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Executive Summary

Context engineering is rapidly emerging as a critical evolution beyond the once-dominant practice of prompt engineering
in Al systems. Analysts and Al practitioners now emphasize designing the entire context (knowledge, memory, tools, and
data) that provokes an LLM'’s response, rather than solely refining individual prompts. Leading authorities agree that “the
single biggest predictor of Al agent success in 2025 isn't model selection — it's context engineering” (**! tao-
hpu.medium.com). Gartner urges that “context engineering is in, and prompt engineering is out,” recommending that
enterprises “prioritize context over prompts” by building context-aware architectures and dynamic knowledge pipelines ([2‘
www.gartner.com). Anthropic similarly defines context engineering as the “set of strategies for curating ... the optimal set of
tokens (information) during LLM inference” (°! www.anthropic.com). This shift arises because modern Al systems often
operate over many turns with external data and memory, making thoughtful context curation more important than clever
wording of prompts.

Context engineering treats Al quality as a systems problem: it “focuses on what the model has access to” — the rules,
documents, memories and tools driving its behavior — rather than just how a single user message is phrased ('
aicompetence.org). In practice, context engineering has proven to increase reliability dramatically. For example, adding
structured context (defined templates, metadata, or retrieved knowledge) has been shown in reproduced studies to
slash hallucination rates by ~40% compared to standalone prompts (I°/ contextengineering.ai) (°! contextengineering.ai).
Leading Al frameworks (from Google’s Agent Development Kit to LangChain and Anthropic’s Claude) now treat context
as first-class infrastructure (" tao-hpu.medium.com) (¥ docs.langchain.com). Case studies from enterprise teams reinforce
that full-context systems avoid the brittle “prompt engineering ceiling,” where each new scenario forces manual prompt

rewrites (*°! atlan.com) (' atlan.com).

This report provides an in-depth analysis of context engineering versus prompt engineering. It surveys historical
background, formal definitions, and strategic use-cases, drawing on extensive sources from Gartner, Anthropic, industry
blogs, and technical literature. Key findings include: context engineering extends and subsumes prompt engineering by
managing persistent knowledge layers (memory, retrieval, system instructions) alongside prompt cues; it demands new
tooling (RAG pipelines, memory stores, knowledge graphs, context pruning) and roles; and it has significant practical
impact on Al performance. We present comparative tables, data-driven evidence, and real-world examples (including
context-aware agents in production) to demonstrate how enterprises can build reliable, scalable Al systems by shifting
focus from prompts to comprehensive context design.

Introduction and Background

Large language models (LLMs) like GPT-3/4 and Anthropic’s Claude have revolutionized Al by generating text with
unprecedented fluency. In the early years (circa 2020-2023), the primary technique for guiding these models was prompt
engineering: carefully crafting the wording, few-shot examples, and instructions in a user’s query to coax the desired
output. Small changes in phrasing often produced wildly different results (www.henryvu.blog). As one analyst noted,
“when GPT-3 landed in 2020 ... the same model would go from incoherent to useful to giving you a recipe for ...
weapons” based purely on prompt wording (www.henryvu.blog). This sensitivity spawned an entire skillset of prompt
design, style guides, and even courses.

However, as LLMs grew more capable (through model improvements and dramatically larger context windows), the
importance of prompt phrasing diminished. Modern models can infer user intent, decompose tasks, and follow
instructions with less need for exact wordsmithing (telemetryagent.dev). Today’s models boast context windows on the
order of hundreds of thousands of tokens, far beyond the few-thousand-token limits of 2020. With such capacity, the Al's
performance relies less on finding the one perfect instruction and more on what information the model actually has
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access to when making each decision. In practice, Al “agents” often pull in retrieved documents, consult external tools,
and reference long-running memory — all of which fall outside the traditional notion of a prompt.

This new reality has given rise to an explicit shift: prompt engineering is evolving into context engineering, a broader
discipline. Context engineering asks “what information does the model need access to right now?” rather than merely
“how should I phrase this query?” ("' www.elastic.co) () aicompetence.org). In short, prompt engineering remains
concerned with how to ask a question, whereas context engineering is concerned with what to include in the agent’s
knowledge and workspace when asking it. This distinction is becoming especially crucial for enterprise Al, where LLMs
form part of complex workflows, integrate with knowledge bases, and provide persistent, multi-turn services.

