Agentic Design Patterns for Production-Grade LLM Systems

Architectural Blueprints for Orchestration, Routing, and Autonomous Memory.
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Code Gates =
if (passed(eval)) ~ — ]—'r_ Reasoning NOde =2 i if (passed(eval)) =
v v

then proceed, then proceed,;
else halt; else halt;
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Presented as an Engineering Playbook.
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Can propose actions,

but cannot enforce
invariants or hold
state.
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Owns control flow,
hosts tools, manages
memory context, and

applies hard stops.
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LLMs are Probabilistic Reasoning Engines, Not Execution Architectures

THE ENGINE |

Guardrail

Safety
Interiocks

Pipelines

Deterministic Architecture
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Architectural patterns define who owns the control flow (Mint Green),
where authority sits, and how context stays clean as tasks scale.
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Scale Complexity Only When Empirical Evaluations Prove Simpler Methods Fail
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Rule 0: Start with the simplest architecture that passes your evaluation suite. Never

build an autonomous agent when a composable workflow suffices.
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¥ Autonomous Agent

Open loops, model
owns control flow

Multi-step, application code
\ owns control flow
Augmented LLM

RAG + Tools + Memory

Stateless, 1 turn




Every Enterprise Workflow is a Hybrid of Three Execution Regimes

Regime 1: Regime 2: Regime 3:
Deterministic Code Probabilistic Inference = Human-in-the-Loop (HITL)
Tasks Exact arithmetic, RBAC, Unstructured synthesis, High-blast-radius irreversible
schema validation, semantic classification, actions, wire refunds, policy
Pll redaction. fuzzy matching. exceptions.
Why LLMs introduce silent Rigid code shatters on Models cannot bear financial
tail-risk degradation. phrasing variations. or legal accountability.

D

:i Never assign Regime 1 or Regime 3 responsibilities to Regime 2.




Prevent Deterministic Drift by Forcing Hard
Invariants into Application Code

Probabilistic
Inference
(LLM)

Reads prompt and
proposes action.

{ "action": "refund",
"amount":

}

650.00

Intercept effect

Python code
executes
exact date
math and
verifies policy
eligibility.

PreToolUse Hook

1 Only proceeds

if code passes.

Deterministic drift occurs when

exact, rule-bound logic (math,

T RBAC) is delegated to a system
prompt instead of application

‘{C: code.

DEFINITION @@

o

=



The Sequential Decision Framework Maps Task Constraints to Architectural Shapes

vl

1) Triage Execution Regimes 2) Select Work-Shape 3) Route to Model Tier 4) Wrap in Guardrails

| Single Call Workflow Autonomous Agent

L Task 1 o Known Decomposition Unknown Emexgent .
Predictability P (K steps) (N steps)
Latency . 4 4 ,
Budget Sub-second 3s to ~15s Seconds to minutes+

| — High exponential

Token Cost — Base rate Bounded multiplier ceiling (10-15x)

AN



Agentic Architectures Must Defend Against Inherent Probabilistic Flaws

Non-determinism

Tt @

Flaw: Identical prompts
yleld variance.

Mitigation: Token-level
strict JSON schemas and
structural rubrics.

Plausible-Sounding Hallucinations

®
o2n =[]

Mitigation: Pre-LLM
epistemic quality gates
and deterministic
citation verification.

Flaw: Empty tool
outputs generate
confident lies.

Context Sensitivity

= T C
=] <16

Mitigation:
Separate generation
from verification; cap
tool catalogs at <= 16

Flaw: Mid-window recall
drops with 306+ rules.

Compounding Multi-Step Errors
Gmund Truth

e Q—D—D—l»

0. 951”- 60%

Flaw: Unverified chains
fail exponentially

(0.95%10 = 60%).

Mitigation:
Insert ground-truth
environmental feedback
loops after every step.




Canonical Pattern 1: Prompt Chaining Secures
Sequential Steps with Code Gates

Validates mandatory fields and citations.
/- If invalid, halts immediately.

Risk Assessment

Extraction LLM :}>

9 LLM
Processes source text | s > Analyzes validated
and emits structured | Deterministic =~ - clauses.

JSON. Code Gate

|7 —=——|

ore Concept: This pattern ensures SO downstream spend if extraction fails early. It decomposes
‘ complex tasks into narrower, focused LLM calls where application code owns the sequence.




Canonical Pattern 2: Routing Dispatches Intents to Specialized Handlers and Tiers
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Routine Intent

Fast/Cheap Model Tier (Haiku / Flash- J
<)

Intent Classifier r) Lite). Minimal reasoning effort.
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Complex Debugging y
. Frontier Model Tier (Opus / Pro). J
)

Incoming Request

High capability.

= . |
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— V7 ZLS
Ambiguous Fallback &

Safety net for unclear inputs to '?5
J

prevent misrouting cascades.

