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A Appendix
A.1 Train Test Performance on 10 destinations
The Figures 12 and 13 present the model’s performance on both test and train datasets, measured by the average weighted F1 score across 10
destinations. Results are averaged over !ve runs per destination, with standard deviation included to indicate variability in performance.
Note that Figure 1 is a summarized version of this plot showing the performance averaged over all the destinations for each method. We
observe that ProTeGi has either best or at par test performance for almost all the 10 destinations.
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Figure 12: Test weighted F1 (averaged over 5 runs) on Top 10 destinations
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Figure 13: Train weighted F1 (averaged over 5 runs) on Top 10 destinations
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A.2 Metrics
This task is a standard multiclass classi!cation problem, where macro F1 and weighted F1 are common evaluation metrics. As shown in
Figure 4, the label distribution is highly imbalanced, with several classes appearing fewer than three times across major destinations. This
skews the evaluation: macro F1, by weighting all classes equally, drops signi!cantly compared to weighted F1, which accounts for frequency.

Table 2: Per-class F1 scores for Lisbon

Label F1 Score

City Sightseeing Cruises 1.0000
Culinary Exploration Tour 0.9756
Lisbon City Tours by Land 0.9684
Sintra & Coastal Highlights 0.9268
Sintra Day Tours 0.9143
Workshop or Class 0.9091
Sacred & Holy Sites 0.8889
Coastal & Scenic Tours 0.8571
Nearby Cities and Town 0.8571
Vineyards & Wine Tasting 0.8571
Transfer 0.8000
Combo Experience Tour 0.5714
Historical Tour 0.5000
Bar Hopping 0.0000
Iconic Sites Tour 0.0000
Lisbon Hills 0.0000

Figure 14: Confusion Matrix for Lisbon

As shown in Figure 14, in the Lisbon dataset, rare classes like Bar Hopping, Iconic Sites Tour, and Lisbon Hills each incur just a single error
(false positive or false negative), yet receive an F1 score of zero due to macro F1’s sensitivity. While such edge cases are heavily penalized
under macro F1, they have limited impact on real-world utility, where frequent classes dominate and labels serve primarily as metadata
or !lters on Viator listing pages. Given this, we adopt weighted F1 as the primary evaluation metric, as it better re"ects overall labeling
performance in imbalanced classi!cation tasks where broad coverage across frequent categories is prioritized.
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A.3 Sensitivity to Label List Formatting in Prompt Templates
We report the sensitivity of APE, OPRO and APE-OPRO to variations in label list formatting in the graph below. As the results demonstrate,
all three methods exhibit robustness to such formatting changes, with no signi!cant impact on performance observed.
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Figure 15: E!ect of Label list formatting in prompt templates on OPRO, APE-OPRO, and ProTeGi

For illustration, we provide the prompt templates corresponding to the three label formatting variants used in our experiments below.

A.3.1 Initial system prompt forma!ing with Hyphen.
System Prompt with hyphen formatting

You are an expert in travel experience products. Your goal is to give most appropriate label for the product given its description
from the following unordered list:

List of labels:
- label 1
- label 2
- label 3

Treat all labels as equally likely and independent of their position in the list. You must carefully read the product description and
select the single most !tting label.

A.3.2 Initial system prompt forma!ing with numeric.
System Prompt with numeric formatting

You are an expert in travel experience products. Your goal is to give most appropriate label for the product given its description
from the following unordered list:

List of labels:
1. label 1
2. label 2
3. label 3

Treat all labels as equally likely and independent of their position in the list. You must carefully read the product description and
select the single most !tting label.

A.3.3 Initial system prompt forma!ing with alphabets.



Prompt Smart, Pay Less: Cost-Aware APO for Real-World Applications Conference acronym ’XX, June 03–05, 2018, Woodstock, NY

System Prompt with alphabet formatting

You are an expert in travel experience products. Your goal is to give most appropriate label for the product given its description
from the following unordered list:

List of labels:
a. label 1
b. label 2
c. label 3

Treat all labels as equally likely and independent of their position in the list. You must carefully read the product description and
select the single most !tting label.
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A.4 APE OPRO vs OPRO

A.4.1 Best prompt of iteration 1 in Amsterdam for APE-OPRO.
APE-OPRO best Prompt for Amsterdam in Iteration 1

You are a specialist in travel experience products. Given a product description, your task is to assign the most suitable label from the
following unordered list:
List of labels:
- Amsterdam City Exploration by Land
- Art Gallery & Museum
- Bar Hopping
- Canal Cruise
- Combo Experience Tour
- Countryside & Nearby Towns
- Cross-Border Excursion
- Event & Show
- Food Tours
- Historical Tour
- Immersive Experience
- Other Experiences
- Seasonal Tulip Tour
- Seasonal/Festive Tour
- Transfer
- Vineyard / Wine Tasting
Each label should be regarded as equally probable, with no relation to their order in the list. Analyze the product description
thoroughly and select only one label that best corresponds to the product. Respond with your selection in this JSON format:
{
"label": "<Most appropriate label for the product>"
}

A.4.2 Best prompt of iteration 1 in Amsterdam for OPRO.
OPRO best Prompt for Amsterdam in Iteration 1

You are an expert travel product classi!er for Amsterdam and its surrounding regions. Your task is to assign the MOST accurate,
single label to a given travel product based solely on its description. You must focus on identifying the **core activity or primary
thematic focus** of the product, not on super!cial details or secondary activities. Only select from the labels below, each de!ned
with precise parameters to ensure distinct and non-overlapping categories. If a product appears to !t more than one category,
choose the one that best represents its central experience.

**Label De!nitions** (Use these exact distinctions—do not combine categories):

- **Amsterdam City Exploration by Land**: Experiences where the **primary focus is discovering Amsterdam by land**
(on foot, bicycle, Segway, bus, or car). May include themed walking, bike tours, architecture walks, highlights of city neighborhoods,
or guided street explorations. Does NOT include activities centered on canals/water, museums, bars, or food tastings as their main
element.

- **Art Gallery & Museum**: Products centered on **visiting art galleries, museums, or exhibitions** where the **main
purpose is appreciating visual arts, historical artifacts, or curated displays**. Includes guided or self-guided museum/gallery visits,
but DOES NOT include hands-on creative workshops, event-based experiences, or historical tours outside museum grounds.

- **Bar Hopping**: Experiences where the central activity is **visiting multiple bars/pubs** (can include tasting local
drinks, nightlife crawls, or socializing in Amsterdam’s bar scene). This category EXCLUDES food tours, wine-focused experiences,
and isolated visits to a single bar.
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- **Canal Cruise**: Products where the experience **takes place chie"y on Amsterdam’s canals or surrounding water-
ways**, using boats, private or group cruises, or historic vessels. Tours must focus on **navigating waterways**, possibly including
scenic, themed, or dinner cruises. Excludes land-based city tours, museums, or non-cruising activities.

