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How to compose these numerous tools to tackle complex tasks?

Tool-Augmented LLMs (LLM Agents)!

on ScienceQA and TabMWP
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.
What is the direction of this push?
(A) away from the baseball bat
(B) toward the baseball bat

Analyze the advertisement to determine which persuasive appeal is used. The )
ad mentions that Earthzy paper plates carry the Sierra Club seal of approval.
This implies that the product is environmentally friendly and has been endorsed
by a reputable organization. This appeal is primarily based on the credibility

and authority of the Sierra Club, which is an example of ethos (character).

[194, 21]: Earthzy paper
[244, 70]: plates now

[172, 112]: carry the Sierra
[231, 159]: Club seal of
[275, 198]: approval

st now (A) pathos (emotion) @ € T
-» Text DetectorO —D[Knowledge Retrieval @]—D[Solution Generator @]—»[Answer Generator@

cupeeell (B) ethos (character)
\ (C) logos (reason) >
v
ethos (character)

8

Which is the main persuasive
appeal used in this ad?

- The question is about identifying the main persuasive appeal used in an advertisement.
- 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.

B A

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

(A) Eurasian lynx

(B) Thorny Devil ® ©)

Image Captioner [~ -D[Query Generator@]—b[Bing Searchl 5HSolution Generator @]—»[Answer Generator

Figure 1: Examples from our Chameleon approach with GPT-4 on ScienceQA [28], a multi-modal

question answering benchmark in scientific domains. Chameleon is adaptive to different queries by

synthesizing programs to compose various tools and executing them sequentially to get final answers.

Viles | : I > [ This table shows the number of miles Wanda hiked each day on her |
D Mil it gl @ camping trip. The median is the middle value in a set of data when
2y 2e8 the data is arranged in order. To find the median, the data must
Sunday 10 be arranged in order from least to greatest (or greatest to least),
and then the middle value(s) is/are determined.
Monday 9 [ Program Generator @ - -
Tuesday 10 ' miles_hiked = [10, 9, 10, 5, 9]
miles_hiked = sorted(miles_hiked)
sy 2 I middlel = (len(miles_hiked) - 1) // 2
ThurSday 9 Program Verifier ﬂ middle2 = 1en(mile5_hikEd) // 2
Wanda went on a camping trip lans = (miles_hiked[middlel] + miles_hiked[middle2]) / 2 |

' [ Program Executor P }—> ans =9.0

v
[ Answer Generator ]—> 9

and logged the number of miles

she hiked each day. What is the
median of the numbers?

o/

Location Arrive Depart

stadium 10:20 A.M. 10:25 A.M. Location Arrive Depart

park 10:35 AM. 10:45 A.M. @ Row Lookup @]—> : .

12:25 P.M. 12:35 P.M.

hotel 11:10 AM. 11:15 AM. Hainistation 2 2

airport 12:05 P.M. '12:10 P.M. | (Step 1) Find the train station on the schedule. Find the departure |

train station  12:25 P.M. 12:35 P.M. : time for the train station.

blsetation 1:10 P.M. 1:10 P.M. [ Solution Generator @ I < (sSt;et;)oi)a'Zaé'r_rsgtgtﬁn: 12:35 P.M. The bus departs from the train
Look at the following schedule. When does (Step 3) The answer is 12:35 P.M.
the bus depart from the train station? ! v .
(A) 12:35 P.M. (B) 1:10 P.M. [ Answer Generator '—V 12:35 P.M.

(C) 1:10 P.M. (D) 10:45 AM.

Figure 2: Two examples from our Chameleon approach with GPT-4 on TabMWP [29], a mathemat-
ical reasoning benchmark with tabular contexts. Chameleon demonstrates flexibility and efficiency

in adapting to different queries that require various reasoning abilities.
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https://chameleon-lim.github.io

 LLM Planner

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

LLM planner: generate a program to compose

% Efficiently extendable to using new modules

%

LLM Planner @OpenAI
tools by natural language instructions
Table | Program Program Program | Answer
Lookup Generator Verifier Executor | Generator
& openAr @ python’ |
(Response)
Advantages

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

.

be executed sequentially to solve the query.

