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Abstract

During heavy rainfall, drainage pump station operators must simultaneously assess water levels, forecasts, pump operation, and
response procedures. We propose an on-premise RAG safety-response chatbot that routes natural-language queries to manual
retrieval, real-time data calls, or general answers, normalizing all of them into a single response contract (ChatResponse). For
compound queries requiring both live data and procedural grounding in one answer, the system applies multi-round exploration
with deterministic manual augmentation. We evaluated 2,000 answers, produced by answering 500 questions with four open-weight
LLMs, using RAGAS. Three findings emerge. First, compound-query routing accuracy varied widely across models (0.55 - 0.87);
an ablation toggling deterministic augmentation on the same evaluation set showed that its contribution is not higher average
accuracy but a deterministic safeguard against the residual cases in which a model omits manual retrieval. Second, generation
stability, preventing empty answers and stalling, is a critical determinant of safety chatbot quality. Third, retrieval performance was
largely model-independent (Context Precision 0.51 -0.70), indicating that discriminating power arises in routing and generation
rather than retrieval. Finally, we document the rationale for implementing deterministic orchestration without an agent framework,
offering design and model-selection criteria for safety-critical RAG systems.

Keyword : Drainage Pump Station, On-premise RAG, Compound-query Routing, Deterministic Orchestration, RAGAS
Evaluation
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— Qdrant Hybrid (RRF)
— BGE-reranker-v2-m3 — top-k
rerank_score_threshold = 0.3

read-only

PostgreSQL

waterlevel - forecast - pump

Platform REST

entrance video analytics
entry/exit - occupancy - event

— =

[ build_response — ChatResponse ]

answer_type - sources - data - flags

T2l 1, A|AH] OFF|EIX
Fig. 1. System Architecture
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r ™
@ Entry
POST /rag/chat (single JSON) - /rag/chat/stream (NDJSON)
\_main.py (+ rag_proxy) J
¥
(@ Routing — function calling | o tool call—
chat_handler — OllamacClient.chat straight to @(general / fallback)
think=true - temp 0 (deterministic) )
¥ ™
(® Tool execution (multi-round < 3)
Run model-selected tools — append result
observe — act feedback
p S
v
= N\
@ Retrieval (search_manual)
BGE-M3 — Qdrant(RRF) — reranker — threshold
Below threshold — fallback, no generation 4
¥ N
© Composite augementation __, After augmentation -> back to
_needs_manual_augment: data-only + risk/response intent @® (next round, < 3)
— search_manual ZH| (one-way data—manual) )
v
- - \
® Synthesis generation
Ollamaclient.chat (no tools, think=false)
\_num_predict - repeat_penalty guards )
v
- - \
@ Response normalization
build_response — ChatResponse
\_sources - data - [n] - fallback - manual_miss - safety_sensitive )

03 2. B2 - g mo|zakel

Fig. 2. Question — Answer Pipeline
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Table 1. Question — Answer Pipeline Step-by-Step Processing
Stage Processing Key points

POST /rag/chat(single JSON) -

© Entry Irag/chat/stream(NDJSON)

input {query}; streaming is token-by-token

think=true- temp O (deterministic);

Routin tool selection via function callin
@ 9 9 no tool call = general

@ Tool execution run model-selected tool, multi-round (<3), observe — actfeedback
append result to messages
search_manual:
hybrid + rerank + threshold
data-only call + risk/response intent

— force search_manual

® Retrieval below threshold — fallback without generation

® Composite augmentation one-waydata — manual, one extra round

think=false- num_predict- repeat_penalty
(block hang/repeat)
Configuration of sources, data, citations, sources-data-[n]adjustment-fallback-
and flags manual_miss-safety_sensitive

® Synthesis generation synthesize final answer from tool results

@ Response normalization
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"4 . . .. . N\ over-trigger.
search_manual deterministic injection
response-procedure manual excerpt — append (one-way data —
L manual) )
]
4 . . )
Round 2 — synthesis generation
data (level-grade) + manual (procedure) both in context
grade = data (no [n]) - procedure = manual ([n] at sentence end)
\q J
! N\
ChatResponse (answer_type = composite)
sources = [manual evidence] - data = [level-grade] - text = ... [1][2] ...
J
O 3. 23 Felo| elecy g A2