- **Combo Experience Tour**: Products that **intentionally combine two or more distinct activity types or destinations**
of comparable signi!cance, where no single experience dominates. Example: a tour split equally between a canal cruise and a
museum visit, or a day trip including a town visit and a wine tasting. Assign ONLY when the core structure is multi-activity by design.

- **Countryside & Nearby Towns**: Tours departing from Amsterdam to **explore rural landscapes, villages, or small
towns in the surrounding region** (such as Zaanse Schans, Volendam, Edam, Marken). Main activities may include walking in
villages, windmill visits, cheese farm stops, or nature landscapes—NOT focused exclusively on food, wine, or tulips.

- **Cross-Border Excursion**: Experiences involving **international travel outside the Netherlands** (e.g., day trips to
Belgium or Germany), where discovering foreign destinations is the primary focus.

- **Event & Show**: Products where attendance at a **scheduled entertainment, performance, concert, sporting event, or
cultural show** is the central component. Does not include standard sightseeing tours with incidental performances.

- **Food Tours**: Tours where the **main purpose is sampling and learning about local Dutch or international food**,
usually via stops at multiple eateries, markets, or tastings. Excludes wine/vineyard tours and bar hops unless the experience clearly
centers on food.

- **Historical Tour**: Experiences focused on **Amsterdam’s or the region’s history, heritage, or historical !gures**, typi-
cally with a narrative or educational component. May include walking tours or visits to historical sites, unless the core venue is a
museum (see “Art Gallery & Museum”).

- **Immersive Experience**: Hands-on, participatory products not !tting other categories, where the guest is **active in
creating, learning, or role-playing** (e.g., creative workshops, escape rooms, virtual reality, crafts, or skills training). Does NOT
include passive sightseeing or regular museum/gallery visits.

- **Other Experiences**: Any product that **does not !t ANY OTHER category** described above. Assign this ONLY if
classi!cation into the other well-de!ned types is not possible.

- **Seasonal Tulip Tour**: Experiences **with tulip viewing as the central focus**, typically available only during the
tulip season, including trips to Keukenhof, bulb !elds, or special "ower parades.

- **Seasonal/Festive Tour**: Experiences tied to **speci!c holidays, festivals, or recurring annual events** (e.g., Christmas
markets, King’s Day, Light Festival) where the seasonal/festive aspect is the main draw—EXCLUDES tulip-based experiences.

- **Transfer**: Purely **transportation-focused products** (e.g., airport-city shuttles, private car transfers, non-scenic rides) with no
touristic stops or guided sightseeing elements.

- **Vineyard / Wine Tasting**: Experiences centered on **visiting vineyards, wine cellars, or wine bars** where the main
activity is **learning about, tasting, or pairing wine**. Does NOT include general food tours, bar hops, or countryside sightseeing
unless wine is clearly the core element.

**Instructions:**

- Carefully read the description and distill the essence of the experience.
- Prioritize classifying by **core activity** as de!ned above, not by incidental or supporting features.
- When uncertain, refer to the speci!c exclusions listed in each category to avoid misclassi!cation.
- Assign only ONE label per product for maximum clarity and accuracy.

Classify the following product description accordingly:
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{Product Description}

A.4.3 Best prompt of iteration 4 in Amsterdam for APE-OPRO.
APE-OPRO best Prompt for Amsterdam in Iteration 4

You are a classi!cation expert specializing in travel experience products. Your assignment is to categorize each product based on its
description using exactly one of the provided labels. To maximize precision, adhere strictly to the detailed, mutually exclusive
de!nitions outlined below.

Instructions:

- Read the product description: with a focus on identifying the single, central activity or unifying theme that de!nes the
participant’s primary motivation for booking the experience.
- Apply the label de!nitions rigorously: When elements of multiple categories are present, prioritize the activity that constitutes the
largest portion of time, content, or promotional emphasis.
- Imagine explaining your categorization to a skeptical reviewer: your choice should be clear, defensible, and unambiguous.
- Disregard the order, frequency, or presumed relevance of the labels: each label has an equal probability.
- Select only one label: If absolutely no label !ts, use "Other Experiences." Avoid defaulting to this unless truly necessary.

**Label List with Distinctive De!nitions**

- **Amsterdam City Exploration by Land**
- Tours and experiences centered on physically traversing Amsterdam (on foot, bicycle, bus, or similar methods) entirely within city
limits, with an emphasis on discovering neighborhoods, landmarks, hidden gems, or themed areas—explicitly excludes water-based
activities or single-location visits.

- **Art Gallery & Museum**
- Visits where the principal purpose is viewing curated or conserved collections of art, culture, history, science, or heritage within
formal gallery or museum institutions. No broad city exploration, multi-stop tours, or immersive role-play elements.

- **Bar Hopping**
- Experiences de!ned by visiting multiple bars, pubs, or lounges in a single session—with a focus on sampling drinks, socializing,
and nightlife. Not a food tour, not con!ned to a single venue, and not focused on live shows or performances.

- **Canal Cruise**
- Any trip where the de!ning feature is a boat journey through Amsterdam’s canals (or directly connected waterways)—the
main attraction is being on the water. Cruises must be the journey’s primary purpose, regardless of add-ons (e.g., dining, commentary).

- **Combo Experience Tour**
- Pre-packaged products that intentionally blend two or more substantially di#erent experiences (e.g., a museum visit + canal cruise,
cycling + wine tasting), where each activity is signi!cant and would independently be o#ered as a stand-alone product.

- **Countryside & Nearby Towns**
- Tours that take participants out of Amsterdam, focusing on rural landscapes, traditional villages, regional attractions, or notable
small towns within the Netherlands—does not cross international borders. May involve farms, windmills, cheese markets, or similar.

- **Cross-Border Excursion**
- Journeys whose main goal is to visit a destination located outside the Netherlands (e.g., Belgium, Germany)—the emphasis is on
the foreign locale, and Dutch countryside may be traversed only as transit.

- **Event & Show**
- Tickets or packages where attending a planned live event (concert, theater, festival, sports, comedy, or unique one-time happenings)
is the core focus. Does not include multi-venue bar nights or standard sightseeing.
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- **Food Tours**
- Guided routes designed around sampling multiple food items or dishes at di#erent locations, often with educational commentary
on Dutch or local cuisine. It must not revolve solely around drinks, a single meal, or a !xed location.

- **Historical Tour**
- Guided or self-guided activities structured around conveying signi!cant historical knowledge—these may address major events,
!gures, or heritage sites, and require an explicit emphasis on history as the unique selling point.

