CASE STUDY - 18-SLIDE SUMMARY

Al-powered travel
RAG system

What it takes to give a pre-trained model better
retrieval and new capabilities, without it

breaking, leaking, failing silently or running up
the bill.

HUYEN TRAN - HUYENTRAN.TECH

x TravelRAG

Weekend in Rome, October

Rome in October is an ideal time to visit: mild temperatures (typically 15-20°C), fewer
summer crowds, and the city bathed in warm autumn light. This two-day itinerary covers
the ancient heart of Rome on Day 1 — the Colosseum, Roman Forum, and Palatine Hill —
and the historic medieval and Renaissance centre on Day 2, taking in the Pantheon,

& Download

Piazza Navona, and Campo de' Fiori. October opening hours apply throughout.

€460-800 For 2 travellers over 2 days: activities €144-€257, stays €176-€260, food &
local transport €140-€280. Excludes flights; approximate.
8 Typical October: 23° [ 14°, rain on ~10 days

DAY 1 Rome — Colosseo District ~

Colosseum & Palatine Hill (morning visit) Morning
Buy a combined ticket (valid for the Colosseum, Roman Forum, and Palatine Hill) online in advance to skip the
ticket queue. The Colosseum in October is open 08:30-18:30 (Oct 1 to last Sunday of Oct). Start here early to
beat the crowds. After touring the amphitheatre, walk to Palatine Hill, which includes the ruins of grand Roman
villas and excellent views over the Forum below. Allow around 1 hour for the Colosseum and at least 1 hour for
Palatine Hill.

® 2.5h @ Colosseum & Palatine Hill € 12-18

Wikivoyage: Rome/Colosseo

Roman Forum & Imperial Fora Morning
Walk from Palatine Hill directly into the Roman Forum — the political, legal and religious centre of the Roman
Empire. Wander among temples, arches, and the Senate House (Curia). Your combined ticket covers this.
Afterwards, cross Via dei Fori Imperiali to explore the Imperial Fora (Forum of Caesar, Forum of Augustus, Trajan's
Forum and Trajan's Markets). Allow 45 minutes or more for each section. An audioguide for the Forum can be
hired for €5.50.

® 2h ©® Roman Forum & Imperial Fora € 0-5.5

Wikivoyage: Rome/Colosseo

Lunch near the Colosseum — Trattoria Pizzeria Luzzi Afternoon
Head to this popular and affordable trattoria a short walk from the Colosseum. The menu features classic Roman
dishes such as pasta alla carbonara, trippa alla romana, and carciofi alla giudia. Pizza and focaccia are also
available. Noted as popular with both Italians and tourists and strikingly affordable for its location.

®© 1h  © Trattoria Pizzeria Luzzi € 10-20

Wikivoyage: Rome/Colosseo
Canitaline Miicaiime & Piaz7a dal Camnidaalin

Aftarnnon

Ask about any destination... >

&, Export to Notion
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AGENDA

From plan to production in three weeks

PART 1 - SLIDES 3-4

Overview

03 Product and core loop

04 Plan versus final product

PART 4 - SLIDE 15

Challenges

PART 2 - SLIDES 5-7 PART 3 - SLIDES 8-14
Planning Implementation

05 Goal and architecture 28 Ingestion

06 Tech stack and model routing 09 Retrieval and generation
07 Why RAG over alternatives 19 Live map

11 Trip planning and export
12 Evals, providers, observability
13 Corpus swap for compliance

14 Deployment and guardrails

PART 5 - SLIDE 16 PART 6 - SLIDE 17

Results Learnings

15 Fourteen issues in five groups

TRAVEL RAG CASE STUDY

16 Performance, quality and cost 17  Six lessons for the next system
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OVERVIEW

OVERVIEW @O

Ask a question, get a grounded answer, see it on a map.

