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When it comes to complex problems...
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- 2= 0 Booo8 0 3o Whale Watch Harbor . 9:30 AM. | 10:15AM. 10:30 AM. 10:45AM. 11-15 AM.
Oyster Lighthouse  10:15AM. 11:00AM. 11:15AM. 11:30AM. 12:00 PM. : . : : : :
Fisherman's Cove  11:15AM. 12:00PM. 12:15PM. 12:30PM. 1:00 PM. ENEENEERS— 10:15 A.M. BESEES 1115 A.M. SUSEENEY 12:00 PM.
Surfing Beach 12:00 PM. 12:45PM. 1:00PM. 1:15PM. 1:45PM. Fisherman's Cove 11:15AM. 12:00 PM. 12:15PM. 12:30PM. 1:00 PM.

Surfing Beach 12:00 PM. 12:45PM. 1:.00PM. L:IS5PM.| 1:45PM,

Question: Look at the following schedule. Haley is at Ocean City at
9.45 A.M. How soon can she get to Surfing Beach?
Options: (A) 1:45 P.M. (B) 12:00 P.M. (C) 10:30 A.M. (D) 12:15 P.M.
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ﬁ GPT-3
(text-davinci-002)
Solution:

(Step 1) Find 9:45 A.M. on the schedule.
(Step 2) The next stop is Whale Watch Harbor at 10:15 A.M. GO gle
(Step 3) The earliest she can get to Surfing Beach is 12:00 P.M. The

answer is 12:00 P.M. .
: g b Bing

PromptPG: Dynamic Prompt Learning via Policy Gradient for Semi-structured Mathematical Reasoning, ICLR 2023




Tool Use

w  Hugging Face
() GitHub

Google

How to compose these numerous tools to tackle complex tasks?

?5 Tool-Augmented LLMs (LLM Agents)!




Chameleon: Module Inventory and LLM Planner ﬁb ||

Module inventory: LLM models, off-the-shelf vision models, web search
=/ engines, Python functions, and rule-based modules

LLM Planner | &) OpenAl

l

Table Program Program Program Answer LLM planner: generate a
Lookup Generator Verifier Executor Generator program to compose tools by
natural language instructions
& openar @ python l
( Response )
Advantages:

9

<  Efficiently extendable to using new modules

0
%

Natural-language-like programs are less error-prone, easy to debug, and user-friendly
Flexible to replace the underlying LLM for the planner as well as each module

0
%



Chameleon: Plug-and-Play Compositional Reasoning
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What is the direction of this push?
(A) away from the baseball bat

i [194, 21]: Earthzy paper Analyze the advertisement to determine which persuasive appeal is used. The |

[244, 70]: plates now ad mentions that Earthzy paper plates carry the Sierra Club seal of approval.
(B) toward the baseball bat [172, 112]: carry the Sierra | | This implies that the product is environmentally friendly and has been endorsed
[231, 159]: Club seal of by a reputable organization. This appeal is primarily based on the credibility
) | [275, 198]: approval and authority of the Sierra Club, which is an example of ethos (character).

Earthzy paper

plates now (A) pathos (emOtIOn)

carry the Sierra

\érg;;;g},g[ (B) ethos (character)
N\ (C) logos (reason)

A
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- The question is about identifying the main persuasive appeal used in an advertisement. | | ethos (character)
- There are three main types of persuasive appeals: ethos, pathos, and logos.
- Ethos is an appeal to the speaker's or writer's credibility, character, or authority.
- Pathos is an appeal to the audience's emotions, feelings, or sympathies.
| - Logos is an appeal to logic, reason, or rationality, using facts, statistics, or arguments.

Which is the main persuasive
\appeal used in this ad?

Which animal’s skin is adapted
for survival in cold places?

(A) Eurasian lynx

\(B) Thorny Devil
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Chameleon: LLM Planner

@OpenAI
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You need to act as a policy model, that given a question and a modular set, determines the sequence of
modules that can be executed sequentially to solve the query.
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The modules are defined as follows:

Query_Generator: This module generates a search engine query for the given question. Normally, we consider
using "Query_Generator" when the question involves domain-specific knowledge.