- **Immersive Experience**
- Interactive or participatory activities where visitors actively engage—physically, virtually, or theatrically—in an environment that
simulates, gami!es, or transforms reality (e.g., escape rooms, VR attractions, live-action role-play). Not just observational or passive.

- **Other Experiences**
- Activities that do not !t any label above—these are edge cases or uniquely specialized o#erings not described by any other category
(e.g., unusual wellness sessions, niche creative workshops, or experimental attractions).

- **Seasonal Tulip Tour**
- Tours timed around the spring tulip season, with the main draw being visits to tulip !elds, bulb farms, or dedicated tulip gardens.
Tulip observation must be the marketable highlight.

- **Seasonal/Festive Tour**
- O#erings built primarily around holidays, festivals, or speci!c periods other than tulip season (e.g., Christmas markets, King’s Day,
winter light festivals), where timely, themed activity is the chief attraction.

- **Transfer**
- Products designed exclusively for transportation—one-way or round-trip—between two or more locations (airports, hotels, cities),
with no signi!cant guided content, stopover activities, or sightseeing en route.

- **Vineyard / Wine Tasting**
- Experiences dedicated to the appreciation and learning of wine, including visits to vineyards, cellars, or wine bars with guided
tastings. Food may accompany but is not the highlight, and tours must not be part of broader multi-theme packages unless wine is
the main advertised focus.

- **Workshop or Class**
- Main purpose is live, hands-on instruction—culinary, craft, sport, or language—where each guest !nishes with a new concrete skill,
knowledge, or creation. Passive observation, meal sampling, or event attendance is insu$cient.

- **Zoo & Aquarium:
- Visits to recognized facilities curated to house, study, and display living species in safe, contained environments, emphasizing
education and diversity. Wild animal tours at sea or in outdoors, and short animal encounters without substantial facility-focused
learning, do not qualify.

Classi!cation Procedure (Hypothetical Application):

Suppose a product o#ers a cycling tour from Amsterdam to a nearby cheese-making village, followed by a visit to a tra-
ditional windmill. Focus on:
- Are the main activities exploration of Amsterdam (no), rural Dutch life (yes), or food/wine (secondary)?
- Label: “Countryside & Nearby Towns,” as the central focus is venturing out of Amsterdam for cultural exposure.

A.4.4 Best prompt of iteration 4 in Amsterdam for OPRO.
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OPRO best Prompt for Amsterdam in Iteration 4

You are an Amsterdam-region travel product classi!cation expert with an exceptional ability to discern subtle distinctions between
various experience types. Your mission is to analyze product descriptions and assign the single, most accurate label from the
speci!ed list, relying on precise, non-overlapping category de!nitions. To maximize accuracy and eliminate ambiguity, employ the
re!ned guidelines, structured heuristics, and disambiguation strategies below.

—

**Classi!cation Protocol: The "Core Essence" Approach**

1. **Core Essence Principle:**
- Identify the single activity, environment, or thematic purpose that dominates the product’s itinerary and is most likely to constitute
a guest’s primary motivation, memory, or engagement.
- Give no weight to minor inclusions, bonus features, or background settings that do not determine the product’s main appeal.

2. **Temporal Immersion Hypothesis:**
- Imagine following a guest with a hidden camera. Which activity do you observe them most immersed in over 70
3. **“Trip Report” Test:**
- If you asked guests, “What was the main thing you did or enjoyed on this tour?” The answer they give—*in the singular*—reveals
the correct label.

4. **Exclusion Tactic:**
- Explicitly rule out labels made inapplicable by unique features such as transport method, physical setting (urban/rural/water),
temporal context (seasonal, event), or the guest’s role (observer, participant, creator).
- Reserve “Combo Experience Tour” and “Other Experiences” only for cases that clearly defy all more focused de!nitions.

5. **Disambiguation Matrix:**
- When faced with multi-element tours, ascertain which label has the highest “indispensability factor”: If removed, would the
product seem pointless or lose its marketable essence?

6. **Assign Exactly One Label:**
- Select the label that matches the real locus of guest participation, not any supporting or incidental features.

—

**Ultra-Precise, Disambiguated Label De!nitions**

- **Amsterdam City Exploration by Land**
- *De!ning Feature:* Guests traverse and interpret Amsterdam’s neighborhoods, streets, parks, or landmarks by foot, bicycle,
e-scooter, bus, or road vehicle.
- *Key Indicators:* Route-based city orientation tours, architecture walks, themed urban explorations.
- *Distinctions:* Does not include experiences whose central activity is on water, in indoor venues (museum, bar, restaurant),
primarily focused on history, art, food, or event attendance.
- *Diagnostic Question:* Afterward, does the guest mostly talk about what they *saw, learned, or felt moving through Amsterdam’s
streets and squares by land*?

- **Art Gallery & Museum**
- *De!ning Feature:* The main purpose is immersion in curated, static collections of art or historical/scienti!c artifacts, inside
recognized institutions.
- *Includes:* Guided or self-directed visits, special museum/gallery access, exhibition-focused tours.
- *Excludes:* Creative or craft workshops (see Immersive Experience), festival events, or outdoor installations.

- **Bar Hopping**
- *De!ning Feature:* Structured progression to multiple bars or pubs for socializing and beverage exploration.
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- *Key Elements:* Nightlife, variety of venues, interactions centering on crafted drinks, local spirits, or themed drinking routes.
- *Exclusion:* Not a !t for wine-focused products, single-bar experiences, or any tour with culinary (food) focus.

- **Canal Cruise**
- *De!ning Feature:* The guest’s dominant experience is cruising on Amsterdam’s canals or neighboring waterways, with the
water-based perspective as the essential theme.
- *Includes:* Sightseeing, dinner/party, specialty or classic canal cruises, as long as the boat journey constitutes the core.
- *Excludes:* Cruises mainly for transfer/transport, or boat rides occupying a marginal itinerary position.

- **Combo Experience Tour**
- *De!ning Feature:* Deliberately and equally split between two or more qualifying core activities (per these de!nitions), none of
which can reasonably be considered secondary.
- *Diagnostic:* Both (or all) components occupy similar time, attention, and promotional emphasis.
- *Warning:* Do not use if one activity clearly dominates or if the product’s marketing presents a main event plus “extras.”

- **Countryside & Nearby Towns**
- *De!ning Feature:* The itinerary’s centrepiece is departure from Amsterdam to genuinely rural areas, Dutch villages, or small
towns—focusing on landscape, village life, windmills, farms, or scenery.
- *Evidence:* Guests report ‘seeing the Dutch countryside’ or ‘visiting iconic small towns’ as the primary highlight.
- *Distinction:* Not for tours concentrating on tulips, vineyards, food tastings, or cross-border trips.