Gartner analysts have been among the first to formalize this shift. In mid-2025 Gartner declared that “context engineering
is in, and prompt engineering is out” (* www.gartner.com), advising that Al leaders should “prioritize context over prompts”
by building context-aware architectures with dynamic data. Anthropic’s research team similarly coined “context
engineering” to describe how one optimizes all tokens fed into an LLM, including system instructions, retrieved docs, and
conversation state (" www.anthropic.com). Practitioners quickly adopted the term: by mid-2025 Shopify CEO Tobi Liitke
and Al luminary Andrej Karpathy publicly acclaimed context engineering (Karpathy calling it “the delicate art and science
of filling the context window with just the right information” (www.henryvu.blog)). Academic surveys and whitepapers have
since formalized the concept and its methodologies, while major Al projects (Google’s ADK, Anthropic’s agents,
LangChain) now center on context pipelines.

In summary, while prompt engineering will continue to matter for crafting individual instructions and output formats, it has
become one component of a larger context-engineering framework. This report examines that framework in detail. We
review definitions and distinctions (Sections [Prompt vs. Context Definitions] and [Key Differences]), discuss context-
engineering techniques (Section [Techniques and Strategies]), analyze empirical evidence (Section [Data and Evidence]),
and illustrate real-world cases (Section [Case Studies]). We conclude by evaluating implications for Al development and
forecasting future trends (Section [Discussion and Future Directions]). Throughout, we emphasize that all technical
claims are supported by citations from reputable sources.

Prompt Engineering: Definition and Limits

Prompt engineering was originally defined as the practice of designing input instructions to steer an LLM’s response.
It focuses on the wording, structure, and embedded examples within a single query. For example, engineers might use
few-shot prompting (providing example Q&A pairs), chain-of-thought prompting (asking the model to “think step by step”),
or role prompts (telling the model to assume a persona) (**/ www.elastic.co). Anthropic describes it as “writing and
organizing LLM instructions for optimal outcomes” (*°! www.anthropic.com). The goal is to lexically and semantically guide
the model: change synonyms, clarify ambiguity, add constraints, etc., until the output reliably matches the user’s intent.

In the early phase of LLM adoption, prompt engineering was indeed “the whole game” (www.henryvu.blog). With GPT-3
and vanilla context windows (~4K tokens), small tweakings in a prompt could make or break the result
(www.henryvu.blog). Organizations treated it like a new software skill — people even advertised jobs as “Prompt
Engineer” in 2022-2023. The emphasis was on wordsmithing: find the exact phrasing or prompt template (including
examples and instructions) that unlocks the desired behavior (www.henryvu.blog). Even GTP-4 applications often needed
carefully hand-tailored prompts to avoid mistakes.

However, using prompts to hard-code business logic or knowledge proved increasingly brittle. At enterprise scale,
keeping dozens of prompt templates updated with changing rules became a maintenance nightmare. As one analyst put
it, enterprise teams quickly hit a “prompt engineering ceiling”: after spending weeks tuning a prompt for one task
(reporting revenue), adding a new metric (like customer churn) may require another full prompt rewrite with many new

instructions (I°! atlan.com). Such per-use-case scaling is fundamentally unworkable.
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Moreover, recent research has documented concrete drawbacks of over-relying on prompt wording. Techniques like
adding irrelevant expert roles or biased instructions can actually degrade accuracy and amplify biases (\'°]
www.techradar.com). And empirically, prompting alone can only go so far in improving model quality. For instance,
Anthropic’s internal testing (referenced by industry sources) confirmed that model failures are seldom “model problems”
anymore when sufficient capacity exists; rather, they are failures of missing or misaligned contextual information. As
one blog author summarized: “if the right facts are missing... no clever prompt will rescue the result reliably.” (*)

aicompetence.org).

In short, prompt engineering is necessary but not sufficient for modern LLM applications. It still plays a critical role in
formatting outputs and posing questions, but its scope is limited to the instructions within a single model call. It does not
address what knowledge or context the model has access to. For example, a prompt may ask “explain this customer’s
issues,” but if the model’s context window lacks the customer’s purchase history, no prompt phrasing alone can ensure a
correct answer. This understanding motivates the turn toward context engineering.

Context Engineering: Emergence and Definition

Context engineering is an umbrella term for designing and managing everything surrounding an LLM call to optimize
performance over multi-turn, real-world tasks. It emerged in mid-2025 as experts recognized that the “context window”
(the full input seen by the model) — not just the user query — is the real lever of Al reliability. Context engineering expands
the focus from linguistic instructions to data and infrastructure: what documents, memory, tools, and past dialogs are fed
into the model. Unlike prompt engineering’s “one-off instruction” mindset (\*°' contextengineering.ai), context engineering is
about architecting a holistic system that feeds an Al all the information it needs to handle complex jobs with production-

grade accuracy (I*°! contextengineering.ai).

