let it propose harness changes
« Route simple tasks to cheaper models; complex to frontier (cost routing)
e SRy 395IS @ gejsetand refpetr A monchy

[1 SUCCESS CRITERIA

« Baseline task completion rate documented (e.g., 30-50%)
+ Top 3 failure modes identified and categorized

* AGENTS.md file committed and version-controlied

« Pre-commit linters/validators active in Cl pipeline

estimate: Low (~days of eng time)

[1 SUCCESS CRITERIA

« Agent completes multi-session tasks coherently (no context drift)
« Feature lists tracked with pass/fail state across sessions

« Task completion rate improves 15-25% from baseline

« Human approval gates prevent at least 1 costly error per week

estimate: Medium (-2 weeks eng time)

[1 SUCCESS CRITERIA
« Output quality scores improve across 5+ consecutive sprint cycles
« Bugs caught by Evaluator before human review increases = 50%
« Generator stops accepting its own mediocre outputs
« At least one “creative leap” observed (output beyond initial spec)
: aim for = 10 pp task-completion gai
; 4 q + eval

1-High (~3-4 weeks eng +

[1 SUCCESS CRITERIA

« Harness improvements proposed by agent exceed human-designed changes
« Infrastructure cost per task decreases 20-40% via model routing

+ No manual harness regression in 30-day window

Target: > 6x baseline performance from Phase 1

Key principle: Do not skip phases. Each phase's exit criteria are the entry requirements for the next. Complexity before readiness creates fragile harnesses.

Figure 4: Harness Engineering Roadmap — month-by-month implementation guide with actions (left) and success criteria (right) for

5.1 DETAILED ROADMAP TABLE

The table below provides a compact reference view of all five phases, including recommended actions, success criteria,

each phase. Target: 6x baseline performance by Phase 4 completion.

and effort estimates calibrated to an engineering team of 2—4 people.

PHASE /

TIMING

KEY ACTIONS

SUCCESS CRITERIA

EFFORT

Establish Deploy step-level logging; Top 3 failure modes
Phase 1 Observability create AGENTS.md; run 20-50 named; baseline task rate
Month 1-2 baseline tasks; build failure documented; AGENTS.md Low (~days)
taxonomy committed to source
control
Build Implement progress.md Multi-session coherence;
Phase 2 Context session bridging; add task completion +15-25%; Medium (~2
Month 2-4  Scaffolding compaction; decompose tasks  context drift eliminated; at weeks)

to feature lists (PASS/FAIL);
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PHASE /

TIMING KEY ACTIONS SUCCESS CRITERIA EFFORT

add human approval gates for  least 1 costly error

irreversible ops prevented per week
Introduce Split Generator and Evaluator  Quality scores improve
Adversarial agents; write 3-5 explicit over 5+ cycles; Evaluator
Phase 3 Loop grading criteria; add sprint catches 50%+ more bugs Medium-High
contracts; integrate pre-human review; at least (~3-4 weeks +
Month 4-6 . . . .
Playwright MCP or pytest for 1 creative leap observed calibration)
live-app testing; run 5-15
iteration cycles
Meta- Store full execution traces Agent-proposed harness
Harness (not summaries); grant coding  changes beat human-
Optimization agent read-only history designed ones; infra cost .
. High (~1-2
Phase 4 access; implement cost per task down 20-40%; no .
. L months + tooling
Month 6-9 routing (cheap model for manual regression in 30- .
. . invest)
simple tasks); schedule day window; target 6x
monthly entropy-refactor baseline gain
agents
Evolve with After each major model Harness complexity
Model upgrade: audit which harness  decreases as model
Phase 5 Upgrades scaffolding the model now improves; no regression Low per cycle
. handles natively; simplify; re- after simplification; cycle (reuse prior
Ongoing . -
run Phases 3-4 on updated time for optimization work)
baseline; build rippable shrinks with each iteration
interfaces

5.2 CROSS-CUTTING RECOMMENDATIONS

In addition to the phase-specific actions above, several recommendations apply throughout the entire roadmap:

Build rippable harnesses: Design each harness component with a clear interface so it can be removed or replaced when
models improve. Anthropic's simplification from a 3-agent to a leaner architecture after the Opus 4.5 upgrade is the
canonical example of healthy harness evolution.

Invest in observability before tooling: Every experienced team cited incomplete logging as their biggest early mistake.
Before adding any new agent or feedback loop, ensure you can trace every step, tool call, and output to a persistent log.
Raw execution traces—not summarized scores—are essential for causal debugging.

Version-control the harness: Treat AGENTS.md, CLAUDE.md, sprint contract templates, grading criteria, and system
prompts as first-class code artifacts. They should be in source control, reviewed, and diffed like any other production
code.

Define grading criteria before adding the Evaluator: The adversarial feedback loop only works if the Evaluator has
something concrete to grade against. Writing explicit rubrics—even imperfect ones—before implementing the
Generator-Evaluator split dramatically reduces calibration time.

Measure outcomes, not activity: Track task completion rate, bug escape rate, and human-override frequency. Do not
track token counts, tool call volume, or iteration counts as primary metrics. The harness is a means to an end; the end is
reliable, high-quality output.
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Resist the urge to scale before stabilizing: Every team studied—Manus, LangChain, OpenAl—reported that their first
instinct was to add more agents and more tools. The consistent finding was that simplification and constraint produced
larger gains than addition. Add capability only when a specific, observable failure mode demands it.

5.3 WHAT SUCCESS LOOKS LIKE AT MATURITY

A mature harness engineering practice at Phase 4 or 5 looks like the following: agents propose their own harness
improvements and those improvements are reviewed and merged by engineers. Infrastructure costs per task are
declining as model routing becomes more sophisticated. The engineering team's primary work has shifted from writing
code to writing specifications, grading criteria, and sprint contracts. Human intervention is rare, targeted, and logged.
When models improve, the harness simplifies rather than grows more complex.

The OpenAl experiment—one million lines of production code, zero written by humans, produced by a three-person
team over five months—is the clearest preview of what this maturity looks like. It is not a distant future. It is
reproducible today, in well-scoped domains, by teams willing to invest systematically in their harness.

6. OPEN QUESTIONS

« Does a single general-purpose coding agent outperform a multi-agent architecture with specialized agents
(testing, QA, code cleanup) over many context windows? Anthropic identified this as an open question in
November 2025.

» How do harness design patterns generalize from software development to scientific research, financial
modeling, or legal document processing?

» As automated harness optimization (Meta-Harness) matures, what governance frameworks are needed to audit
Al systems that continuously rewrite their own operational logic?

«  What is the long-run equilibrium between harness complexity and model capability? As models absorb more
orchestration responsibilities natively, will harnesses converge on minimal, stable structures?
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