THE CORE LOOP

Ask

a travel question

Answer
grounded, with sources

Map

places pinned live

Plan
a day-by-day trip

Keep

download or Notion

3 weeks

from first extraction to public launch (16
planned)

TRAVEL RAG CASE STUDY

34 TravelRAG

winding ancient lanes, a genuine workout on foot (or take the historic yellow trams). Key sights within
it:

Lisbon Cathedral (Sé de Lisboa)

St. George's Castle (Castelo de Sdo Jorge)

Baixa (Lower Town) — The grid-pattern downtown rebuilt after the 1755 earthquake. Anchor points:
Praga do Comércio — grand waterfront square with an equestrian statue and yellow buildings
Praga dos Restauradores, Praga Dom Pedro IV, Praga da Figueira — all worth a stroll
Santa Justa Lift — connects Baixa to Chiado and is a landmark in itself

Bairro Alto [ Chiado — The trendy, youthful upper district. Beyond the nightlife, look for:

S3o Bento Palace (Portuguese parliament)

Museu Nacional de Arte Antiga

Lisbon Botanical Gardens

Belém (Western Riverbank) — Packed with monuments:

Torre de Belém — the most iconic Manueline-style structure in the city

Jerénimos Monastery

Monument to the Discoveries

National Coach Museum & Navy Museum

Parque das Nagdes (Expo "98 site) — Modern and family-friendly:

Oceanarium — huge aquarium, popular with all ages

Pavilion of Knowledge — interactive/educational exhibits

Aerial cable cars for river views

Other Notable Sights

Calouste Gulbenkian Museum — in the northern parkland area

Parque Eduardo VIl

Cristo Rei — the Christ the King statue across the river in Almada, visible from Lisbon

Ponte 25 de Abril — the striking suspension bridge often compared to the Golden Gate

22,044 0.6

Wikivoyage chunks across 114
destinations

@ Claude (Anthropic) ~ &
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OVERVIEW OVERVIEW @@

A ruthless MVP: ship the core loop, defer the rest.
then hardening in production: 35 pull requests in October 16 weeks planned

CORE LOOP KEEP AND SHARE TRIP CONTEXT TRAVEL TOOLS PLATFORM
v Cited chat answers v Download (Markdown) v Weather X Hotetsearch @ Second provider: Groq
v Live map pins ¢ Notion: public shared Images X Hightand-weatheralerts Accounts, saved chats
) page
v Trip plans Local Ollama model
Calendar invites
© Corpus: Lonely Planet — @ Nightly evals = on
Wikivoyage demand
v shipped © changed x cut

Every cut and deferral was effort against value, logged with a trigger for coming back. Two changes were forced: copyright (the corpus) and a retired model (the
provider).

TRAVEL RAG CASE STUDY 4 / 18



PLANNING

A production-quality assistant, not a demo.

THE GOAL (real authentication) (product analytics) (LLM tracing) (app traces) (error tracking) (CI/CD) (all in the EU)

1- Ingestion 2 - Retrieval 3 - Generation

clean, chunk x3, embed route, top 50, rerank to 5 FastAPI streams over SSE

PLANNING

4 - Product

map, trips, export

(_NONO)

Neon Postgres + pgvector Voyage Claude / Groq
Frankfurt embed + rerank chat, trips

Mapbox - Open-Meteo
map, weather

One document, ARCHITECTURE.md, was the single source of truth: goal, locked stack, phase plan with acceptance criteria and a cost reserve. Every phase closed

by updating it to match what shipped.

TRAVEL RAG CASE STUDY
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PLANNING

Each choice earned its place; each task went to the
cheapest model that does it well.

MODEL ROUTING

TECH STACK

BACKEND Python, FastAPI
async, Pydantic for LLM output

FRONTEND React, Vite, shadcn/ui
a single-page app is enough

DATA + VECTORS Neon Postgres + pgvector
one database, 22k chunks

EMBEDDINGS Voyage 3 lite + rerank-2
$0.18 for the whole corpus

PLACES spaCy + Claude Haiku
free first, model as fallback

MAPS Mapbox
geocoding + landmarks, one API

LIMITS, JOBS Upstash Redis
atomic counters, cost cap

HOSTING Fly.io + Vercel
~€10/month, EU region

TRAVEL RAG CASE STUDY

CHAT ANSWERS
Claude Sonnet 5.5 - thinking off for a fast first word

TRIP PLANNING
Claude Sonnet 5.5 - planned as Opus; Sonnet was 3-4x faster

PLACES, EVAL JUDGE
Claude Haiku 5.5 - small, frequent, cheap

ALTERNATIVE CHAT
GPT-0SS-120B on Groq - proves the provider abstraction

EMBED, RERANK
Voyage - same model for documents and queries

PLANNING @ @O

The 4.6 — 5.5 upgrade: trips 55-77 s = 30 s and made-up facts 2 — 0 of 12, but a new
tokenizer counts ~40% more tokens, so cost per trip fell only ~10%.

