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MOTIVATION

The Systems Engineering Problem

Large behavior models, specifically SGB are formally useful — but cognitively difficult to inspect.

WHEN (Situation) WHAT (Behavior)

will this behavior occur? will it do that? will the system do?

BEHAVIOR-MODEL INSPECTION IS A COGNITIVE WORKLOAD PROBLEM

Manual search over large SGB tables is slow, brittle, and hard to trace.

DESIGN e REVIEW o TEST ® TRAINING e
OPERATIONS

Motivation grounded in SGB cognitive-engineering literature: Feary et al. (2002); Sherry et al. (2001).
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BEHAVIOR SEMANTICS

SGB: Where the Structure Carries the Meaning

The model meaning is in the binding among fields — not in isolated text fragments.

e o e o e o e o e o e o e e e e e e e e e e e e e

H - H 11 - =
If Situation Goal Behavior . One SGB record =One Retrieval Unit
Combination of selected m———p  Purpose pursued by —  Selected output I 2 oy A1 ¥ H i
: i e Pnctions | Situation + Goal + Behavior remain bound together
\ ]

Behavior

Samplireg legquency

Atomic case boundary: Situation + Goal + Behavior stay bound together; one matrix column/case is one retrieval unit.

SGB semantics follow Feary et al. (2002), Sherry et al. (2001), and Sherry et al. (2021).
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RESEARCH GAP

Why Generic LLM / RAG Is Not Enough

Natural-language access is useful only if the engineering relationships survive retrieval.

Standalone LLM Fluent answers, but no guaranteed access to the exact behavior model.

Generic Chunk RAG Retrieves text, but arbitrary chunks can split situations, goals, behaviors, and

inputs.
SGB-Aware RAG Retrieves complete SGB records and returns an explicit trace to model
(ours) evidence.

How can an Al assistant interact with formal behavior models without destroying

RESEARCH GAP . ) ) : ) )
their engineering structure and semantic relationship?
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RESEARCH DESIGN

Research Question and Core Design Choice

“Does preserving the native structure of a behavior model during retrieval improve

recovery of complete, traceable engineering evidence compared with generic text
chunking?”

ONE COMPLETE SGB RECORD = ONE ATOMIC RETRIEVAL UNIT
SGB rules Transformed

Situation Goal Behavior Inputs Outputs Defaults

remain bound together
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METHOD

Converse-with-Me Architecture

Two stages: preserve structure at design time; preserve grounding at query time. QUERY-TIME GROUNDED
DESIGN-TIME INDEXING RETRIEVAL

User asks a Natural Language
Question
SGB Excel Workbook
Two-sheet SGBM table [

1 T 1 ~—
= OpenAl
Validate Workbook ; Embegdmg API 3‘ ’l Generate Query Embedding | Normalize query Structured SGB Records |
structure, headers, Case_ID alignment \—\k g /‘_, l

. -

Parse SGBM Tabular Representation ) Compare query vector
case, situation, goal, behavior Local Retrieval Index with stored SGB vectors

Calculate Word Qverlap boost

}

Calculate Exact Phrase boost |

structured SGB Records | |

| Calculate semantic score | Calculate lexical score |

Combine Semantic and Lexical
Scores

Rank and select top-5 SGB cases

—_— l e <"fy\
Per;tenl dal;ase Prepapre and send grounded context |~ OpenAl
storage question + retrieved cases + instructions Answer AP| \L)

\)\__J‘
l Structured Answer

OpenAl
Embedding API
model

Create RAG Text Representation
one SGB case = one chunk

l

Build SGB Record Embeddings |

Index

Local Retrieval Index
data .pki

Core idea: one SGB record = one retrieval
unit. The LLM explains only from the
retrieved grounded cases — the SGB

PROTOTYPE INTERFACE workbook remains authoritative.
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CASE STUDY

Municipal Water Emergency Response

A bounded operational model with enough combinatorial complexity to stress structured retrieval.

1 3 Inputs

Increase data
Y Increase data Substitute suppl Decreasing water Maintain suppl il
» Keep Normal gathering 5 PRI | contaminiation by . Use a substitute 5 PP!Y | Decrease usage by Emergency water E. Coli
GOAL A d with an aletrnative ! . Clean filter to : Manage demand | using alternative e us orasn or E.
Operations regarding increasing I d
= gafe source : treatment
water quality treatment intensity strat keeping track
of

Situation

35 Input States

Potential Input-State

248,832 Combinations i

Filcer

el

29 Active SGB Case — : , x : : x : x ,
Mappings
[ One matrix column / case = one complete retrieval unit ]

Expanded benchmark model described in the current manuscript: 13 inputs, 35 states, 22 SGB mappings.
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EVALUATION

Controlled Benchmark Design

Expanded since the accepted abstract: 150 diagnostic queries and explicit chunk-based baselines.

Benchmark design: retrieval unit x scoring mode x query support

Editable flowchart for SGB-aware retrieval evaluation

Retrieval unit Sparse scoring Dense scoring Hybrid scoring

BM25
sparse

Dense
semantic

SGB-aware units
complete records

Hybrid
weighted

SGB workbook
(authoritative model)

text chunks sparse semantic weighted

Generic units | ‘ BM25 | ‘ Dense | ‘ Hybrid

Metrics: Any-HR@k, All-HR@5, MRR@5, unsupported recall, false-supported rate

S

120 supported 30 unsupported
queries queries

All objects are editable PowerPoint shapes: boxes, labels, and connectors can be madified directly.