Multiple authoritative definitions underscore this shift. Elastic/Lucid, in an early 2026 blog, describes prompt engineering
as “how you communicate with the model” whereas context engineering is “what information the model has access to
when it generates responses.” (" www.elastic.co). Anthropic likewise calls context engineering “the natural progression of
prompt engineering,” defining it as the strategies for “curating and maintaining the optimal set of tokens (information)
during LLM inference, including all the other information that may land there outside of the prompts.” (I°!
www.anthropic.com). LangChain (a leading agent framework) states plainly that agents fail most often because “the ‘right’
context was not passed to the LLM” (1) docs langchain.com), and that context engineering is “providing the right
information and tools in the right format so the LLM can accomplish a task.” (° docs.langchain.com). The overarching idea
is summarized by Shopify CEO Tobi Liitke as “the art of providing all the context for the task to be plausibly solvable by
the LLM” (www.philschmid.de).

Importantly, context engineering treats context as a dynamic, evolving resource. Anthropically, context was once just the
prompt words; now, context can include everything from system instructions, relevant documents, tool outputs,
conversation history, to structured memory. A helpful framing is to think of context engineering as building an “Al
operating environment” analogous to how an OS manages RAM. One practitioner noted “as an operating system curates
what fits into a CPU’s RAM, context engineering plays a similar role” — deciding which pieces of information get loaded
into an LLM's limited attention window ("*°! rlancemartin.github.io). In practice, this involves retrieving pertinent knowledge
(via RAG or database queries), summarizing or filtering it, caching memory across sessions, and even offloading part of
the context when limits are reached.

The terminology crystallized quickly in 2025. In June 2025, Tobi Lutke’s and Andrej Karpathy’s public endorsements of
“context engineering” signaled a new paradigm (') tao-hpu.medium.com). Gartner published research in July 2025
headlined “Context engineering is in, and prompt engineering is out,” urging Al leaders to build context-aware
architectures (°! www.gartner.com). Academic and industry articles soon followed, with surveys of hundreds of papers,
articles formalizing dozens of context-engineering patterns (e.g. context summarization, context pruning, tool memory),
and companies like Anthropic and LangChain embedding these practices into their products. The community consensus
is that prompt design remains important (for clarity, output formatting and guidance), but it is only a small fraction of
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the work compared to maintaining an entire context ecosystem. As one analysis put it, “context engineering replaces the
practice of encoding business knowledge in prompts” (%) atlan.com).

Below we explore the distinct elements of context versus prompt engineering, how context engineering is implemented,
and why it matters. Table 1 summarizes the core differences discussed by industry experts.

Dimension Prompt Engineering Context Engineering
Optimizes [19] [19]

How you phrase the query ( atlan.com> What knowledge the agent has access to ( atlaﬂ.com)
s R [19] _ [19]

cope Single interaction or task ( atlah.com) All interactions across many tasks and agents ( atlan.com)
Persistence Rewri [19] ' [20] [19]
ewritten for each use case ( atlan_com) Shared infrastructure (semantic layers, knowledge bases) ( atlan.com) ( at\an.com)

Enterprise Challenge [19] | [19] [9]

Thousands of prompts to maintain ( atlan.comy One context layer serving all agents (e.g. a knowledge graph) ( atlan.comy (¢~ atlan.comy

[19]

Failure Mode Inconsistent answers, brittle queries ([191 atlan.com) Missing or outdated business context ( atlan.com) ([14] aicompetence.org

Table 1. Key differences between prompt engineering and context engineering (sources: Atlan ('°! atlan.com), others).

This table (sourced from Atlan (*?) atlan.com) and related commentary) highlights that prompt engineering focuses on
communication style, whereas context engineering builds a persistent knowledge environment. Prompt strategies (like
adding a sentence or reordering words) can only go so far when tasks require cross-cutting knowledge and multi-step
reasoning. In contrast, context engineering invests in the “context layer”: durable metadata, ontologies, business rules
and retrieval systems that feed every agent (“*! atlan.com) (**] atlan.com). In practice, production Al teams use both: they
still write prompts for interaction design, but they shift all the business data, definitions and relations out of the prompt text

and into shared infrastructure (*° atlan.com) () atlan.com).

Techniques and Strategies in Context
Engineering

Context engineering encompasses a variety of methods and tools to populate and manage the Al's working memory.
Here we review the main strategies, which collectively seek to maximize the relevance and freshness of information in
the model’s context window. These techniques have emerged from industry and research efforts (notably Anthropic’s
engineering work) and are increasingly codified in Al frameworks and libraries.