6 / 18



PLANNING PLANNING @ @@

Why BAG: choose the context method from the data.

RAG v FIT 00000 Long context FIT @ Fine-tuning FIT @
> > answer > $$$ train' '/ . > answer
' ' . ' . every question v ,'.
top 5 e
corpus the whole corpus in the prompt facts baked into weights
BEST WHEN Large, changing corpus; answers need sources BEST wWHEN Small, stable documents BEST WHEN Teaching style or format
HERE A source on every claim; a few thousand tokens per HERE Corpus far too big; every question pays for all of it HEre No citations; retrain whenever the guides change
question
Knowledge graph FIT 0@ Tree index FIT 00® Agentic search FIT @@
o © - == .
o how is A — search —» read P search
. related to B?
. ‘ . several model calls per answer
BEST WHEN Questions about relationships BEST WHEN Long documents, broad to narrow BEST WHEN Open-ended research
HERE Travellers rarely ask them; 3-5 weeks to build HERE Borrowed: chunks at 3 sizes, linked to their parents HErRe Slower and costlier per answer

Chosen: RAG, plus two ideas borrowed from the others: chunks at three sizes (tree) and a small destination — district map (graph).

TRAVEL RAG CASE STUDY 7 / 18



IMPLEMENTATION IMPLEMENTATION @O OOOOO

Ingestion: 38 PDFs to a vector store.

38 PDFs Extract Clean Chunk x3 Embed

Lonely Planet pdfplumber cleaner.py linked to the parent Voyage 3 lite
400-900 pages each fallback on 0.4% of pages 226 ligatures repaired three sizes vector(512), HNSW index

answers questions like

Paragraph 100-200 tokens “Opening hours of the Alhambra”

Section 500-800 tokens "What's Andalusia like?"

Documents and questions are embedded by one shared package, so they always use the same model. The cleaner also drops 1,003 front-matter pages, running
headers and reversed sidebar text.

TRAVEL RAG CASE STUDY 8 / 18



IMPLEMENTATION IMPLEMENTATION @@ OOOOO

Retrieval and generation: route, search wide, rerank
narrow, stream.

Question Query router Vector search Rerank Stream

“things to do in winter in Vienna" granularity + destination + season top 50 chunks Voyage rerank-2 — 5 answer + sources over SSE

Precision@5, 10-query comparison

—>00000 0.62 vector search only
top 50 from vector search best 5 after rerank 0.84 with the reranker
Destination gazetteer Season-aware search SSE, not WebSocket
“Granada” resolves to Spain, not Nicaragua. A month or season adds that season’s weather and The stream only goes one way and passes cleanly
events to the search. through HTTP/2 proxies.

TRAVEL RAG CASE STUDY 9 / 18



IMPLEMENTATION IMPLEMENTATION @€@@®@O0O0OQO

Live map: every place in the answer, pinned as it streams.
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Ask about any destination... =

A wrong pin is worse than no pin: fuzzy geocoding once put “Porto” on Portugal and landmarks in same-named towns, so matching is strict.
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IMPLEMENTATION

IMPLEMENTATION 0 ®@@®@®0O0OO

Trip planning: a validated plan in about 30 seconds.

34 TravelRAG

Structured output

an Itinerary validated by a Pydantic schema, one warning
retry with the error

Not applicable for October, but note many closures happen in August.

Free ent Colosseum and Roman Forum are free on the first Sunday of the month (no
T

24 reservation). If your weekend falls on the first Sunday, plan around the crowds.
Don't order a cappuccino after 11am — it's considered very un-Italian. Order caffé
Coffee rule =
(espresso) instead.