R

“ yowawe —_—

RIS

Takeaway: Routing beats a monolith prompt by eliminating instruction clash and
reserving expensive frontier models only for tasks that demand them.
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Canonical Pattern 3: Parallelization Optimizes for
Wall-Clock Speed or High-Confidence Consensus

Sectioning

Incoming Task

Ambiguous Task

[ T

{:}f} Financial Check

Programmatic

- i o
@'%} Legal Checkf;i ;'i_ SETERETE

T —
'@’}?f Tech Check «
Il &

‘Rule: Total latency equals the slowest branch.

{j}{:’ Voting LLM

bl

4

Threshold/Majority
Reducer Node

Rule: Tunes threshold to asymmetric risk

@ Ei;’ Voting LLM

-'~--..r-J=

(high recall vs. high precision).




Canonical Pattern 4: Orchestrator-Workers
Dynamically Decompose Unpredictable Task Graphs

{J@}/"E = input and dynamically emits a
structured subtask schema.

ﬂ—ﬁ' —_ﬂ_\\\;‘:,
Orchestrator LLM

N _
e

[o-__\\_— ”__G:/"’/_f ] High-capability planner inspects

(Mid-tier workers execute bounded subtasks in isolated, fresh context windows.

(Bounded concurrency waves of 3-5).

)

Merges worker handoff contracts
into unified deliverable.
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Synthesizer LLM
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Key Distinction: Uniike standard Parallelization, the exact number and nature of branches are determined at runtime, not hardcoded in advance.
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Canonical Pattern 5: Evaluator-Optimizer
Loops Enforce the Separation of Authority

Pre-Critic Gate
Deterministically checks
citation existence.

Generator LLM
Produces a draft.

() Fail Closed to

(" 4 HITL checkpoint

Lt If rejected,
WEY feedback
X loops back.

Cold-Context Critic LLM
Adversarial rubric,
include_contents='none’.
Cannot grade its own work.

(__ J.'..-l"-fa-" = = . -. - : s H""- _‘ﬁ
Core Rule: Never ask the same prompt in the same turn to draft an answer and grade its own compliance—it will rationalize its mistakes. _L
\&
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Autonomous Loop Paradigms Demand Strict Execution and Termination Hygiene

ReAct
O Thought
() Action
O4sewaton
O
Thought

-

4

0 TRET

[ sTATUS: MONITORING | | CURRENT TURNS: 12 / MAK: 20 |

Explicit completion criteria
(Ground-truth exit)

Hard turn ceilings
(max_turns limiter)

Loop Architectures
Plan-and-Execute
Executor
O Executor
[ Planner
Planner Executor
(Structural DAG Generator) O
Executor
Executor
(Parallel Task Execution)
The 5 Guardrails

=

X |v |

1f lerror_rate = 0.8)
returnm is_error: true;

s

( coST: $1.25/ LIMIT: $5.00

¥

: [ REPEAT COUNT: 0/ THRESHOLD: 3 ] ERROR_STATUS: FALSE ]

Structured Error Poka-Yoke
(is_error: true)

Duplicate call traps
(Intercepts 3x repeating loops)

Token/Cost ceilings
(Financial kill switch)




Fragile Prototype Tool

Dumps 259KB raw JSON array into

Payload Size:
context window.

- Dote circuit
/7 ca.ungI-;:mc-::l
N | H‘h AL e
Path Arguments: \\
path: str
L,. Annotate: Relative paths break after directory changes.
gl =
'Y
Constrained Choices: '_,).r'ﬂ Sy
status: str EHI,,,H.:;]
2 g g
L Annotate: Free text; model invents states. fof_ oo

o

i o e I —

Mls’rake Proof the Agent-Computer Interface (ACI)
with Poka-Yoke Tooling

Production Poka-Yoke Tool

Path Arguments:

SEEUFE,

NS\ \ Y9
absolute_path: str l
L.]. Annotate: Required leading slash.

Constrained Choices:
| | Literal['open', 'pending',

'resolved']

F Payload Size:
Paginates (limit=25, offset=0) with
compact summaries.

Error Semantics: ' Error Semantics:
Empty string "" on timeout. - Emits {'is_error': true,
: |@ } Eﬂ'ﬁ 1 - = gl I
L> Annotate: Tricks model into thinking data is empty. L] SRR D S oo )
P e A 1| %
e \\ Y e — cone
o o o A el
| i :
e . , — . . . . =
% —— Core Principle: Shift left on error detection. Make invalid states unrepresentable in the ACI to prevent agent hallucinations and execution failures. [ =
7 ,




The 4-Tier Agent Memory Architecture Balances Cognitive Load and Persistence

FAST / TRANSIENT BAFIG DATA FrOW TRANSIENT

" /— e 0
WORKING MEMORY |

Active scratchpad, recent turns,
live tool observations.