[ 2 retrieval units x 3 scoring modes | 120 supported queries + 30 unsupported queries ]
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Prototype Ul

Converse-with-Me
Query Input Panel
A lightweight Gradio Ul for the SGB-awal . - . 2 Situation-Goal-Behavior model and receive a grounded answer with an SGB trace.

Ask a question about the SGB model Converse-with-Me Answer
what should we do when the distribution systems pressure is less than 20 psi and greater than 10 psi? 1. Direct Answer

When the distribution system pressure is less than 20 psi and greater than 10 psi, you should:
- Initiate a field inspection for pipe rupture.
- Declare a potential contamination event.

2, Explanation

This guidance is based on the SGB case where the explicit situation is "Pressure of distribution system =< 20 psi"
(with no indication the pressure is below 10 psi). In this situation, the linked goal is to "Identify and assess a
possible contamination threat in the water system." The recorm ded behaviors are to "Initiate field inspection
for pipe rupture" and "Declare a potential contamination event." No explicit guidance for boil-water notices or
zone isolation is specified until the pressure drops below 10 psi. Other cases do not apply to this specific pressure

range.

Reset Input Button Generate Answer

3. Confidence

High

H
o
o
-
.
o
7}
=
o
3
74
o

The answer is based directly on an SGB case (C13) where the pressure situation matches "less than 20 psi" and

includes explicit behavior recommendations.
4, SGB Trace

Case ID: C13
Goal ID: G13

Goal: Identify and assess a possible contamination threat in the water system.
User Feedback / Error Reporting Button S T
Example Questions
B Flag

= Examples

Why would the system issue a boil-water notice? Under what situations does the system issue a boil-water not... What will the system do if pressure in the distribution syst... = Show the SGB trace for case C14.

UseviaAPl ¢ - Builtwith Gradio @ - Settings
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RESULTS

Main Result: Structure-Preserving Retrieval

Balanced hybrid configuration: 0.5 semantic + 0.5 BM25.

Any-HR@5 AU-HR@5 MRR®@5 Top-1 Errors

Chunk-Hybrid Chunk-Hybrid Chunk-Hybrid Chunk-Hybrid

94.2% 85.0% 75.1% 45
99.2% 91.7% 82.5% 33
+5.0 pp +6.7 pp +7.4 pp -26.7%

Takeaway: structure-preserving evidence units improved retrieval while
the ranking families remained comparable.

Current 150-query benchmark; balanced SGB-Hybrid vs balanced Chunk-Hybrid.
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Main retrieval benchmark across retrieval units and scoring modes

SGB-BM25

SGB-Dense

SGB-Hybrid

Chunk-BM25

Chunk-Dense

Chunk-Hybrid

B Any-HR@1 B AI-HR@5 W Unsupported Recall
0 Any-HR@5> I MRR@5

60 80 100

(=)
[
=
=~
o

Score (%)
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RESULTS
What the Results Also Reveal
Part 1 — sensitivity to semantic/BM25 weighting.
/ giine SENSITIVITY SUMMARY
( )
PEAK OPTIMIZATION
Weight sensitivity of SGB-Hybrid retrieval
100 | 1000 0.75 semantic
99.2 + 0.25 BM25
99 A
S :
Y 98 - : 7.5 0
o ; 100.0% Any-HR@5
o :
T 9741
> 95.0% All-HR@5
< 96
95 | orinhary highest ébsewed The balanced §etting remains the '
0.50{0.50 0.75{0.25 transparent primary reference; tuning shows
942 | : the conclusion is not tied to one weight
944 ! i ! ! choice.
0.00 0.25 0.50 0.75 1.00
Semantic weight w in hybrid score Ri(w) \_ Y,

Weight sweep in current manuscript: semantic weight 0.00 > 1.00.
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RESULTS
What the Results Also Reveal
Part 2 — performance varies by query type, and failure modes point to the next technical layer. PERFORMANCE GAP &
FAILURE MODES
e A
Performance aap bv auerv type
I Chunk-Hybrid ~ EEE SGB-Hybrid HARDEST CASE
+13.6 pp -4.5 pp +10.0 pp +4.5 pp 0 .
100 100 100 100 Broad multi-answer queries
100 + 95 95
All-HR@5 =62.5%

= 01 Why? Alternative emergency scenarios share

9\, heavily overlapping vocabulary and nearby

a 60 thresholds.

o

T

< 401 NEXT TECHNICAL NEEDS

20 - Field-aware ranking Threshold-aware matching
Structured multi-case aggregation
0- , N J
Trace Forward Multi-answer Paraphrased Reverse
combination condition shared supported output

Query-type analysis and failure analysis from the current benchmark.
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PROTOTYPE + FAILURE DIAGNOSIS

Prototype in Action — and What the Remaining Errors Tell Us

A grounded answer is useful only when the supporting SGB evidence is visible and inspectable.

EXAMPLE COMMAND-LINE OUTPUT

Direct answer > Explanation > Confidence > Explicit SGB trace

Top-1 errors

TOP-1 ERROR PROFILE

on Top-1 error profile by query type

Chunk-Hybrid N SGB-Hybrid
14

9 9 9 9
]
7
2
1]
Forward Paraphrased Multi-answer High Other
condition confusability

144

124

104

=
4

o

=
L

~N
L

(=3

Total top-1 errors 45 > 33 (-26.7%)

Largest reduction Paraphrased: 14> 8

Stillunresolved

Takeaway: the prototype already supports traceable interaction; the remaining challenge is better ranking of confusable
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and threshold-adjacent cases.
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