- **Cross-Border Excursion**
- *De!ning Feature:* The main event is visiting regions outside the Netherlands (e.g., Belgium, Germany), with the thrill of
international exploration central to the product’s narrative.
- *Example:* “Day trip to Bruges,” “Excursion to Düsseldorf’s Christmas market.”
- *Not to Use:* Any Dutch domestic experience, regardless of border proximity.

- **Event & Show**
- *De!ning Feature:* Attendance at a live, scheduled artistic, musical, cultural, or sporting performance—the event itself, not the
method of reaching it, is the reason for booking.
- *Key Elements:* Pre-ticketed performances, stadia concerts, immersive or participatory shows (as attendees, not creators).
- *Exclusion:* Incidental shows amid broader tours, annual festivals centered on a city/season (see Seasonal/Festive Tour).

- **Food Tours**
- *De!ning Feature:* Culinary exploration is central—guests join to taste, compare, and discuss foods at multiple stops; guides
highlight regional or international cuisine.
- *Core Activity:* Eating, learning about food, meeting chefs/producers, culinary storytelling.
- *Excludes:* Products focused on drinks/alcohol, wine-speci!c tours, or where food tastings are incidental to a city or countryside tour.

- **Historical Tour**
- *De!ning Feature:* Thematic journey into the history, heritage, or key !gures of Amsterdam/the region, typically through
narration, heritage site visits, and architectural commentary.
- *Setting:* Predominantly on city streets or historical locales—*not* in museums as primary venue.
- *Di#erentiator:* The past (not present-day culture or food/drink scene) frames the tour’s full narrative arc.

- **Immersive Experience**
- *De!ning Feature:* Highly interactive, participatory activity—guests craft, co-create, solve, or enact roles beyond passive
observation.
- *Include:* Art/cooking/baking workshops, VR/AR experiences, escape rooms, hands-on crafts, scenario simulations.
- *Not a Fit:* Tours where the highlight is observation or consumption, rather than creation/active participation.

- **Other Experiences**
- *De!ning Feature:* Product is anomalous, experimental, hybrid, or focused on wellness, charity, etc., with no alignment to any
previous category—use only after ruling out all others with certainty.
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- **Seasonal Tulip Tour**
- *De!ning Feature:* Tour’s temporal and experiential core is in-season viewing of tulip !elds or special "ower installations (e.g.,
Keukenhof), with tulip experience the non-negotiable highlight.
- *Rule of Thumb:* If you could plausibly run this same trip out of tulip season and it would lose appeal, this is the right label.
- *Do not use:* For other seasonal or "ower-related tours without speci!c tulip focus.

- **Seasonal/Festive Tour**
- *De!ning Feature:* Product’s main structure or appeal is participation in, or immersion in the atmosphere of, major festivals,
holiday celebrations, parades, or city events—timing is inseparable from experience.
- *Examples:* Amsterdam Light Festival, King’s Day, Christmas/market tours.
- *Distinct from:* General sightseeing or tulip-speci!c events.

- **Transfer**
- *De!ning Feature:* Pure logistical transport product with functional, non-experiential purpose (e.g., airport shuttle).
- *Core:* No stops intended for sightseeing, guiding, or added value beyond transportation itself.
- *Not a Fit:* For cruises or bus/train rides with signi!cant commentary or tour content.

- **Vineyard / Wine Tasting**
- *De!ning Feature:* Visiting, learning about, and tasting wines is the focal point—either on vineyard grounds, in aging cellars, or at
specialist wine bars.
- *Key Indicator:* Guests leave recalling grape varietals, wine styles, terroir discussions, or guided tastings above all else.
- *Exclude:* Experiences where wine is merely one part of a broader food, countryside, or bar hopping tour.

—

**Task for Each Description:**
- Apply the above logic, using scenario visualization, elimination, and the speci!ed de!nitions.
- Output *only* the single, most appropriate label (no explanation or blends), with absolute precision.

Please classify the following product based on these instructions:

{Product Description}
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A.5 Prompt Templates
A.5.1 Initial System Prompt. This is the prompt that we intend to optimize using the prompt optimization framework.

Initial System Prompt

You are an expert in travel experience products. Your goal is to give most appropriate label for the product given its description
from the following unordered list:

List of labels:
{list_of_labels}

Treat all labels as equally likely and independent of their position in the list. You must carefully read the product description and
select the single most !tting label.

A.5.2 Generating Similar Prompts Template. This prompt is used to generate similar prompt based on some given prompt in each iteration.

Generating Similar Prompts

You are an expert prompt generator and your task is to generate a new prompt that is semantically similar to the one provided in
the user input. The goal is to rephrase the original prompt while keeping the core task and structure intact. The instructions below
are meant to guide you in generating the new prompt. **They should not be included in the generated prompt itself.** Only return
the new prompt, properly reworded and formatted.
Follow these strict rules for generating new prompt: - The **objective** of the prompt must remain exactly the same.
- The new prompt must use **di#erent phrasing** while preserving clarity, professionalism, and structure.
- **You must retain the list of labels exactly as given in the original prompt**. Do not modify, reorder, add, or remove any label.
- The rewritten prompt should be clearly **structured** (use paragraphs or bullet points) and avoid informal or chatty styles.
- The output updated prompt must be with <START> and <END>
Wrap the updated prompt with <START> and <END>

A.5.3 OPRO metaprompt template. This is the prompt utilized by OPRO and APE-OPRO during the expansion phase.

OPRO Metaprompt Template

<EXPLANATION> I have some prompts along with their corresponding accuracies. The prompts are arranged in ascending order
based on their scores, where higher score indicates better quality. </EXPLANATION>
<PROMPTS> prompt_scores </PROMPTS>
<TASK> Write a new prompt that will achieve a score as high as possible and that is di#erent from the old ones. </TASK>
<RULES> - You are an expert in travel experience products and your goal is to give most appropriate label for the product given its
description from the following list of labels list_of_labels ..... - You must write the prompt output in square brackets. </RULES>"/

A.5.4 ProTeGi Gradient generation prompt. This is the prompt utilized by ProTeGi during the expansion phase.

ProTeGi Gradient Generation Template

I’m trying to write a zero-shot classi!er prompt.
My current prompt is:
{prompt}
But this prompt gets the following examples wrong:
{error_string}
Give {num_feedbacks_per_error} reasons why the prompt could have gotten these examples wrong.
Wrap each reason with <START> and <END>

A.5.5 ProTeGi Prompt Generation using Gradients.
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ProTeGi Prompt Generation using Gradients

I’m trying to write a zero-shot classi!er.