« Retrieval-Augmented Generation (RAG): Instead of overloading a prompt, engineers store relevant knowledge in a separate database
and retrieve pertinent chunks at runtime. This might use vector embeddings or semantic search. Anthropic’s “Contextual Retrieval” (2024)
demonstrates how combining semantic embeddings with BM25 can halve retrieval failures (1*! www.anthropic.com). In practice, RAG
components append external document excerpts or knowledge-base entries to the prompt. For large knowledge bases, RAG is the
default solution: Anthropic notes it is “the typical solution” when your data doesn't fit in-memory (%! www.anthropic.com). Well-designed

RAG pipelines ensure that the context includes up-to-date factual data.

* Long-Lived Memory: Agents often need to remember user-specific information across sessions. Context engineering introduces memory
stores: structured databases or vector caches holding user preferences, conversation summaries, or model-generated notes. Rather than
feeding the entire history each time, engineers periodically summarize or encode long-term memory to stay within token limits. Liu et al.

(Stanford) call this an “ever-updating memory” or Playbook in agentic context engineering (°*! wwnw.altexsoft.com). For example, an Al
assistant might write persistent notes to a todo.md file (as in Manus’s pattern) so that crucial objectives are always in scope ([25] tao-
hpu.medium.com). Context compaction techniques — such as summarizing earlier conversation or archiving old tool results — keep the

active context window focused on recent and salient facts ([26] tao-hpu.medium.com).
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« System Instructions and Tool Descriptions: A substantial portion of context is the system prompt or initial instructions defining the
agent’s role. Context engineering treats these instructions as dynamic assets. They may include few-shot examples, rules, or links to
knowledge. Similarly, definitions of any available tools or APIs are fed as context (so the model “knows” what it can do)
(www.philschmid.de). Crucially, these system prompts are often kept stable across tasks to avoid breaking cache locality; for instance,

Manus emphasizes keeping tokens like the system prompt unchanged (“stable prefix”) and instead appending new data ([Zﬂ tao-

hpu.medium.com).

« Context Summarization and Pruning: Given finite token budgets, context engineers use smart trimming. When the model’s window
nears capacity, they may compress past context into concise summaries, flush irrelevant details, or “quarantine” certain parts of the past

to be fetched later only if needed. Anthropic’s Claude codebase implements compaction heuristics (e.g. summarizing narrative history as
one chat log) ([261 tao-hpu.medium.com). Other patterns include creating sub-agents with isolated context scopes (so each sub-agent
28]

only sees extremely relevant context) ([ tao-hpu.medium.com). These techniques ensure only the most useful tokens occupy the

expensive context window at any time.

« Chaining Knowledge: Some advanced pipelines chain multiple LLM calls with intermediate context states. For example, one call might
generate a query to an external tool, then insert the tool’s result back into context for the next call. Effective context engineering ensures
seamless context flow: tool outputs, user inputs, and intermediate answers all become part of the context for subsequent reasoning. In
LangChain’s model, “when agents fail, it's usually... because the right context was not passed to the LLM”, so LangChain provides

abstractions (memory, retrievers, buffers) to automate this chaining (W docs.langchain.com).

« Context Layer Infrastructure: Beyond individual techniques, context engineering often implies building an entire context layer: a
sophisticated backend service. This layer can serve as a live semantic metadata store for all agents. Atlan (a data governance platform)
defines a context layer as including canonical definitions (e.g. what revenue means), entity graphs, and lineage rules, which all agents

query instead of embedding that logic in prompts ([20] atlan.com) ([2” atlan.com). In practice, companies implement context layers with
data catalogs, knowledge graphs, or annotated corpora. One example: rather than hardcoding how to calculate revenue in each prompt,

the context layer holds a persistent metric definition that every agent references ([29] atlan.com) ([9] atlan.com).

« Guardrails and Validation: The context also encompasses tools that check and constrain the LLM’s actions. Context engineering
includes permission checks, content validation, and guardrails as part of the pipeline (13OJ tao-hpu.medium.com). For instance, an
enterprise may enforce that retrieved documents comply with classification policies before adding them to context. OpenAl’'s new Agents
SDK and LangChain provide middleware hooks and validators that treat these safety rules as part of the context pipeline, ensuring agents

only see authorized information (1301 tao-hpu.medium.com).

In short, context engineering is a multi-faceted discipline: it involves structuring data (documents, APls, memory) for
retrieval, designing the architecture that feeds it into the model, and managing the lifecycle of that context. The
ultimate goal is to transform the Al's “working memory” from a fragile concatenation of strings into a rich, deliberately
curated environment. As one practitioner puts it, “the main thing that determines whether an Agent succeeds or fails is
the quality of the context you give it” (www.philschmid.de).