Bing_Search: This module searches the web for relevant information to the question. Normally, we consider
using "Bing_Search" when the question involves domain-specific knowledge.

Image_Captioner: This module generates a caption for the given image. Normally, we consider using
"Image_Captioner" when the question involves the semantic understanding of the image, and the "has_image"
field in the metadata is True.

Text_Detector: This module detects the text in the given image. Normally, we consider using "Text_Detector"
when the question involves the unfolding of the text in the image, e.g., diagram, chart, table, map, etc., and the
"has_image" field in the metadata is True.

Knowledge_Retrieval: This module retrieves background knowledge as the hint for the given question.
Normally, we consider using "Knowledge Retrieval" when the background knowledge is helpful to guide the
solution.

Solution_Generator: This module generates a detailed solution to the question based on the information
provided. Normally, "Solution_Generator" will incorporate the information from "Query_Generator",
"Bing_Search", "Image_Captioner", "Text Detector", and "Knowledge Retrieval".

Answer_Generator: This module extracts the final answer in a short form from the solution or execution result.




Chameleon: LLM Planner

, Below are some examples that map the problem to the modules.

Question: Compare the average kinetic energies of the particles in each sample. Which sample has the higher
temperature?

Context: The diagrams below show two pure samples of gas in identical closed, rigid containers. Each colored
ball represents one gas particle. Both samples have the same number of particles.

Options: (A) neither; the samples have the same temperature (B) sample A (C) sample B

Metadata: ‘pid’: 19, ‘has_image’: True, ‘grade’: 8, ‘subject’: ‘natural science’, ‘topic’: ‘physics’, ‘category’:
‘Particle motion and energy’, ‘skill’: ‘ldentify how particle motion affects temperature and pressure’

Modules: ["Text Detector", "Knowledge Retrieval”, "Solution_Generator”, "Answer_Generator"]




Chameleon: Module Inventory




ScienceQA: Science Question Answering

Question: Which type of force -&»Answer: The answer is A.
from the baby's hand opens the

cabinet door? BECAUSE:

Lecture: A force is a push or a pull that one
g object applies to a second object. The direction
» of a push is away from the object that is
pushing. The direction of a pull is toward the
lobject that is pulling.

Options: (A) pull (B) push

(Context: A baby wants
to know what is
inside of a cabinet.
Her hand applies

a force to the door,
\and the door opens.

(Explanation: The baby's hand applies a force to\
9; the cabinet door. This force causes the door to
open. The direction of this force is toward the
kbaby's hand. This force is a pull.

Learn to Explain: Multimodal Reasoning via Thought Chains for Science Question Answering, NeurlPS 2022 https://scienceqga.github.io/explore.html



https://scienceqa.github.io/explore.html

Domain Diversity in ScienceQA

Nature Science

Social Science

Language Science

Biology
Genes to traits
Classification
Adaptations
Traits and heredity
Ecosystems
Classification
Scientific names
Heredity

Ecological interactions
Cells

Plants

Animals

Plant reproduction

Earth Science
Weather and climate
Rocks and minerals
Astronomy
Fossils

Earth events
Plate tectonics

Physics Geography o~ |History Dj Civies E5
Materials State capitals Colonial America Social skills BEA
Magnets Geography ~ | English colonies in North America Government
Velocity and forces Maps The American Revolution The Constitution
Force and motion Oceania: geography World History Economics
Particle motion and energy Physical Geography Greece Basic economic principles
Heat and thermal energy The Americas: geography Ancient Mesopotamia Supply and demand e
States of matter Oceans and continents World religions Banking and finance
Kinetic and potential energy Cities American history Global Studies
Mixture States Medieval Asia po! Society and environment 25252
Chemistry B e | Writing Strategies Vocabulary mgp Verbs
Solutions 1.' Supporting arguments Categories Verb tense
Physical and chemical change Sentences, fragments, and run-ons Shades of meaning ’ Capitalization
Atoms and molecules Word usage and nuance Comprehension strategies Formatting
Chemical reactions Cregtive techniques Context clues Euncinaion
Engineering Audience, purpose, and tone Grammar Fragments

