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Steering the Distribution

Hallucination, Compliance and 

Prompting
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AI Systems in a nutshell
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The model is only a (small) part

User Interface / App

Context Management / Orchestration

Tool Integration

LLM (Foundation)

System

Model

The LLM provides the intelligence, the system provides the capability



Four-Act Structure
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Act I Experience Weeks 1–2

“The Wow and the Oops”

We USE AI tools before understanding them. We experience both the power and 

the failures firsthand, creating the cognitive tension that motivates everything that 

follows.

Act II Understand Weeks 3–7

“How Does This Actually Work?”

We learn foundational concepts: tokenization, embeddings, attention, context 

windows, inference, hallucination mechanisms. Prompting is taught as the applied 

side of these fundamentals.

Act III Master Weeks 8–10

“Wielding It Professionally”

We learn to evaluate AI output quality rigorously, integrate AI into real development 

workflows (IDE assistants, agentic pipelines, CI/CD), and measure productivity 

impact.

Act IV Govern Weeks 11–13

“The Bigger Picture”

We confront risks, security, organizational impact, and the economics of AI 

adoption. The course ends with you defending your own AI integration strategy.

Chat Assistant Knowledge Partner Workflow Integrator Autonomous Agent

A I  A U T O N O M Y



LLM in one picture

Glossary

- Prompt (user provided input instructions), Context (extra text the model sees)

- Token (sub-word unit, model operates on tokens)

- MCP (generic interface / protocol to make any external tool available to an LLM)

Tools / Connectors

- External actions (HTTP, email, git, database, …) exposed to the model

- On the fly code generation & execution

“the hottest new programming language is English” – A. Karpathy

Inputs
▸ Prompt

▸ Context

▸ Enabled Tools

text  →  tokens
Transformer Model

Auto-regressive (predict next token)

"plans" in natural language

Iteration 1

Iteration 2

Iteration n

Raw Output

Tool Call

feedback loopInput token

Generated token

Tool call token

Tool response
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Two questions, two blocks
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#introduction
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One training objective
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#next-token-prediction-is-the-only-thing-the-model-was-trained-to-do
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#next-token-prediction-is-the-only-thing-the-model-was-trained-to-do
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#next-token-prediction-is-the-only-thing-the-model-was-trained-to-do


What the Model does NOT have
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training


Base Model: Two Continuations
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#base-model


SFT 
SFT Gleichung, RLHF: The Post – Training Pipeline

→ RLHF: The Post – Training Pipeline
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Surpervised Fine-Tuning Reinforcement Learning from Human Feedback

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training


Supervised Fine-Tuning (SFT)
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SFT is the reason the 

conversation really feels like 

one – Chat Bot 

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#sft
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#sft
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#sft


Reinforcement Learning from Human Feedback (RLHF)

14

▪ It is a refinement on top of SFT, not a replacement for it. 

▪ SFT teaches the model what an assistant looks like. 

▪ RLHF teaches the model which of several plausible assistant-style responses 

humans prefer.

.

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#rlhf


DeepSeek-R1 and the GRPO frontier
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*PPO – Proximal Policy Optimization

*GRPO – Group Relative Policy Optimization

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training




Peaked vs flat: the shape of the distribution

17

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#the-model-always-picks-a-token


Factual / structural / confident-nonsense
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Not all hallucinations are alike. They share a mechanism, but the way they manifest — and 

the way you should engineer against them — depends on what kind of structure the model is 

fabricating. 

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#the-hallucination-taxonomy
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#the-hallucination-taxonomy
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#the-hallucination-taxonomy


Per-category examples and mitigations
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#the-hallucination-taxonomy
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#the-hallucination-taxonomy
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#the-hallucination-taxonomy


Checkpoint: diagnostic foundation
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#the-hallucination-taxonomy


AGENTS.md: the cross-tool standard
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Inputs
▸ Prompt

▸ Enabled Tools

▸ AGENTS.md

text  →  tokens
Transformer Model

Auto-regressive (predict next token)

"plans" in natural language

Iteration 1

Iteration 2

Iteration n

Raw Output

Tool Call

Input token

Generated token

Tool call token

Tool response

AGENTS.md token

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#the-claudemd-compliance-anecdote-explained
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#the-claudemd-compliance-anecdote-explained
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#the-claudemd-compliance-anecdote-explained
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CLAUDE.md tokens compete for attention

Once the conversation starts, more tokens accumulate. The user’s first prompt. The model’s first 

response. A tool call to read a file. The file’s contents. Another response. Another tool call. 