-
You need to act as a policy model, that given a question and a modular set, determines the sequence of modules that can

~

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.

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’: ‘Identify how particle motion affects temperature and pressure’

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

: Module Inventory
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2Microsoft Research, Redmond

& Experiments on ScienceQA

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

Pan Lu', Baolin Peng?, Hao Cheng?, Michel Galley?, Kai-Wei Chang’, Ying Nian Wu', Song-Chun Zhu', Jianfeng Gao?
'University of California, Los Angeles

Model ‘ *;T““ed ALL | NAT SOC LAN ‘ TXT IMG NO ‘ Gl-6 G7-12
arams

Heuristic baselines

Random Choice [28] - | 39.83 | 40.28 46.13 29.25 | 4745 40.08 33.66 | 39.35 40.67

Human [28] - | 8840 | 90.23 8497 8748 | 89.60 87.50 88.10 | 91.59 8242

Fine-tuned models

Patch-TRM [30] O0M | 6142 | 65.19 46.79 65.55 | 66.96 5528 6495 | 58.04 67.50

VisualBERT [23, 24] 111M | 61.87 | 5933 69.18 61.18 | 62.71 62.17 5854 | 6296 59.92

UnifiedQA [18] 223M | 70.12 | 68.16 69.18 7491 | 63.78 6138 77.84 | 7298 65.00

UnifiedQA CoT [28] 223M | 74.11 | 71.00 76.04 7891 | 66.42 6653 8181 | 77.06 68.82

MM-COT [60] 223M | 8491 | 8752 77.17 85.82 | 87.88 8290 86.83 | 84.65 85.37

MM-COT grge [60] 738M | 91.68 | 9591 82.00 90.82 | 9526 88.80 92.89 | 9244 90.31

LLaMA-Adapterr [59] 1.2M | 7831 | 79.00 73.79 80.55 | 78.30 7035 83.14 | 79.77 75.68

LLaMA-Adapter [59] 1.8M | 85.19 | 84.37 88.30 84.36 | 83.72 8032 8690 | 85.83 84.05

Few-shot GPT-3

GPT-3 [3] OM | 74.04 | 75.04 66.59 78.00 | 7424 6574 79.58 | 76.36 69.87

GPT-3 CoT [28] OM | 75.17 | 7544 70.87 78.09 | 74.68 6743 7993 | 7823 69.68

Published results (Above) A

Few-shot ChatGPT

ChatGPT CoT OM | 7831 | 78.82 70.98 83.18 | 77.37 6792 86.13 | 80.72 74.03

Chameleon (ChatGPT) OM | 7993 | 81.62 70.64 84.00 | 79.77 7080 86.62 | 81.86 76.53

Few-shot GPT-4

GPT-4 CoT OM | 8399 | 8548 7244 90.27 | 82.65 7149 9289 | 86.66 79.04

Chameleon (GPT-4) OM | 8654 | 89.83 74.13 89.82 | 88.27 77.64 92.13 | 88.03 83.72

& Experiments on TabMWP

#Tuned

Microsoft

UCLA

& Transition Graph for Generated Programs

« Transition graphs of modules for generated programs by Chameleon (GPT-4)
« Transition probabilities are computed from tool transitions observed on the test sets
 GPT-4 planner makes good decisions on how to sequence tools

0.26

row_lookup

query_generator (ﬂ
column_lookup

0.3
. 0.27 0.39
. N
knowledge retrieval 0.2
0.36 74

0.06 0.11

text detector image captioner ; :
- - solution generator table verbalizer

0.21 program_generator
1.0
1.0 ¢ program verifier

1.0
1.0

knowledge retrieval

program_executor

answer_generator

answer generator

1.0

END

Transition Graph
(TabMWP)