ANy . % Pronouns and antecedents
Designing experiments : : Sentences and fragments Phonology
Engineering practices Per.s.uaswe stratg 8Ies Phrases and clauses Rhymin

Editing and revising = yming

Units and Measurement y Visual elements — & Figurative Language I Reference
Weather and climate Opinion writing Literary devices &= | Research skills

https://scienceqga.qgithub.io/explore.html

3

subjects

26

topics

127

categories

379

skills


https://scienceqa.github.io/explore.html

Context Diversity in ScienceQA

3,800
(17.92%)

3,688
(17.39%)

Image Text
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Chameleon for ScienceQA

Earthzy paper

siates ow| (A) pathos (emotion)

carry the Sierra

Club seal of (B) ethos (character)

approval.
\

a (C) logos (reason)

|

1| [194, 21]: Earthzy paper Analyze the advertisement to determine which persuasive appeal is used. The
: [244, 70]: plates now ad mentions that Earthzy paper plates carry the Sierra Club seal of approval.
1| [172, 112]: carry the Sierra This implies that the product is environmentally friendly and has been endorsed

: [231, 159]: Club seal of by a reputable organization. This appeal is primarily based on the credibility and
1| [275, 198]: approval authority of the Sierra Club, which is an example of ethos (character).

:

|

[

*
Text Detector O]—P[Knowledge Retrieval @]—b[Solution Generator @]—»[Answer Generator @]
¥ v

WhE;h is the main persuasive
appeal used in this ad?

1

|

|

: - The question is about identifying the main persuasive appeal used in an advertisement. I ethos (character) ]
1| - There are three main types of persuasive appeals: ethos, pathos, and logos.

1

|

|

|

|

- Ethos is an appeal to the speaker's or writer's credibility, character, or authority.
- Pathos is an appeal to the audience's emotions, feelings, or sympathies.
- Logos is an appeal to logic, reason, or rationality, using facts, statistics, or arguments.




Chameleon for ScienceQA

Earthzy paper

plates now (A) pathos (emotion)

carry the Sierra

Club seal of (B) ethos (character)

approval.
\\

8 (C) logos (reason)

|

1| [194, 21]: Earthzy paper Analyze the advertisement to determine which persuasive appeal is used. The
: [244, 70]: plates now ad mentions that Earthzy paper plates carry the Sierra Club seal of approval.
1| [172, 112]: carry the Sierra This implies that the product is environmentally friendly and has been endorsed

: [231, 159]: Club seal of by a reputable organization. This appeal is primarily based on the credibility and
1| [275, 198]: approval authority of the Sierra Club, which is an example of ethos (character).

:

|

[

Which is the main persuasive
appeal used in this ad?

Text Detector O]—P{Knowledge Retrieval @]—b[Solution Generator @]—»[Answer Generator ]

1

|

|

: - The question is about identifying the main persuasive appeal used in an advertisement. l ethos (character) l
1| - There are three main types of persuasive appeals: ethos, pathos, and logos.
1

|

|

|

|

- Ethos is an appeal to the speaker's or writer's credibility, character, or authority.
- Pathos is an appeal to the audience's emotions, feelings, or sympathies.
- Logos is an appeal to logic, reason, or rationality, using facts, statistics, or arguments.

’

: (Response 1) Adaptations: Have a thick fur coat for insulation against the
I cold. In winter, the coat is white to provide camouflage against the ice and
! snow. In summer, when the snow has melted, they have a thin, dark grey
: or brown coat which provides camouflage against rock and vegetation.
|

|

|

|

|

|

1

(Response 2) The polar bear is adapted to life in a cold climate Polar
(1 ) A polar bear is standing bears are well adapted for survival in the Arctic. Their adaptations
in the snow. include: a white appearance - as camouflage from prey on the snow...