Q CF' CCHE

schemas first for prompt caching. —

n[ Rule: Keep lean, put static ]
|
|

e TN .
o v
el D gE s
E 1 }} } .-:"r:' ’ B ) -+ — z
Lu ' L N T E
E .E;‘_ % Persistent session store, transcripts, ,g ; TRANSCRIPT [%2]
7)) rivre - { - . interaction trajectories. W, Y DATABASE 7]
W Rule: Used for session resume [ — oam ruow L
g and audit trails. p— i o
~" SEMANT] 1 |
- Verified dﬂmaintnuwledge, user f AT
preferences via RAG. -
3 Rule: Consolidate facts in background; “\ =
-l keep enterprise policy read-unly.
SLOW / PERSISTENT. PERMANENT

e,

'\-\_\_‘_\_\- e

Rule: Use progressive disclosure (lead names
first, full code only when triggered).
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Defend Against Context Rot with Active Compaction and Sandboxing Strategies

THE PROBLEM: CONTEXT ROT

Data Flow DAG

Logic Gate -
RAW TOOL DUMPS

1. WRITE (EXTERNALIZE)

THE SOLUTIONS: ACTIVE DEFENSE STRATEGIES

1 TYPED SESSION KEYS /
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EXTERNAL DISK

Offloads non-critical state to
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persistent storage for retrieval.

PROGRESSIVE DISCLOSURE
OF FILE RANGES

Fetch only necessary code segments
or file ranges at point of use.
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THE PROBLEM: CONTEXT ROT
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Data Flow DAG -

3. COMPRESS (SLIDING WINDOW)

SUMMARY: | KEEPS ONLY LASTK
PRIORTURNS | | TURNS VERBATIM |

Collapses older conversation history into a
dense summary, preserving recent interactions.

00 2
l %y | | CLEAN CONTEXT WINDOW
=\ s ’G)Jﬂ) o | FOR NOISY SEARCHES
| & s X : Executes high-noise operations in a
'l 7 e ,f% ' dedicated, ephemeral environment.
|

COLOR LEGEND: MINT GREEN: DETERMINISTIC CODE / SAFE PATHWAYS. AMBER: PROBABILISTIC REASONING / JIT. CORAL RED: CONTEXT ROT / ERRORS. BRIGHT PURPLE: AUTONOMOUS AGENTS / SANDBOXES.



Valid Multi-Agent Topologies Require Specialized Tools and Isolated Contexts

Ag.ent Theater

i Hub-and-Spoke
! - wa :,.,J_:;::- | / :

.

Hub-and-Spoke

The Litmus Test

Do not use multi-agent without
distinct tools, parallel 1/0, or
adversarial verification.

4 Canonical Topologies

2) Sequential Pipeline 3)  Mesh/Debate
= Data Flow }’f i
~O—-@—-0-
St |
Sl

Sequential Pipeline Mesh / Debate

4 ) Hierarchical Teams

< Manager
[ == % Agent

vansger () e
YN Y ZUN
000000
Specialized Workers —

Hierarchical Teams



Handoff Contracts Prevent Context Contamination Across Agent Boundaries

Coordinator Agent Worker Agent

l HandoffContract
(JSON)
. <

W ¢ Return a 200-word summary and an
-’ artifact uri; never dump 50KB code
" diffs back into the parent window.

Disk/Artifact
Storage
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Diagnosing Production Failures Through the Matrix of Doom

| Production Symptom s Ar‘ccahulsteectur‘al Deterministic Fix B

Agent miscalculates
fees on edge cases.

Parallel workers
= intermittently
overwrite findings.

= #= Generator-Critic
% loop burns 15 turns

and ships
hallucination.

A%,

‘mEmory

Deterministic
drift.

« Shared mutable
- state race.

Ungrounded
reflection &

unbounded loop.

5

Move threshold
checks to Python
PreToolUse.

Assign unique
output_keys per
branch.

Cap iterations at
3 + regex verify

citations against |
source. |




1. 3-Bucket Triage: Math, RBAC,
and policy executed in code;

HITL for irreversible actions. @ f_,@ﬁ

2. Complexity Ladder: _+{EE§
Empirical baseline proves A
simple workflows fail
before adding autonomy.

3. Epistemic Gating: $0 R
deterministic pre-LLM Mmmm_;EEﬂ_*:
quality checks block e i
corrupted inputs.

4. Loop Hygiene: Hard
ceilings on turns,

and duplicate calls
active.
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5. ACI Poka-Yoke: Tool catalogs <= 16, [s=
strict Literal schemas, absolute — ()
paths, and is_error feedback. Eé%éfé_i

IS
6. Context Budgeting: Static 1= 5
instructions prioritized for [E:::_ﬂl , :
cache; sliding window L—w I;l

compaction enabled.

7. Handoff Contracts: 250N object
Subagents run in isolated {zson} r_i__w
windows, returning typed 1 [_EQ \ T

JSON and artifact URIs. parerance iy

8. Separation of Authority:
High-stakes generation =
separated from independent F{__
cold-context evaluation.




The Enterprise Blueprint Synthesizes Deterministic
Harnesses and Probabilistic Engines /

i T e’
Prompt
—) B — " _—
e Worker Y b E: £
47‘3 Agent B p- 3 F
Worker ' Worker T
\\\ Agent A E]-J Agent D |

Request Ingestion S—

—

Orchestrator Worker Worker Human Approval
Agent C Agent D Dashboard
| _ [ Al ¢ |
RO -
[t

MCP Tools (Python/SQL actions)

True agentic engineering is not about maximizing model intelligence;
it is about building the deterministic harness that binds it safely to reality.