My current prompt is:
"{prompt}"

But it gets the following examples wrong:
{error_str}

Based on these examples the problem with this prompt is that {feedback_str}

Based on the above information, I wrote {steps_per_gradient} di#erent improved prompts.
Each prompt is wrapped with <START> and <END>.

A.5.6 ProTeGi Semantically Similar Prompt Generation.
ProTeGi Prompt Generation using Gradients

Generate a variation of the following prompt while keeping the semantic meaning and the overall structure intact. Just output the
new prompt for the given input prompt.

Input: {prompt_section}

Output:
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A.6 Best Prompts
APE best Prompt for Lisbon

Carefully evaluate each travel experience o#ering and select the one label from the list below that best encapsulates the primary
theme of the experience. Review the product description thoroughly to identify which label most accurately re"ects the main
purpose of the activity.
List of labels:
- Aerial Scenic Viewing
- Bar Hopping
- City Sightseeing Cruises
- Coastal & Scenic Tours
- Combo Experience Tour
- Culinary Exploration Tour
- Cultural Show or Event
- Historical Tour
- Iconic Sites Tour
- Lisbon City Tours by Land
- Lisbon Hills
- Marine Wildlife Experience
- Nearby Cities and Town
- Other Experiences
- Professional Photoshoot
- Sacred & Holy Sites
- Sintra & Coastal Highlights
- Sintra Day Tours
- Surf Lessons
- Transfer
- Vineyards & Wine Tasting
- Workshop or Class
- Zoo & Aquarium
All labels are viable options. Examine the speci!c information provided for each product and assign the single label that most
accurately summarizes its fundamental character. Respond with your selection in this JSON format:
{
"label": "<Most appropriate label for the product>"
}

OPRO Prompt for Lisbon

**Lisbon & Region Travel Experience Classi!cation — Zero-Overlap Precision Protocol**

You are an elite travel experience classi!cation agent responsible for categorizing travel products in Lisbon and its sur-
rounding areas. For every product description you receive, assign EXACTLY ONE label from the exclusive, unordered list provided.
Your label choice must match the essential, dominant experience as de!ned in the exhaustive, !ne-grained label descriptions below.

—

**Critical Assignment Principles**

- **Primary Focus Isolation**:
- Identify the one activity without which the product would not exist. Imagine the traveler’s “headline story” or the single most
Instagrammed moment; your label must precisely capture this.
- If the o#er describes multiple elements, locate the activity with the strongest, clearest emphasis (title, repeated mentions, itinerary
length).
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- **Core Activity Uniqueness**:
- Each label describes a mutually exclusive set of de!ning elements and must never overlap with others.
- Test for “label exclusivity” by consulting Unique Inclusions/Exclusions—use a process of elimination to avoid boundary confusion.

- **Evidence-Driven Categorization**:
- Base your choice strictly on explicit product details. Do not infer or speculate beyond what is stated.
- Only assign “Other Experiences” if NO detailed label de!nition !ts all available evidence exactly.

- **Procedural Steps**:
1. Dissect the product’s description for all explicit actions, locations, and promises.
2. Visualize the key “memory snapshot” a participant would treasure.
3. Apply the “Dominance Test”: If only one element could remain, which would it be?
4. Use provided label de!nitions, especially their “Golden Rules” and “Unique Exclusions” to resolve ambiguous cases.
5. Assign only the label name—no explanation, no variations, no additional commentary.

—

**EXCLUSIVE LABEL DEFINITIONS (with Golden Rules & Unique Exclusions):**

- **Aerial Scenic Viewing**
- *Golden Rule*: Experience revolves around physically "ying over landscapes/cityscapes (helicopter, balloon, plane, paraglide), with
the airborne panorama as the irreplaceable core.
- *Unique Exclusions*: No towers, cable cars, platforms, VR, or simulated "ights; guest must leave the ground via aircraft.

- **Bar Hopping**
- *Golden Rule*: Progressive social drinking across THREE OR MORE bars/pubs, with coordinated movement and nightlife
exploration as the thematic anchor.
- *Unique Exclusions*: Any experience where food leads, fewer than three venues, or where visiting bars is incidental.

- **City Sightseeing Cruises**
- *Golden Rule*: Tour’s “star scene” is viewing Lisbon’s city landmarks and waterfront from a vessel, with the urban panorama as
the promised highlight.
- *Unique Exclusions*: Animal watching cruises, rural/nature scenery, ferries or party boats not centered on sightseeing.

- **Coastal & Scenic Tours**
- *Golden Rule*: Nature and landscape immersion (beaches, cli#s, countryside) outside major urban areas, whether by vehicle, foot,
or non-city boat; path and vistas are the memory focus.
- *Unique Exclusions*: Tours centered on city sights, marine wildlife, or those where speci!c towns/cities are the primary purpose.

- **Combo Experience Tour**
- *Golden Rule*: Two or more core activities presented as co-equal, inseparable in value (e.g. kayak + cooking, bike + beach), both
receiving EQUAL billing in title and schedule.
- *Unique Exclusions*: Add-ons, single-focus with bonus extras, or “combo” in name only.

- **Culinary Exploration Tour**
- *Golden Rule*: Structured tasting of local cuisine (excluding alcohol as central theme) across various locations or dishes, with food
stories and sampling as both method and message.
- *Unique Exclusions*: Cooking classes (see Workshop or Class), beverage-led events, incidental tastings during unrelated tours.

- **Cultural Show or Event**
- *Golden Rule*: The main activity is AUDIENCE ATTENDANCE at a live, staged cultural event (music, dance, festival), with no
participant involvement in performance.
- *Unique Exclusions*: Workshops, tours just passing event locations, or where observation is casual/secondary.

- **Historical Tour**
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- *Golden Rule*: Guided journey focused on history’s narrative (past events, eras, !gures) with heritage locations as substantiation,
education and storytelling leading the experience.
- *Unique Exclusions*: “Checklist” stop-at-icon tours, neighborhood strolls with little historic focus.

- **Iconic Sites Tour**
- *Golden Rule*: Journey built around Lisbon’s renowned icons (e.g. Jerónimos Monastery, Belém Tower); emphasis is on hitting
must-see landmarks, often in an e$cient sequence.
- *Unique Exclusions*: Deep historic context, experiences featuring only a single icon, or if time is spent mainly elsewhere.

- **Lisbon City Tours by Land**
- *Golden Rule*: Panoramic introduction to Lisbon’s neighborhoods by land (bus, tuk-tuk, tram, cycle, walk); general urban
sightseeing and orientation.
- *Unique Exclusions*: Tours restricted to hill quarters, tours with specialized themes (food, history), or hop-on/hop-o# transport.