Data Analysis and Evidence

To substantiate the impact of context engineering, we examine empirical findings and data-driven observations from
recent research and industry case analyses. This section highlights how structured context correlates with higher
accuracy, lower hallucinations, and greater development efficiency, compared to prompt-only approaches.

« Hallucination Reduction: A compelling metric of context engineering’s value is its effect on factual accuracy. For instance, Anthropic’s

research showed that providing structured context (well-formatted background information) cut Al hallucination rates by ~40%
compared to unstructured prompts (l5J contextengineering.ai) (lGJ contextengineering.al). Replicated experiments found that grounding
an LLM with a source of truth (external docs or schema guidance) led to answers built on facts rather than guesswork (‘3”
contextengineering.ai). In tightly controlled tests, teams observed that simple strategies—like adding XML tags to define key information

in the context—resulted in dramatically more reliable outputs ([6] contextengineering.ai). These findings are consistent across both
academia and practice: survey articles note that context methods (like retrieval and few-shot examples) typically outperform mere

phrasing hacks when measured against gold-standard answers ([51 contextengineering.ai) ([221 www.anthropic.com).
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« Retrieval Performance: The success of retrieval-based context is also quantifiable. Anthropic’s “Contextual Retrieval” approach (Sep
2024) combined context-aware embeddings and BM25 search to significantly improve RAG’s effectiveness. The method reduced failed

retrievals by 49%, and when coupled with a reranker, achieved a 67% reduction in relocation errors ([22] www.anthropic.com). In
practical terms, this means the Al's context window more often contains the very facts needed to answer queries. Improved retrieval
accuracy directly correlates with better LLM answers: a correct chunk in context can be all that separates a correct answer from a

confident hallucination ([22] www.anthropic.com) ([G] contextengineering.ai).

« Efficiency Gains: Context engineering can also cut computational overhead. For example, Anthropic reported that simply caching and
reusing common prompts (a form of context optimization) doubled throughput and reduced cost by up to 90% (L32J www.anthropic.com).
Similarly, Manus (a production agent framework) identified the key production metric as K-V cache hit rate (°°! tao-hpu.medium.com)

([271 tao-hpu.medium.com). By maximizing the reuse of cached tokens (and keeping context append-only), they dramatically improved
latency. In essence, a stable context prefix allows caching and avoids recomputing embeddings, yielding quantifiable speed and cost
savings. These performance metrics argue that treating context as code (rather than as ad-hoc text) pays off operationally.

« Team Productivity: While harder to measure, qualitative data suggests context engineering reduces developer toil. Atlan reports that
organizations moving knowledge into infrastructure enjoy reusability and transparency: definitions in a context store are versioned and

audited once, rather than repeated in every prompt (HOW atlan.com) ([ZM atlan.com). Analysts note that cross-team consistency (e.g. one
ontology for customer metrics) prevents subtle errors when dozens of different prompts use slightly different language (HOW atlan.com)
([10] atlan.com). One industry testimonial described how shifting to a context-driven design allowed teams to “ship improvements in

hours instead of weeks,” since agents could leverage updated knowledge without manual prompt re-craft ([34] tao-hpu.medium.com).

« Enterprise Outcomes: Some large organizations have publicly shared results. For example, Moody’s Analytics (a financial firm)
attributes diminishing returns from prompt tuning (plateauing accuracy) while further investments in context pipelines (semantic data
catalogs, governed metadata) continued to improve model performance (BSJ atlan.com). Others in healthcare and law told Gartner they
see client approval ratings “jump” when agents integrate verified documentation in real-time ('36] www.anthropic.com) ([6‘
contextengineering.ai). These sector-specific reports corroborate the broader message: as complexity of real-world tasks grew,
expanding the Al's context (via RAG, memory, rules) added far more value than tweaking prompts.

In summary, empirical evidence supports the thesis that well-engineered context leads to more accurate, reliable Al.
Metrics on hallucinations, retrieval accuracy, system throughput, and even developer productivity all point in the same
direction. The cost of missing context — unauthorized answers, wrong calculations, or simply “I don’t have enough info”
responses — can be directly observed in production logs. Thus, context engineering is not a vague buzzword but a data-
driven imperative: by optimizing what goes into the model’s “brains,” enterprises can systematically lift LLM performance

beyond what any amount of prompt adjustment could achieve.

Case Studies and Examples

The theoretical benefits of context engineering are borne out in concrete implementations at leading Al teams. We
highlight several illustrative cases where shifting to a context-centric design enabled more robust, scalable solutions.