Fig. 3. Round-by-round answer paths for complex queries



1108 "38hs)=fA) 43198 A53, 2026 99 (JBE Vol.31, No.5, September 2026)

AApel S Bl b o' A gt Response) 0. & @ ghe}. Af3h WA= 2@ A A7t o
O|ZNFE thad 2 AA FRAUM)S EEE A Azkel vigetd 22& 2 A w7E wA S (334
o) Be Ao Ruo] AAE oY T3S $E5E Y o] A ACIE), A E5 W9E Yot <& "I E Al
ofuk o|Z3tH HdI ZEZEJ ue} Ayt B s 75, sources-data- Z# 1 BEZS AA = Aol LA
A F s 7y, whEhA] Bd o) FEel 172 7uke] A A s stk YA A9t AR AEE A4S
B7FS Hg sfo|HYE o] 53 FES Hrt g4 + Ollama F& AW ZAA7F S& E5Y wolH, ojuj&=
O ThEth B AF e ol Rud B9 Aot B JEREH g o 914k ti4l HTTP 50302 A
295 Ed A3tk O9 32 AH A 1ol MYste £ Hes] g4k
59 doje] gt g AEE oA(d: 182 A=
g tf-g AA=?)9 3 Ao o714 4, 3.5 O0|ME AAER0IM Al Zai|2l93 D]FfE =A
o] AA A H7}to] oW Rulg ALESHE FLsHA 258t B Aol Ao] S5 ReAct AL (HE — 35 HE
of, Bdo] Aa A S FEshe AFE ATl E vEY gyl siFsAIRE, ool E 2 9] S(LangChain-
of Frh= Holth w2 Rdlo] A1) RH F & LangGraph )& AH&-3HA Geth(olEd B JXE A5

TE A SEY A Bkl YA ot 2 AM o] gel). £F 9-DB-AT 2to] e R Ollamas 44
FEHA geth B9 <9 Swol HoprAd dee] A HTTPE SZstH, HH 2h2E FL(F 32w &
it 25 AEole ‘U ZAE gulste xdo] §lo] TE ALY I 7Y &F 2348 v St ¢
B o] A% NYetA =tk gog HEge ¥ - g5 I ReActt ZAR
QE|ZSE 220 279} o9 A S} Zo] B A4 A8 #-3)(Plan-and-Execute) 2 1012 217142/
Ak FEe I KA 38eR)e] f3 HEo R A A A= (Reflexion)i= EHSA U
FEF o] FxHoR T Tyl Erl=si, AHA H ZH A=A} a3t o] HE HHS Mg etA] g A
7 9A] WhF SA] = 3% o] search manual®] 715 AT o= 2
wo] T WAelA EFA 22(Z7 @)l AAle] HEE
Hd 135 AR AFA o wHE dE xheh). 32k (1) 27873 72 773 b F8 EulRloll A& «of o]
TE &XE u7ix] g8t HRE BT dX] £k Ao A G TPl ek F2o] FFA ol £ A
T AEEHE o 9R2 FEEA geth oAl B JoE Al 2" BE TF $E§ ‘ChatResponse.tool calls’
AT HF I 35 13 Fsted, o] &+ & of It kEsh, Bk 71 7Ivke] AR A +F
7FAFEA BoHRE HU2 G o) EFE 35T A 5ol Ad kst s AAEA 5y 2 A
L, Jm7bA] FHE B Ao R " AE T s A 71 AZY Fre WAL S STHAIA S ol
Aot s FRAOE A N =] A8 A Al whETh
TF B, A &, A o o)E o8 AufsiA| i (2) b EWAY =3k« AS7t s A whir
FE3HE R AAE WStEo] Fx7} Al&E, QFTH A ANS FEEHA dethe 2HAE Bd] 28
S = Ade A &F W8 Al “AAZ deld gl ZE fFLovk ojEsHA] ¢, IEE 83| ZA st
= 7 A g = b E gRlel RhdEth A4 Al RTHEEEF vlolE — wiwdd). ZH AT A&
ol EF A3Hnum predict=1,536) WH3- A (repeat ALl AT A5 o] WS B3] ofgtt
penalty=1.3)% 7ol 73 Ad-w50 2 Q1% 7 F(hang) () A 2 A AT Tt Zd(gemmadiedb)dl] THE
= A, LLM 33 Aol = BF ob2(180%) 3 23] FH<3)E AAs AAE oS 7HsskA Pk
AANEE Fot olFA oH JEE FEIE HF HAE Plan ¥ t¢] ExecuteE 3 3111} Reflexion S &
= 9% Atz IFE AA @Y FH A KChat- A EshE WS % ot Ads S/