Where to Stay (Near the Ancient Sites)

Respects the user
their own hotel, their dates, places to skip

Budget: Sandy Hostel, Via Cavour 136 — dorms from €9, halfway between Termini and the Forum.
Mid-range: Hotel Labelle, Via Cavour 310 — from €88 double, family-run, close to the Forum.
Guesthouse: Sunset Roma Guest House, Via dei Serpenti 97 — €90-150, cosy, Wi-Fi and breakfast
included.

(All prices from guide excerpts and should be verified before booking — rates will vary by season and
availability.)

Cost from the plan

the total is summed from the plan, not guessed; ,
weather for every day

CLAUDE - FRONTIER

5 sources

A Weekend in Rome in October

&, Export to Notion

ctober is an ideal time t P—
Background job e Colseum Foman o, r P i olowe
start, then poll every 3 s: phones dropped the two- caso-a30 o
minute request cal October: 25° 14, ran on 10 days
. DAY 1 Rome — Ancient Rome (Colosseo district) ~
Keep it ,
Colosseum, Roman Forum & Palatine Hill Morning

'd at the Flavian Amphitheatre (

Markdown download, or a public Notion page (100
blocks per call)

ts. Buy tickets online in

valid for 24 hou

Lunch near the Colosseum — Trattoria Pizzeria Luzzi

After the mornina at the ancient sites. Trattoria Pizzeria Luzzi on Via di San Giovanni in Laterano. a short walk from the

Ask about any destination.. >

~30 s

per plan (was 70-120 s)

TRAVEL RAG CASE STUDY
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34 TravelRAG

@ Claude (Anthropic) )

Weekend in Rome in October

Rome in October is an ideal time to visit: the summer
crowds thin out, the heat eases to pleasant
temperatures (around 18-22°C), and the city's
ancient monuments, baroque piazzas and
Renaissance churches are at their most atmospheric.
This two-day itinerary covers the iconic ancient heart
of Rome on Day 1 — Colosseum, Roman Forum and
Palatine Hill — and the charming medieval and
baroque Old Rome district on Day 2, including the
Pantheon, Piazza Navona and Campo de' Fiori

€500-830 For 2 travellers over 2 days: activities
€180-€310, stays €176-€240, food & local transport
€140-€280. Excludes flights; approximate.

8 Typical October: 23° [ 14°, rain on ~10 days

& Export to Notion & Download

DAY 1 Rome — Colosseo & Ancient Rome ~

Colosseum Visit Morning
Start the day early at the iconic Colosseum (Flavian
Amphitheatre), capable of seating 50,000
spectators. Book tickets online in advance to avoid
long queues; the combined ticket also covers the
Roman Forum and Palatine Hill and is valid for 24
hours. In October (1st to last Sunday of Oct) the site
is open 08:30-18:30. Arrive at opening to beat the
crowds.

®2h @ Colosseum € 12-14

Wikivoyage: Rome/Colosseo

Ask about any destination... =

the same card on a phone
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IMPLEMENTATION IMPLEMENTATION 000 ®@®@0OO

Evals, providers and observability: measure everything
that can drift.

EVAL SET BY CATEGORY TWO PROVIDERS, ONE PROTOCOL FOUR OBSERVABILITY TOOLS
racarrecal (D Langfuse
Claude GPT-0SS on Groq
) LLM traces, cost, eval datasets
Y
comparison (D - ) Sentry
LLMProvider Protocol
Multi-hop _ 7 errors by provider and release
Each provider declares its capabilities, so a missing one
Edge case _ 7 returns HTTP 400 before the stream opens, never mid- PostHog
) stream. Groq retired Llama 3.3; the swap was config )

Adversarial _ 7 only funnel: chat — trip = export

56 questions, judged by Claude Haiku

OpenTelemetry
Three separate metrics, not one composite: retrieval

recall, citation accuracy, judge score. A trip-consistency
check plans the same trip repeatedly.

request spans to Better Stack

TRAVEL RAG CASE STUDY 12 / 18



IMPLEMENTATION IMPLEMENTATION 0 000®@®@6@O0

Swapping the corpus for launch: copyright decided the
data.