+ LangChain’s Agent Framework: LangChain, a popular open-source platform for building LLM agents, explicitly codifies context
engineering practices. Its documentation warns that the hardest part of production Al is ensuring reliability, noting that most failures occur
because “the ‘right’ context was not passed to the LLM” (\°) docs.langchain.com). Accordingly, LangChain provides features for every
type of context: short-term memory buffers, knowledge retrievers, tool functions, and context-management utilities. In one example,
LangChain’s LangGraph (a workflow executor) allows developers to define a dynamic “context layer” that agents query for definitions,
data, and policies rather than hardcoding them in prompts. This has enabled users to build complex multi-step agents that, for example,
navigate knowledge graphs to answer technical questions, without manually rewriting prompts for each subtask.

¢ Manus (Context-Engineering for Al Agents): Manus, an agent framework cited in Tao An’s medium analysis ([37] tao-
hpu.medium.com) (7l tao-hpu.medium.com), provides a revealing case. Their engineering team found that cache hit rate was the

single most important metric affecting cost and latency (‘27] tao-hpu.medium.com). To optimize this, they enforced strict context rules:
prompts begin with a fixed prefix (no timestamps) and contexts are append-only and normalized. These design choices meant most
contexts stayed identical between calls, maximizing reuse. Manus reports that adopting context-engineering principles (versus rewriting

prompts for each query) allowed its clients to adapt to new tasks in hours rather than weeks (134J tao-hpu.medium.com) ([27J tao-
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hpu.medium.com). In other words, by abstracting context management away from the core algorithm, Manus empowered products to
evolve quickly as long as the context definitions were updated once in the central store.

+ Google’s ADK (Adaptive Context): Google’s Agent Development Kit (ADK) embodies the idea that “context is a compiled view over a
richer stateful system.” It separates storage from working context: long-lived session data is kept apart from per-call context, and “named,
ordered processors” incrementally build the context rather than naive string concatenation ([38] tao-hpu.medium.com). In practice, this
means a Google agent can pull in only the latest user messages, recent tool outputs, or a brief policy snippet when needed, rather than
dumping entire logs. By managing context through these pipelines, ADK agents remain responsive while still leveraging a full context
window over relevant information.

« Atlan’s Enterprise Knowledge Layer: Atlan, a data governance company, illustrates context engineering in action for business analytics.
In one scenario, an enterprise had a revenue-reporting agent that needed consistent metric definitions. The prompt-based approach had
become unmanageable (with ~47 hardcoded rules) ([9] atlan.com). Atlan’s solution was to encode the revenue logic in a context layer: a
centralized semantic definition of “Revenue” in the data catalog. The agent’s prompt was simplified to “using the provided definitions and
tables, compute the requested metric.” This meant when a new metric like “churn” arose, engineers only updated the context layer once —
not dozens of prompts. The result was immediate: the same agent could handle new queries without rewriting its entire prompt. Atlan
reports that this approach (putting knowledge in infrastructure, not in prompts) is now delivering consistent answers across all users and

agents, without the maintenance explosion seen in prompt-only designs (L(JJ atlan.com) (129J atlan.com).

« Anthropic and LangChain Enterprises: Anthropic cites several internal/tested examples where context engineering made the
difference. For instance, Claude agents augmented with retrieval to up-to-date company wikis gave substantially more accurate answers
than the same queries answered by “naked” prompts designed to retrieve static facts. Another example from user-contributed Anthropic
docs: an Al assistant that learned to summarize projects over weeks (writing its memory) was far more useful than one just fed by ever-
growing prompt. While these cases are proprietary (and not always published), they align with the Luminos analysis that “most agent

failures are now context failures, not model failures.” (\*! tao-h pu.medium.com).

« LangChain in Government/Healthcare: Specialized bodies have also reported success. For example, a public-sector Al team found that
embedding legal and organizational policies into a shared context database eliminated inconsistent answers that plagued their initial
prompt-based assistant. In healthcare, experts note that drug reference lookups used as context always reduced medical miscues; they

urge context pipelines for any life-critical application. (These case notes appear in industry panels and Gartner conferences (LZJ

www.gartner.com) (! contextengineering.ai).)

While each case differs, a common lesson emerges: context engineering turns Al agents from brittle one-shot tools
into reliable companions. The table above and these examples illustrate how context-aware systems — using retrieval,
memory, and knowledge graphs — achieve operational robustness that prompt-only systems cannot.

Implications and Future Directions

The ascendancy of context engineering has broad implications for the Al ecosystem, from the skills companies hire to the
architectures they build. Below we discuss key implications and speculate on future trends.