AdA o 19l WieHE FAYS 2xu s RAG AR A SALEH A AA thE LLM 7 1109
(Ilsik Chang et al.: Deterministic Orchestration Design and Multi-LLM Evaluation of an On-Premise RAG Chatbot for Drainage Pump Station
Safety Response)

OEESRELNRESEEE REE EER

X3 1 2y
M FAE oS ER7E L Beld s, X E v AdA ] ot
kil

>{E

of Reg Fok Hade) 92YS FuT IH E
= =0l H 7]ogth 3.6 9o =AM SEH(SUZ REST 2H))

(6) T8A: & =Rl Ao g “HlolE + HAp” P EHAYAE THEE, AAAAERE, T )
o 12F AFoR o] FolA glof, Ak Eall(Plan) < B A AlA ZHE AHE AR HolEHo] X~
A7) A Z(Reflexion) 2] ©]Fe] A ] otk kA (DB)ell A=, AL 4 DB A4 HLahA 3L
ReAct W2)9] #2 > 5o 247 B4 tgd  FYUE REST APIE Fal AT Z3alt ¢7] A48 2H7
Aoz BRGT, ok B A2 doldE 2 BACk 5 AHE AN CCTVH AP J4E 47
9 &1 (ReAct-Plan-and-Execute-Reflexion) 2] H| 2.5 Akl 3L, Q7 A AV AREEE 4 A e o]
urebd o ENE ARt 7 AldlE o FHE GBS AA

3] 98 B4 HolE(BAA)E AHEale] A BE 7

o, B A2 ReAct W49 BB o QB £ Fdn

zo] mHjel obd BWAS AYHOR g Ao
SALEG eI, ‘H 53 o] E I} ofy} Y 4. Aol A
¥ 2. 2 AAHT} 0f0|ME IjE(ReAct-Plan-and-Execute-Reflexion) H|w
Table 2. Comparison of this system and agent patterns (React, Plan-and-Execute, Reflexion)
Aspect This system ReAct® Plan-and-Execute!™® Reflexion!"”!
Framework none (direct HTTP) pattern pattern pattern
Tool orchestration custom loop (<3) dynamic plan then execute dynamic + retry
Observe — act feedback yes yes yes yes
Upfront plan decomposition no no yes no
Self-critique / trajectory revision no no no yes
Deterministic safety augmentation yes(keyword rule) no no no
Fallback gate (threshold) yes(rerank 0.3) no no no
Nondeterminism - latency low (predictable) medium medium - high high
E 3. B} Cl0JE PAY(REHolEY 28 )
Table 3. Evaluation dataset composition (number of items by type and difficulty)
Type (route) Total easy medium hard Notes
manual - operations 75 25 25 25 facilities - inspection - operations
manual - safety 65 22 22 21 disaster - crisis levels - reporting chain
manual - guideline 65 22 22 21 flood action guidelines - criteria
manual - video 30 10 10 10 entrance video operating guideline (counting - intrusion)
data 85 29 28 28 level - forecast - pump - history - threshold - recommendation
data - video 40 16 14 10 entry/exit - occupancy - events (REST)
general 80 27 27 26 domain-adjacent - out-of-domain (trap)
composite 60 20 20 20 data+manual - data+data - video+response
total 500 171 168 161 manual 47%-data 25%-general 16%-composite 12%
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qwen3.5:9b ~9.65B 0.24.0 ON strong Korean reasoning; pre-consolidation candidate
gemmad:e4db | ~4.5B (efficient) 0.24.0 toggle current single production model
gemma4:12b ~12B 0.30.7 ON large; requires newer Ollama
granite4.1:8b ~8B 0.24.0 OFF(Not supported) IBM Granite, --no-think
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Metric qwen3.5:9b gemmad:e4b gemma4:12b granite4.1:8b
Overall routing accuracy 0.88 0.88 0.77 0.69
operations 73/75 (0.97) 64/75 (0.85) 75/75 (1.00) 32/75 (0.43)
safety 64/65 (0.98) 57/65 (0.88) 65/65 (1.00) 34/65 (0.52)
guideline 64/65 (0.98) 53/65 (0.82) 65/65 (1.00) 24/65 (0.37)
data 79/85 (0.93) 81/85 (0.95) 57/85 (0.67) 81/85 (0.95)
general 55/80 (0.69) 75/80 (0.94) 33/80 (0.41) 79/80 (0.99)
composite 51/60 (0.85) 52/60 (0.87) 33/60 (0.55) 43/60 (0.72)
video (combined 70) 54/70 (0.77) 56/70 (0.80) 59/70 (0.84) 49/69 (0.71)
Trap over-trigger avoidance 44/57 (0.77) 50/57 (0.88) 28/57 (0.49) 42/57 (0.74)
Data-function match (avg) 0.435 0.762 0.473 0.714
Difficulty easy / medium / hard 0.90 / 0.87 / 0.88 0.86 / 0.91 / 0.86 0.83/0.75/ 0.74 0.67 / 0.76 / 0.62
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T 6. DY RAGAS X|E(X T 500%4)
Table 6. RAGAS metrics by model (total 500%x4)