Which animal’s skin is adapted
for survival in cold places?
(A) Eurasian lynx

\(B) Thorny Devil

Image Captioner [~ P[Query Generator @HBing Search l 'HSqution Generator HAnswer Generator

cold environments Arctic Ocean, and their skin is adapted to help them survive in cold
places. Out of the given options, neither the Eurasian lynx nor the
thorny devil is mentioned in the context. However, the polar bear is
mentioned as an animal with skin adapted for survival in cold
places. Since the polar bear is not listed as an option, we must
choose the most possible option from the given choices. The Eurasian
lynx lives in colder regions compared to the thorny devil, which is a
Eiesert-dwelling reptile. Therefore, the answer is A.

[Animal skin adaptations for ] The context mentions that polar bears live in and around the cold

S O D I
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~ Mileshiked
Day Miles

Sunday 10
Monday 9
Tuesday 10
Wednesday 5
Thursday 9

Wanda went on a camping trip
and logged the number of miles
she hiked each day. What is the
median of the numbers?

G J

Chameleon
/_\

(C) 1:10PM. (D) 10:45 A M.

Location Arrive Depart
stadium 10:20 A.M. | 10:25 A.M.
park 10:35 A.M. | 10:45 A.M.
hotel 11:10 A.M. 11:15 A.M.
airport 12:05 P.M. 12:10 P.M.
train station 12:25 PM. 12:35 P.M.
bus station 1:10 P.M.  1:10 P.M.

Look at the following schedule. When does
the bus depart from the train station?
(A) 12:35 P.M. (B) 1:10 P.M.

J
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Chameleon for TabMWP (Tabular Math Word Problems)

[ Program Generator @

rThis table shows the number of miles Wanda hiked each day on her )
camping trip. The median is the middle value in a set of data when
the data is arranged in order. To find the median, the data must be
arranged in order from least to greatest (or greatest to least),

| and then the middle value(s) is/are determined.

i

Program Verifier ﬁ

miles_hiked = [10, 9, 10, 5, 9]
miles_hiked = sorted(miles_hiked)
middlel = (len(miles_hiked) - 1) // 2
middle2 = len(miles_hiked) // 2

'

lans = (miles_hiked[middlel] + miles_hiked[middle2]) / 2 )

[ Program Executor P
[ Answer Generator ]—»‘I}

R

Y

[Solution Generator @ ]__» (Step 2) Train station: 12:35 P.M. The bus departs from the train

Location Arrive Depart
Row Lookup @'—’ train station  12:25 PM. 12:35 P.M.

\

e R
(Step 1) Find the train station on the schedule. Find the departure

time for the train station.

station at 12:35 P.M.

(Step 3) The answer is 12:35 P.M.

|\ J

\
[ Answer Generator @ 12:35 P.M.

14



Results on ScienceQA and TabMWP

B 7 Ours (few-shot)

B Few-shot

Fine-tuned

GPT-4 CoT

Chameleon
(ChatGPT)

ChatGPT CoT
GPT-3 CoT
UnifiedQA CoT -+
LLaMA-Adapter -+

MM-COT +

65.0

70.0

ScienceQA

75.0

80.0

Foomm
84,9
85.0

90.0

. . Ours

I Existing methods

Chameleon
(GPT-4)

GPT-4 PoT

GPT-4 CoT

Chameleon
(ChatGPT)

ChatGPT PoT
ChatGPT CoT 82.0

Codex PoT-SC 81.8

GPT-3
CoT-PromptPG 68.2

60.0 650 700 750 80.0

89.5

+17.0%

85.0 90.0 95.0

TabMWP



0.26
row_lookup
query_generator W
0.06 0.11 column lookup

>

;
2

‘p 0.27 0.39
knowledge retrieval 0.2
0.36 74

text detector
( solution generator table verbalizer

knowledge retrieval

21 program_generator
1.0
solution generator
1.0

1.0
The LLM planner is able

to make good decisions

1.0 on how to sequence tools
Transition Graph in a few-shot setup. o
(ScienceQA) ‘@

Transition Graph

(evp) (TabMWP)



ffy =. Microsoft UCLA

) Chameleon: Plug-and-Play Compositional
Reasoning with Large Language Models

T ' https://chameleon-lim.github.io/ https://github.com/lupantech/chameleon-Iim
hanks!