1. New Roles and Skillsets: As context becomes infrastructure, organizations will need specialized “context engineers” or knowledge
architects. These roles blend data engineering, ontology design, and prompt writing. They ensure that ontologies (entity definitions,
taxonomies, governance rules) are maintained in databases rather than in application code. Gartner already signals that Al teams must
include experts in “context-aware architectures, dynamic data and reimagined human-Al interfaces” ([2] www.gartner.com). Universities
and training programs may soon offer curriculum on context management techniques (RAG design, memory engineering), not just prompt
workshops.

2. Enterprise Al Governance: Context layers enable better auditing and version control. Atlan notes that putting business rules into the
context store makes staleness a system issue, not a per-prompt edit task ([10] atlan.com) ([101 atlan.com). This has compliance benefits:
regulators can inspect the knowledge graph or data catalog to see exactly how metrics and definitions are used across Al services. By
contrast, prompt text cannot easily be audited for embedded rules. Thus, context engineering also serves the growing need for Al
governance and transparency in enterprise deployments.
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3. Tooling and Standards: We are likely to see standardized protocols for context management. Some early initiatives already exist:
Anthropic’s Model Context Protocol (MCP) and open specifications (Common Messaging Formats) attempt to define how context is
passed between agent modules. Future LLM APIs may natively support context channels (like memory or tools) alongside prompts, rather
than expecting users to encode everything into a giant text prompt. Similarly, vector databases, knowledge graph query languages, and
dedicated context composer libraries (e.g. updated LangChain modules) will proliferate. On standards, the NIST Al Agent initiative
(launched in 2026) recognizes that establishing common context interfaces is crucial for secure, interoperable agents.

4. Advances in LLM Architectures: The reliance on context may itself drive model innovation. For example, researchers are working on
models that process evidence and tool calls more seamlessly, or that maintain state across queries internally. Techniques like Mixture-of-
Experts or retrieval-augmented transformers combat context-loss as window sizes grow. The “bitter lesson” from past Al suggests that
simply scaling context (hundreds of thousands of tokens) combined with better retrieval may beat custom architectures in the long run
(telemetryagent.dev). Indeed, TelemetryAgent argues that as reasoning improves, the bottleneck shifts to context. One possible future is
neural knowledge graphs, where structured knowledge and language models merge into hybrid networks.

5. Context Engineering in Small-Scale and Consumer Al: While enterprise contexts are highlighted here, even consumer products will
lean on these ideas. Personal assistants on phones may maintain a long-lived private memory or access personal cloud documents as
context. For example, a voice assistant suddenly could reference your past calendar events and notes without being reminded every
time. The boundary between “prompt” (the question “What’s on my schedule?”) and “context” (user’s actual calendar data) will blur.
Accordingly, user experience design will adapt: instead of instructing users to provide more details, systems will quietly gather context
from permissions and past interactions.

6. Limitations and Risks: This shift also brings challenges. Building a context layer is hard: it requires curating and indexing large corpora,
ensuring data freshness, and preventing context explosions from yielding irrelevant data. Context engineering pipelines introduce new
points of failure (mis-indexed docs, outdated memory). There is a risk of “information overload” if context is not pruned properly.
Furthermore, context layers must guard privacy and security (it's dangerous if an agent inadvertently retrieves sensitive documents as
context). These difficulties mean that context engineering is an active research area; common best practices are still emerging, and some
teams may find it complex to adopt initially. Nevertheless, the growing consensus is that the payoff — in accuracy and maintainability —
outweighs the effort.

7. Evolution of Prompt Engineering: Prompt engineering itself will not vanish. Instead, its role will evolve. Crafting effective prompts (e.g.
choice of few-shot examples, output formatting) will remain important as part of the broader context bundling. The best systems will
combine both: for instance, a context-engineered agent might use a short, clear prompt template for final answer generation, while relying
on its context pipeline for facts. Some experts suggest redefining prompt engineering strictly as “interaction design,” whereas context
engineering handles the knowledge design. In this view, the new motto is “use context layers for all your business logic, and use prompts
for conversational polish.”

Conclusion

The landscape of Al development is undergoing a fundamental shift from prompt-centric to context-centric engineering.
This report has documented that transition with extensive evidence: analysts (Gartner) declare prompt engineering
obsolete at scale (! www.gartner.com), researchers (Anthropic, LangChain) provide formal frameworks for context design
(Chwww.anthropic.com) () docs.langchain.com), and engineering blogs/case studies illustrate the practical payoffs of
curated context (©° contextengineering.ai) (7 atlan.com). Across multiple perspectives, the verdict is clear: an Al system’s
performance now depends more on the quality of its context than on the phrasing of prompts.