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#the-claudemd-compliance-anecdote-explained


Multi-head dilution
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We do not need to know 

exactly which heads do 

what inside a production 

model to make the 

engineering point. 

The intuition is enough: 

the model’s final 

representation at each 

generation step is a mixture 

of many heads’ outputs, 

combined by 𝑊𝑂. Heads 

that happen to route over 

CLAUDE.md tokens 

contribute their values to 

that mixture; heads that do 

not route there contribute 

other values. 

CLAUDE.md is context, and context competes with other context.

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training




KV and prompt caching: economics
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KV Cache and Attention CompressionCurious about the details?

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#kv-caching
https://l3gj0n.github.io/artificial_intelligence_hs_aalen/slides/07-attention-efficient-canvas.pdf
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Lost in the middle: the U-shape

Take a question whose 

answer is in some long 

document. 

Vary the position of 

the relevant passage 

within the document 

— beginning, middle, 

end. 

Measure the model’s 

accuracy as a function 

of where the passage 

sits.

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training


27

The Chroma “Context Rot” finding

Chroma Research’s Context Rot report (Hong, Troynikov & Huber, 2025)

As the input grows, the model’s 

effective accuracy on any specific 

piece of buried information decays. 

The honest synthesis:

Positional effects on long-

context retrieval are real, they 

are model-dependent, they are 

hard to predict exactly, and they 

get worse as contexts get 

longer.

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#context-rot
https://research.trychroma.com/context-rot
https://research.trychroma.com/context-rot
https://research.trychroma.com/context-rot


Engineering rules for instruction files
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training


The three-layer model
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#three-layer-model
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#three-layer-model
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Why all three layers matter
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#three-layer-model


From consequences to controls
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#transition-from-consequences-to-controls


Checkpoint: Block A synthesis
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#transition-from-consequences-to-controls




Temperature, Revisited as Engineering
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#temperature-as-engineering
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Temperature, Revisited as Engineering

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#temperature-as-engineering


Temperature decision tree
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Seems already 

(almost) outdated

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#temperature-decision-tree
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training


Worked example: 10-token logit table
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
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First-token cascade
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
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What temperature does not solve
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#first-token-cascade


Boltzmann: where the name comes from
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#temperature-name-origin
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What is in-context learning?

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#what-icl-is
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training


GPT-3: the ICL headline

42

Brown et al. (2020), Language Models are Few-Shot Learners, 

was the paper that introduced GPT-3 and named in-context 

learning as its headline capability.

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#gpt-3-and-icl
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://arxiv.org/abs/2005.14165
https://arxiv.org/abs/2005.14165
https://arxiv.org/abs/2005.14165
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ICL mechanism in transformer vocabulary

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#icl-mechanism


Induction heads: the routing pattern
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Olsson et al. (2022), In-context Learning and Induction Heads (Anthropic), is the paper that 

gave ICL a specific mechanistic name.

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#in-context-learning-and-induction-heads
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://transformer-circuits.pub/2022/in-context-learning-and-induction-heads/index.html
https://transformer-circuits.pub/2022/in-context-learning-and-induction-heads/index.html
https://transformer-circuits.pub/2022/in-context-learning-and-induction-heads/index.html
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Extended induction head examples

Few-shot prompts are sequences of 

(input, output) pairs followed by a 

new input.

The pattern is

[in1][out1][in2][out2]...[in_k][out_k]

[in_query]. 

To produce the right out-query, the 

model has to look at how previous 

inputs were followed by outputs. That 

is induction-head routing, on the 

granularity of multi-token inputs and 

outputs.