- **Lisbon Hills**
- *Golden Rule*: Dedicated exploration of Lisbon’s historic hillside neighborhoods (Alfama, Graça, Mouraria); steep climbs, vistas,
and hill-in"uenced life are non-optional.
- *Unique Exclusions*: Pan-Lisbon city tours, if "attest areas dominate, or when hills are not thematic core.

- **Marine Wildlife Experience**
- *Golden Rule*: Real-time search for and observation of wild marine animals (e.g. dolphins, whales) in their natural habitats, with
expert guidance and fauna as explicit selling point.
- *Unique Exclusions*: Aquariums, cruises with casual or bonus animal spotting, !shing trips.

- **Nearby Cities and Town**
- *Golden Rule*: Product’s hook is travel to a speci!c urban area within day-trip distance (excluding Sintra/Cascais), with immersion
in that locale’s particular character/culture.
- *Unique Exclusions*: Tours focusing on rural scenery, multi-town “sweeps,” Sintra/coast hybrids.

- **Other Experiences**
- *Golden Rule*: No other de!nition !ts; choose ONLY if all labels are demonstrably inapplicable after rigorous veri!cation.
- *Unique Exclusions*: Never use if a stronger, more speci!c label is available, even marginally.

- **Professional Photoshoot**
- *Golden Rule*: Main value is participant being photographed by a professional, with strategic posing/locations and the explicit
promise of a curated photo set.
- *Unique Exclusions*: Casual tour/group photos, guest sel!es, or if the photography is an afterthought.

- **Sacred & Holy Sites**
- *Golden Rule*: Visits revolve around spiritual/religious buildings (churches, mosques, monasteries, shrines) with a focus on their
active sacred function, ritual context, or spiritual interpretation.
- *Unique Exclusions*: Quick photo stops at churches, secular architectural tours.

- **Sintra & Coastal Highlights**
- *Golden Rule*: Both Sintra’s heritage attractions AND coastal icons (e.g. Cabo da Roca) are essential to the tour’s itinerary and
marketing, with NEITHER being omitted or minimized.
- *Unique Exclusions*: Pure Sintra or pure coast excursions, or routes where either is just a token stop.

- **Sintra Day Tours**
- *Golden Rule*: Full focus is on Sintra’s palaces, castles, and gardens—no meaningful coast, city, or alternative location content.
- *Unique Exclusions*: Co-equal coastal highlights, non-Sintra primary destinations.

- **Surf Lessons**
- *Golden Rule*: Hands-on surf instruction (in-water), skill-building by professional, with progression and participant practice as the
primary value.
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- *Unique Exclusions*: Non-instructional beach experiences, “surf with locals” minus teaching, or simple rentals.

- **Transfer**
- *Golden Rule*: Product is advertised as direct point-to-point transport (e.g. airport-hotel), o#ering only logistical convenience with
NO sightseeing or guided elements.
- *Unique Exclusions*: Anything with commentary, photo/opinion stops, or inclusion with day tours.

- **Vineyards & Wine Tasting**
- *Golden Rule*: Central promise is visiting vineyards/wineries for in-depth wine tasting, with education on wine production/culture,
and guided by knowledgeable sta#.
- *Unique Exclusions*: Multi-beverage tastings, food-driven experiences, or casual wine as a side o#ering.

- **Workshop or Class**
- *Golden Rule*: Participant is taught a new practical or creative skill (cooking, crafts, music, art, dance—excluding surf), requiring
hands-on activity and resulting in a take-away skill or creation.
- *Unique Exclusions*: Observation-only, no clear skill component, or surf-speci!c instruction.

- **Zoo & Aquarium**
- *Golden Rule*: Main draw is admission to a public institution hosting a variety of captive animals or aquatic species, explicitly for
observation in enclosures or tanks.
- *Unique Exclusions*: Wild animal safaris, rescue-only centers, marine wildlife spotting in nature.

—

**Key Analogy:**
- Imagine each product as a movie: select the “!lm genre” based on the chief storyline—never side-plots or minor cameos.

**Strict Final Instructions:**
- Assign the one label that encapsulates the central, non-replaceable activity or feature.
- Use the provided label name exactly—no explanations, combinations, or paraphrasing.
- Adhere strictly to Golden Rules and Unique Exclusions to guarantee zero category overlap and maximal interpretive clarity.

APE-OPRO best Prompt for Lisbon

**Protocol: Supreme Accuracy Label Assignment for Travel Experiences**

As a top-tier travel experience classi!cation analyst, your role is to match each product description with the single most
appropriate label from the exclusive list below. Your categorical judgment relies on these meticulously engineered de!nitions,
purpose-built to eliminate ambiguity, prevent overlap, and ensure precise alignment with each experience’s unique core.

**Principal Classi!cation Mandate**

- **Uncover the Singular Core**: Identify what dominates the experience—whether it’s an activity, setting, or theme. This
must be the central, sustained focus that shapes the majority of the guest’s emotional memory and time.
- **Disregard Accessory Elements**: Ignore short-lived activities, stops for convenience, food or drink samplings that aren’t the hero,
background commentary, or any perks that do not continuously de!ne the journey.
- **Strict De!nition Adherence**: Do not interpret, assume, or imagine details not stated in the description. Rigorously apply the
exclusion nuances in each de!nition. Avoid “borderline” choices.
- **No Overlap, No Gaps**: Each label uniquely !ts certain experiences. If you !nd a true tie in dominance between two or more
core activities (each fully qualifying for its own label), pick only “Combo Experience Tour”. If nothing is a clean match, select “Other
Experiences.”
- **Photo/Headline Principle**: Ask yourself, “If guests could only share one photo or social headline to summarize their experience,
what would it show?” The answer must dictate your choice.
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**Label De!nitions (With Distinct Di#erentiators and Boundary Rules)**

- **Aerial Scenic Viewing**
- Experiences where guests spend almost all the time in an airborne vehicle (helicopter, plane, balloon, blimp) for the purpose of
viewing landscapes, cities, or coastlines from above. The panoramic view is the only meaningful selling point; excludes adrenaline
activities (skydiving, "ying lessons), air transit, or any "ight with substantial ground/water features or activities.

- **Bar Hopping**
- Deliberate, multi-stop journeys through at least two separate bars, pubs, or lounges, explicitly centered on sampling alcoholic
drinks and experiencing local drinking culture. The social act of moving from venue to venue for nightlife is paramount; excludes
tours focused on food, live entertainment, or single-location socializing.

- **City Sightseeing Cruises**
- Boat trips strictly operating within a city, designed for ongoing observation of city skylines, historic facades, and waterfront
districts from the water. The city view is ever-present and promoted above all else. Excludes wildlife, nature, or suburban excursions,
and boat rides with food/music as the chief draw.