Transition Graph
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Model Params ALL | FREE MC | INT DEC EXTR BOOL OTH | G1-6 G7-8
Heuristic baselines
Heuristic guess - 11529 | 671 3981 | 837 026 3080 51.22 26.67 |17.55 1227
Human performance -190.22 | 84.61 93.32 | 84.95 83.29 97.18 88.69 96.20 | 94.27 81.28
Fine-tuned models
UnifiedQAgase [18] 223M | 43.52 | 34.02 70.68 | 40.74 790 84.09 55.67 73.33 |53.31 30.46
UnifiedQAy arce [18] 738M | 57.35 | 48.67 82.18 | 55.97 20.26 94.63 68.89 79.05 | 65.92 45.92
TAPEXgase [25] 139M | 48.27 | 39.59 73.09 | 46.85 11.33 84.19 61.33 69.52 | 56.70 37.02
TAPEX| srce [25] 406M | 58.52 | 51.00 80.02 | 59.92 16.31 9534 64.00 73.33|67.11 47.07
Zero-shot GPT-3
GPT-3 [3] OM | 56.96 | 53.57 66.67 | 55.55 45.84 78.22 5544 5429 | 63.37 4841
GPT-3 CoT [53] OM | 57.61 | 5436 66.92 | 55.82 48.67 78.82 55.67 51.43 | 63.62 49.59
Few-shot GPT-3
GPT-3 [3] OM | 57.13 | 54.69 64.11 | 58.36 40.40 7595 5241 53.02 |63.10 49.16
GPT-3 CoT [53] OM | 6292 | 60.76 69.09 | 60.04 63.58 7649 61.19 67.30 | 68.62 55.31
GPT-3 CoT-PromptPG [29] OM | 68.23 | 66.17 74.11 | 64.12 74.16 76.19 72.81 65.71 | 71.20 64.27
Codex PoT* [5] OM | 73.2 - - -
Codex PoT-SC* [5] OM | 81.8 - - -
Published results (Above) A
Few-shot ChatGPT
ChatGPT CoT OM | 82.03 | 78.43 92.32 | 75.38 90.30 9230 92.89 87.62 | 83.06 80.66
ChatGPT PoT OM | 89.49 | 90.24 87.35 | 89.31 93.82 92.10 85.89 55.24 |90.60 88.00
Chameleon (ChatGPT) OM | 93.28 | 93.13 93.72 | 92.71 94.76 91.29 98.11 78.85 | 93.37 93.17
Few-shot GPT-4
GPT-4 CoT OM | 90.81 | 88.48 97.49 | 86.16 97.51 96.86 99.11 89.52 |92.40 88.70
GPT-4 PoT OM | 96.93 | 97.40 95.58 | 98.48 93.22 96.25 98.00 68.57 | 96.97 96.87
Chameleon (GPT-4) OM | 98.78 | 98.95 98.29 | 99.34 9742 98.58 98.56 93.33 | 98.95 98.54

M called [l Not called

Chameleon (GPT-4)

M called [l Not called

Chameleon (GPT-4)
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Figure 4: Tools called in the generated programs from Chameleon on ScienceQA.

Knowledge Retrieval

Program Generator
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Figure 5: Tools called in the generated programs from Chameleon on TabMWP.

& Failure Case

 Limitations of the current modules or suboptimal programs generated by the planner
« The module inventory may lack tools capable of addressing specific abilities

> Query
Question: Which property matches this object?

Context: Select the better answer.

Options: (A) stretchy (B) yellow

Metadata: ‘pid’: ‘10338’, ‘has_image’: True, ‘grade’: 2, ‘subject’: ‘natural I
science’, ‘topic’: ‘physics’, ‘category’: ‘Materials’, ‘skill’: ‘Identify proper-
ties of an object’

helium balloons

> Response

Generated Program: ["Image_Captioner","Solution_Generator", "Answer_G
enerator"]

Image Captioner:
A colorful kite is being flown in the sky.

Solution Generator:

Look at the image of the object, which is a colorful kite. A stretchy object can be stretched without
breaking. Kites are typically made of materials that are not stretchy, such as nylon or polyester. A
yellow object has a yellow color. The kite in the image is colorful and includes the color yellow.
Therefore, the answer is B.

Answer Generator (Wrong prediction): (B) yellow

Correct Answer (Ground truth): (A) stretchy