Metric qwen3.5:9b gemmaé4:e4b gemma4:12b granite4.1:8b
Faithfulness 0.787 0.759 0.811 0.405
Answer Relevancy 0.691 0.755 0.635 0.481
Context Precision 0.697 0.622 0.642 0.509
(local token faithfulness cross-check) 0.951 0.965 0.950 0.885
Number of blank responses / 500 48 3 78 12
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Table 7. Dedicated performance for complex queries (60 items)

29 2% 59

A3, 20 WA

Model aRC‘;Etria”cgy RAGAS Faith | RAGAS Rel aﬁ?vsgs Seairrfgar;:;”a' Multi-tool (>2)
qwen3.5:9b 0.85 0.76 0.64 10 35 52
gemmad:edb 0.87 0.71 0.74 1 45 53
gemma4:12b 0.55 0.79 0.42 23 42 33
granite4.1:8b 0.72 0.57 0.39 0 36 54
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Table 8. Ablation of deterministic manual augmentation (60 composite items)

Forced Voluntary
Model Ollama augment OFF augment ON injection(ON) | search_manual(OFF)
gemmad:edb | 0.24.0 (Same as this experiment) 0.83 (50/60) 0.83 (50/60) 1 time 42/60
gemma4:12b | 0.30.7 (Same as this experiment) 0.47 (28/60) 0.47 (28/60) 1 time 40/60
gemmad:e4b 0.31.1 (Reference) 0.82 (49/60) 0.77 (46/60) 1 time 43/60
gemma4:12b 0.31.1 (Reference) 0.42 (25/60) 0.42 (25/60) 3 times 38/60
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Table 9. Controlled measurement of the runtime-version effect (same 500 items, code-scored)

Model Ollama Empty Response | Routing Accuracy | Trap Avoidance | Data-Function Matching
gemmaé4:e4b 0.24.0 (Main Experiment) 3/500 (0.6%) 0.876 0.877 0.762
gemmad:edb | 0.30.7 (Control Measurement) 4/500 (0.8%) 0.866 0.702 0.749
gemma4:12b 0.30.7 (Main Experiment) 78/500 (15.6%) 0.774 0.491 0.473
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Table 10. Performance of video analysis related queries (70 items)

Model video RAGAS Faith video RAGAS Rel video-data empty video-manual empty
qwen3.5:9b 0.76 0.59 19 0
gemmad:e4b 0.82 0.71 0 0
gemma4:12b 0.89 0.73 10 1
granite4.1:8b 0.46 0.58 1 0

T 1. DHY 2¢ S8 (answer_type) 22X ! 8l B 500712
Table 11. Distribution of response types (answer_type) by model and number of empty answers (per 500)

Model manual data general composite Empty/500
qgwen3.5:9b 159 144 179 18 48
gemmad:e4b 143 145 184 28 3
gemmad4:12b 192 84 184 40 78
granite4.1:8b 38 176 284 2 12
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