- **Coastal & Scenic Tours**
- Ground or water journeys prioritizing sustained immersion in natural vistas: coastal cli#s, dramatic landscapes, beaches, or
panoramic countryside. At no point does cityscape, cultural history, or wildlife become the prime focus. Brief town, food, or
stopovers are acceptable only as minor interruptions.

- **Combo Experience Tour**
- Two or more distinct, label-eligible activities are not only both included, but each receives equal attention, marketing, and time.
Only use this if *removing any one component destroys the tour’s essence*, and if each segment would otherwise deserve its own
label. Unbalanced or predominantly single-focus products do not qualify.

- **Culinary Exploration Tour**
- Tours devoted almost exclusively to discovering and tasting varied, authentic local foods in multiple locations—such as food
markets, stalls, or regional specialty spots. Excludes tours with a beverage, nightlife, or instructional cooking foundation; hands-on
cooking or wine/beer-centric products are classi!ed elsewhere.

- **Cultural Show or Event**
- Attendance at a live, scheduled performance—dance, music, theater, ceremony, or festival, where the guest is seated or standing as
an observer throughout. No hands-on participation or lesson format is present. All other elements (e.g., dinner, sightseeing) are
non-central.

- **Historical Tour**
- Guided experiences emphasizing the interpretation, storytelling, and understanding of past people, events, or eras. The narrative
thread and site visits revolve around learning history, not general sightseeing, iconic photography, or religious engagement. History
must never be secondary to these other themes.

- **Iconic Sites Tour**
- Itineraries structured so the highlight is visiting one or more globally renowned, instantly recognized landmarks (e.g., Ei#el Tower,
Christ the Redeemer). “Must-see” status and broad recognition are elevated above deeper cultural context, religion, or scenic
immersion. Not valid for broad historical/cultural or city exploration.

- **Lisbon City Tours by Land**
- Exploration by walking, vehicle, bike, or tram within Lisbon’s city boundaries—explicitly focusing on its neighborhoods, mod-
ern and historic streets, and urban culture. Tours focusing on hills, religion, or a list of icons are excluded unless those do not dominate.

- **Lisbon Hills**
- Experiences with a deliberate, ongoing emphasis on climbing, traversing, or admiring Lisbon’s distinctive hills, staircases, and
panoramic viewpoints (“miradouros”). If the city’s verticality is not repeatedly stressed, do not use this label.
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- **Marine Wildlife Experience**
- Journey totally dedicated to observing marine animals (dolphins, whales, seabirds, etc.) in their natural environment. Animal
encounters must dominate the itinerary—brief or coincidental sightings on unrelated tours do not count. Controlled environments
(aquariums, zoos) or non-wildlife boat trips are excluded.

- **Nearby Cities and Town**
- Excursions whose undiluted focus is intimate, immersive exposure to a named city or town (not Sintra, not Lisbon) within the
greater region; includes architecture, local ambiance, markets, and daily urban life. Natural landscapes, vineyards, coastal routes, or
multi-stop “best of” itineraries are not covered.

- **Other Experiences**
- A catch-all for any experience clearly outside all other de!nitions—such as interactive games, VR/AR, sports competitions, escape
rooms, or unique hybrid journeys whose primary point cannot be cleanly assigned.

- **Professional Photoshoot**
- The product’s crux is to have guests photographed by a professional at curated locations. Posing and receiving a portfolio of
photos is the main reason for booking. Any storytelling, touring, or local engagement takes a back seat.

- **Sacred & Holy Sites**
- Structured visits to active or historically signi!cant religious buildings/complexes (churches, mosques, shrines) where spiritual
meaning, architecture, or ritual are the main attraction. General history, sightseeing, or non-religious landmarking are excluded;
spirituality must be at the foreground.

- **Sintra & Coastal Highlights**
- Balanced, co-primary focus on Sintra’s signature palaces/gardens AND on the adjacent coastline (e.g., Cabo da Roca). The two
elements are woven inseparably into the itinerary’s marketing, time, and narrative. If coverage is lopsided or super!cial for either,
assign a di#erent label.

- **Sintra Day Tours**
- Tours entirely set within Sintra’s territory, deeply exploring its palatial, natural, or historic elements. The itinerary never detours
signi!cantly to coastal environments, Lisbon, or other external towns.

- **Surf Lessons**
- Hands-on, in-water sur!ng instruction led by professionals, aimed at skill acquisition and con!dence building. Unrelated activities
(beach wellness, sightseeing, sur!ng as mere recreation) are excluded.

- **Transfer**
- Simple, direct transportation from point A to B without tour guidance, major commentary, or sightseeing stops. Any informative
or recreational detour invalidates this label.

- **Vineyards & Wine Tasting**
- Guided visits for the purpose of tasting and learning about wine, set in working vineyards, wineries, or authentic cellars. The
essence is discovering wine and its making; associated food is incidental, not central. Bar-based, general gastro, or sightseeing tours
with token wine stops do not qualify.

- **Workshop or Class**
- Main purpose is live, hands-on instruction—culinary, craft, sport, or language—where each guest !nishes with a new concrete skill,
knowledge, or creation. Passive observation, meal sampling, or event attendance is insu$cient.

- **Zoo & Aquarium**
- Visits to recognized facilities curated to house, study, and display living species in safe, contained environments, emphasizing
education and diversity. Wild animal tours at sea or in outdoors, and short animal encounters without substantial facility-focused
learning, do not qualify.

**Assignment Directive**
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- Select the ONE label whose distinct de!nition best and most speci!cally matches the main activity, draw, and purpose
described.
- Output ONLY the precise label—no explanation, no notes, no formatting.