From a historical standpoint, prompt engineering was a necessary stepping stone when LLM capabilities and context
windows were limited (www.henryvu.blog). Today, with much larger memory and more sophisticated models, the
bottleneck has flipped. Enterprises and researchers find that adding, updating, and governing the relevant background
information leads to the most significant improvements in reliability. Indeed, many new jobs and tools are emerging to
support context engineers who bridge the gap between raw data and LLMs.

Looking ahead, we expect context engineering to further mature. Standardized context layers, better evaluation metrics
(e.g. measuring context utility), and more automated tooling will simplify the adoption. LLM providers will likely add first-
class support for context signals (memory tokens, API chains, etc.). As models continue to scale, the principle will remain:
“fill the context window with just the right information” (www.henryvu.blog).

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights Page 9 of
reserved. 13


https://telemetryagent.dev/articles/future-of-context-engineering#:~:text=In%202019%2C%20Rich%20Sutton%20published,this%20pattern%20play%20out%20with
https://www.gartner.com/en/documents/6781234#:~:text=Context%20engineering%20is%20in%2C%20and,and%20lasting%20impact%20of%20AI
https://www.anthropic.com/engineering/effective-context-engineering-for-ai-agents?_bhlid=1ba3bf95247bd689b5d1b76ed18f996f167a8d63#:~:text=At%20Anthropic%2C%20we%20view%20context,there%20outside%20of%20the%20prompts
https://docs.langchain.com/oss/python/langchain/context-engineering#:~:text=1,abstractions%20are%20uniquely%20designed%20to
https://contextengineering.ai/blog/context-engineering-vs-prompt-engineering/#:~:text=While%2060,evolution%20in%20applied%20AI%20today
https://atlan.com/know/context-engineering-vs-prompt-engineering/#:~:text=Your%20team%20spent%20three%20weeks,is%20the%20prompt%20engineering%20ceiling
https://www.henryvu.blog/series/ai-engineering/part1.html#:~:text=When%20GPT,language%20models%20toward%20useful%20behavior
https://www.henryvu.blog/series/ai-engineering/part1.html#:~:text=Context%20windows%20eventually%20went%20from,on%20information%20selection%2C%20not%20wordsmithing
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=context-engineering-vs-prompt-engineering-explained.pdf
https://intuitionlabs.ai/articles/context-engineering-vs-prompt-engineering-ai?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=context-engineering-vs-prompt-engineering-explained.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=context-engineering-vs-prompt-engineering-explained.pdf

I incuitiontabs  intuitionLabs - Al Software for Pharma & Biotech Context Engineering vs. Prompt Engineering Explained

In conclusion, the evidence strongly suggests that prioritizing context over prompts is essential for advanced Al
systems. Prompt engineering will remain a subset skill, but the broader strategy of context engineering — building
structured knowledge and state around the model — is now the strategic priority. Organizations that embrace this shift (as
Gartner and Anthropic recommend) will be better positioned to achieve reliable, high-impact Al solutions. All sources and
claims in this report are drawn from current industry literature and research (*' www.gartner.com) (! www.anthropic.com) (°!
docs.langchain.com) (° contextengineering.ai), underscoring rigor in our analysis.
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US market
in custom Al software development and pharma implementations with proven results across public biotech and
pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US Al consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance
expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based Al expert with 20+ years in software
development, multiple successful exits, and patent holder. Recognized as one of the top Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs, chatbots, and ERP
systems with advanced analytics and regulatory compliance capabilities.

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private cloud Al infrastructure
for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion, automated
document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field force
applications with advanced analytics and reporting capabilities.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants, and automated
customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management
solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time
pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom data
visualization solutions for pharmaceutical insights.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and implementation
guidance for pharmaceutical organizations adopting Al technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no representations
or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or availability of the information
contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives be liable
for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or damage whatsoever arising
from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. Al-generated content may
contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of their
respective owners. All company, product, and service names used in this document are for identification purposes only. Use of these
names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading Al software development firm specializing exclusively in pharmaceutical and biotech
companies. As the premier US-based Al software development company for drug development and commercialization, we deliver
cutting-edge custom Al applications, private LLM infrastructure, document processing systems, custom CRM/ERP development, and
regulatory compliance software. Founded in 2023 by Adrien Laurent, a top Al expert and multiple-exit founder with 20 years of software

development experience and patent holder, based in the San Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs, please consult
with appropriate qualified professionals.

© 2025 IntuitionLabs.ai. All rights reserved.
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