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#induction-heads
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#induction-heads


Format matters more than content
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#induction-heads


Logit trace: zero-shot baseline
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#a-logit-trace
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#a-logit-trace
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#a-logit-trace


Logit trace: few-shot correct + random
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#a-logit-trace
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#a-logit-trace
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#a-logit-trace




Checkpoint: ICL and induction heads
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training


TECHNIQUE CARD: Zero-shot
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#few-shot-in-practice
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#few-shot-in-practice
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#few-shot-in-practice


Few-shot engineering rules
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#how-many-examples
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#how-many-examples
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#how-many-examples


TECHNIQUE CARD: Few-shot
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#few-shot-in-practice
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#few-shot-in-practice
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#few-shot-in-practice
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Format beats content

Match the input shape

▪ Make your examples the same type as the query — a Python function with a docstring, 

a 3-key JSON object. Induction heads look for prior occurrences of that shape; give 

them some.

Match the output shape

▪ Show the exact format you want — markdown table, JSON, bullet list — in the 

demonstrations. It transfers reliably.

Match the delimiters

▪ Use the same separator for the query as in your examples (newline, "Answer:", ---). 

The heads route across delimiter positions, so consistency keeps routing reliable.

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#how-many-examples


Examples beat instructions for style
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#code-specific-few-shot


Worked example: Stack Exchange (Act 1)
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https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#worked-example-act-1
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training


CoT: headline and mechanism
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*Wei et al. (2022), Chain-of-Thought Prompting Elicits Reasoning in Large Language Models

*Kojima et al. (2022), Large Language Models are Zero-Shot Reasoners

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#chain-of-thought
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#chain-of-thought
https://arxiv.org/abs/2201.11903
https://arxiv.org/abs/2201.11903
https://arxiv.org/abs/2201.11903
https://arxiv.org/abs/2201.11903
https://arxiv.org/abs/2201.11903
https://arxiv.org/abs/2205.11916
https://arxiv.org/abs/2205.11916
https://arxiv.org/abs/2205.11916
https://arxiv.org/abs/2205.11916
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Depth for length: direct vs CoT

https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#cot-mechanism
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training
https://l3gj0n.github.io/ai_supported_software_development_hs_aalen/en/2026/04/27/lecture-6-steering-the-distribution/#post-training


TECHNIQUE CARD: Chain-of-thought
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TECHNIQUE CARD: Chain-of-thought
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Reasoning Models do have 

this internalized already!
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SE CoT: plan then code
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When CoT hurts: four failure modes
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CoT expressivity: stated, not proved
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Reasoning models: productised CoT
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Self-consistency: recipe and mechanism
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*Wang et al. (2022), Self-Consistency Improves Chain of Thought Reasoning 

in Language Models
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TECHNIQUE CARD: Self-consistency
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Variance reduction and consensus signal
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Checkpoint: prompting patterns
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Structured outputs and constrained decoding
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When prompting is the wrong tool
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Visible reasoning 
Visible reasoning Gleichung, trustworthy reasoning

≠ trustworthy reasoning
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Model-class decision matrix
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Security boundary: prompt injection
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TECHNIQUE CARD: Role / persona priming
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Pattern summary: six rows
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Decision tree: choosing a pattern
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When the task is… Use this pattern

Well-known & standard

(validate_email, summary, translation)

Zero-shot. Temperature 0–0.7 depending on determinism vs. graded 

quality.

Project-specific in style or format

(your schema, codebase pattern, 

house style)

Few-shot, 2–4 examples. Match the format strictly; put the best 

example last.

Requires intermediate reasoning

(multi-step math, planning, bug 

tracing)

Zero-shot CoT (“Let’s think step by step”). If reasoning is wrong, 

escalate to few-shot CoT, 1–2 demos.

Accuracy-critical & worth the cost

(evals, hard one-offs, high-stakes)

Self-consistency on top of CoT (~5–10× compute, T > 0). Otherwise 

skip.

Combine where useful
Few-shot CoT = standard for evals. Few-shot CoT + self-consistency 

= heavyweight option for hard problems.
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How each pattern fails
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How to diagnose a prompt: the 4-field lens
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Exercise walkthrough: Card 3 (role priming)
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Exercise walkthrough: Card 12 (CoT overuse)
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Supporting techniques overview
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Prompt Strategy Diagnosis
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06 Prompt Strategy Diagnosis: 12 Cards
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