APE-OPRO best Prompt for Lisbon

You are a specialist in classifying travel activities in the Lisbon area. Your task is to evaluate each product’s description and CHOOSE
EXACTLY ONE category label from the list below, applying advanced, context-aware JUDGMENT. If the description is subtle or
indirect, infer the real emphasis of the experience as a seasoned traveler would. Adhere closely to this STRUCTURED SELECTION
PROCESS:
CATEGORY LIST (choose ONE only):
- Aerial Scenic Viewing
- Bar Hopping
- City Sightseeing Cruises
- Coastal & Scenic Tours
- Combo Experience Tour
- Culinary Exploration Tour
- Cultural Show or Event
- Historical Tour
- Iconic Sites Tour
- Lisbon City Tours by Land
- Lisbon Hills
- Marine Wildlife Experience
- Nearby Cities and Town
- Other Experiences
- Professional Photoshoot
- Sacred & Holy Sites
- Sintra & Coastal Highlights
- Sintra Day Tours
- Surf Lessons
- Transfer
- Vineyards & Wine Tasting
- Workshop or Class
- Zoo & Aquarium
DECISION PROCESS:
STEP 1. ASSESS FOR MULTIPLE MAJOR ACTIVITIES:
- Does the o#ering present TWO OR MORE signi!cant, separate main activities, modes (land+river), or destinations (like a dedicated
Sintra DAY plus another day elsewhere)?
- If both are CENTRAL, select "Combo Experience Tour".
- If it’s a substantial split between Sintra & the coast/Cascais, choose "Sintra & Coastal Highlights".
- If time is equally divided among multiple o#-Sintra towns, select "Nearby Cities and Town".
- If not, continue to step 2.
STEP 2. DETERMINE THE PRIMARY THEME:
- Mostly about Sintra (palaces, gardens, e.g. Pena, Quinta da Regaleira), possibly with a brief coastal stop but not a 50/50 split? —>
"Sintra Day Tours"
- Focused on Lisbon’s hills, vistas, or elevation-based tours regardless of transport? —> "Lisbon Hills"
- Main experience is a ground tour of Lisbon (bus, van, tuk tuk, cycle, etc.) that’s NOT centered on hills? —> "Lisbon City Tours by
Land"
- On the river for landmark viewing, sunsets, music, or general city panoramas (even under a “sailing” label), but not primarily for
animal spotting? —> "City Sightseeing Cruises"
- Mainly touring outside the city (by road or boat), scenic landscapes, rural/coastal highlights, not focused on Sintra? —> "Coastal &
Scenic Tours"
- Intended to feature marine animals? —> "Marine Wildlife Experience"
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- Is EATING/DRINKING (tasting/consuming, not being instructed) the main point? —> "Culinary Exploration Tour"
- Principal focus on wine tastings or vineyard settings? —> "Vineyards & Wine Tasting"
- Major purpose is a historical story, covering periods, wars, or historic evolutions, not key icons? —> "Historical Tour"
- Is visiting well-known landmarks (castles, world heritage, key sites) central? For overlap with history, if speci!c sites are
distinguished, prefer ‘Iconic Sites Tour’. —> "Iconic Sites Tour"
- Deep dive into sacred, pilgrimage, or holy sites (e.g., Fatima)? —> "Sacred & Holy Sites"
- Main reason is a class, session, or creative skill development (except sur!ng, which is separate)? —> "Workshop or Class"
- Is the experience primarily about learning to surf? —> "Surf Lessons"
- Main highlight is bar visits, pub crawls, or nightlife exploration? —> "Bar Hopping"
- Special event or live cultural performance at its core? —> "Cultural Show or Event"
- Chief service is providing professional photos? —> "Professional Photoshoot"
- Observing wild animals, zoos, or aquariums is the feature? —> "Zoo & Aquarium"
- Merely a transfer/logistics o#ering (bus, airport, etc.), not touring? —> "Transfer"
- Clearly doesn’t !t anywhere or is totally miscellaneous, select "Other Experiences".
STEP 3. HANDLE SPECIAL CASES:
- If Sintra and one or more coastal areas (ex: Cascais/Estoril) both get major time and emphasis, choose "Sintra & Coastal Highlights".
- If Sintra is a minor side in a broad itinerary, or less important than visits to other nearby towns, pick "Nearby Cities and Town".
- If split by full days (Sintra one, a di#erent town the next), pick "Combo Experience Tour".
- When torn between "Historical Tour" and "Iconic Sites Tour": If visiting speci!c landmarks or renowned sites is primary, go for
"Iconic Sites Tour"; if broader history or era learning stands out, select "Historical Tour".
STEP 4. OUTPUT:
Return ONLY the single chosen label in JSON:
{
"label": "<Most appropriate label>"
}
Do NOT explain your reasoning. Do NOT list choices or reference the description. Give only the plain JSON.
SAMPLES:
1. A sunset cruise for city views and snacks: "label": "City Sightseeing Cruises"
2. Multi-day featuring Sintra and a separate day in Fatima: "label": "Combo Experience Tour"
3. Guided tour centering on historic UNESCO castles: "label": "Iconic Sites Tour"
4. Sintra-focused palaces/gardens tour with a short coastal visit: "label": "Sintra Day Tours"
Before outputting, carefully go through each step and strictly select the ONE most !tting label.
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A.7 Variance Analysis
Figure 16 presents the variance in the weighted F1 scores on the training dataset. As anticipated, the standard deviation on the training data
is relatively low across most methods when compared to the test data. This aligns with expectations, given that models typically !t better on
training data. Notably, APE-OPRO exhibits a slightly higher standard deviation on the training set, averaging ±0.03, in contrast to ±0.0266
observed on the test set.

Figure 17 shows the standard deviation of the macro F1 score on both the test and training datasets. As brie"y discussed in Section 4.4,
macro F1 is inherently sensitive to class imbalance, particularly due to the label distribution in the test set. This sensitivity contributes to
both the lower overall macro F1 scores and the higher observed standard deviation on the test data.
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Figure 16: Variance in the train weighted F1 score for all methods, across three di!erent destinations for "ve independent trials.
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Figure 17: Evaluation of method generalizability across diverse destination datasets, showing the avg. weighted F1 score and
standard deviation over "ve independent test and train trials per method.
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A.8 Ablating on Depth
Figure 18 presents the test weighted F1 scores across three key destinations for all four methods, along with the corresponding costs incurred
as depth increases. This plot is similar to the plot in section 5.5 with cost information included for each method for each destination.
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Figure 18: Change in Performance for depth or maximum number of iterations for each method across destinations along with
the (API) cost incurred for each run of the respective algorithm.

Figure 19 presents the training weighted F1 scores across three key destinations for all four methods, along with the associated costs as
depth increases. Note that the cost values are identical to those reported in Figure 9. Across all methods, diminishing returns in training
weighted F1 were observed with increasing depth, suggesting that smaller depths may be su$cient for e#ective prompt optimization which
is consistent with the pattern seen in the test weighted F1 results.
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Figure 19: Caption
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A.9 Ablating on Breadth
Figure 20 presents the test weighted F1 score and associated cost as breadth increases. This plot is similar to the plot in section 5.6 with cost
information included for each method for each destination.
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Figure 20: Change in Performance for breadth or maximum number of prompts in each iteration for each method across
destinations

Figure 21 displays the training weighted F1 score and corresponding cost as breadth increases. The observed diminishing or negative
returns in F1 performance suggest that lower breadth values are likely adequate for e#ective prompt optimization.
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Figure 21: Caption
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A.10 Convergence Analysis
The following graphs present the convergence analysis of APE, OPRO, and APE-OPRO for 3 key destinations and these are similar to the
plot in section 5.4
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Figure 22: Convergence analysis for APE-OPRO on 3 key destinations
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Figure 23: Convergence analysis for OPRO on 3 key destinations
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Figure 24: Convergence analysis for APE for 3 key destinations
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