PRIVATE - LOCAL ONLY PUBLIC - CC BY-SA
Lonely Planet Wikivoyage
- 22,0 0.8
38 100k + . 044 14 Jl
copyright

guidebooks chunks audit chunks destinations to embed
Licensed for purchase, not for redistribution to anonymous web users. 275 articles. The chunker and pipeline needed zero changes: one new
Kept in a separate database that is never deployed. adapter parses wikitext into the same document shape.

The backend binds exactly one database at start-up, and production only holds the public database’s address.

TRAVEL RAG CASE STUDY 13 / 18



IMPLEMENTATION IMPLEMENTATION 0000000

Deployment: small, EU-hosted, guarded where money is
spent.

CI ON EVERY PULL REQUEST

Cruﬁ) <mypy —-strict) (pytest) (eslint) (tsc)
Neon Postgres
pgvector, public corpus

Only the newest commit on main is deployed.

FastAPI on Fly.io
SSE
Browser —— Frankfurt - one always-on machine

LAUNCH GUARDRAILS
Upstash Redis

rate limits, cost cap, jobs 5
/min

per IP, fails closed

React on Vercel

~€10 / month

Claude - Groq - Voyage

models

€,I O /day

cost cap, alert at €5

TRAVEL RAG CASE STUDY 14 / 18



CHALLENGES CHALLENGES @

Almost none of the hard problems were about the model.

Contracts -3 Measurement -2 Production .4 Dependencies -3

Dirty PDFs Embedding drift Judge scored 30.67% Cold starts (57P01) Free Redis deleted
— cleaner + 38-book audit — one shared embedding — schema cap raised; failures — pool connection check — new Redis + daily keep-
package logged alive
Wrong map pins Open cost tap
— strict matching, Wikivoyage Groq 413 at 35,846 tokens No frontend errors — fail-closed limiter + €10/day Groq retired the model
first — per-task max_tokens caps — ad blockers; tunnel deferred cap — swap via config
A cache that never hit Trips failing on phones Credit ran out
— cache the trip planner’s — start a job, poll every 3 s — top-up; generic error
4,200 tokens message

Misread trip requests
— pass the user's message

14 issues in five groups, each with a symptom, a root cause and a fix. Only one was about model quality; the rest were data, contracts, measurement, production
and services | don't control.

TRAVEL RAG CASE STUDY 15 / 18



RESULTS RESULTS @

Public, rate-limited, cost-capped and observed in
production.

0.6. 1.3. 0.84 0/12

first word, warm (~9 s on a cold retrieval end to end precision@5 with the reranker (from made-up facts in the model-upgrade
database) 0.62) A/B

56 576 €,IO /day ~€,IO /mo

eval questions in 6 categories tests: 427 backend, 149 frontend cost cap, alert at €5 running cost, plus usage

Time per trip plan Cost per trip plan
70-120 s before $0.13-0.16 before

Trip plans after prompt caching, shorter output and the Sonnet 5.5 upgrade

TRAVEL RAG CASE STUDY 16 / 18



LEARNINGS LEARNINGS @

What I’d carry into the next system.

original plan

hotels X copyright - swap

trips — polling

PLANNING
Re-plan as you learn

Every deferral logged with a trigger to come back.

time 70-120 s

G 3o

cost $0.13-0.16
G ;oo

per trip, measured before and after

COST

Watch cost and latency from day one
Cap, alert, and measure every change.

TRAVEL RAG CASE STUDY

14 failures, named and grouped

@ El ENES

. . data contracts measure production services
RAG long ctx fine-tune graph tree agentic

chosen from the data and the questions only 1was about model quality

CONTEXT MEASUREMENT
Choose the context method on Name how it fails
purpose

Evals, traces and a failure taxonomy before shipping.
RAG here; a graph only when relationships matter.

price per token

=8
=B

providers swap; features unplug

tokens per text

cut cleanly cost per trip . -10%

Sonnet 4.6 — 5.5: compare per task
HARNESS
Build for swappable parts

Providers behind one interface, features as modules.

MODELS

Upgrade models like a dependency
A small A/B on a fixed judge, judged per task.
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THE SHORT VERSION

The model is the core component. Al engineering is
everything you build around it so that it stays
grounded, affordable and observable in production.

reap huyentran.tech/writings/travel-rag-case-study TrRY Mini-travel-rag.vercel.app
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