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Large Language Models and Emergent Abilities
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Q: Roger has 5 tennis balls. He buys
2 more cans of tennis balls. Each can
has 3 tennis balls. How many tennis
balls does he have now?

-The answer is 11.

- CEEERTETED)

Q: How many keystrokes are needed
to type the numbers from 1 to 5007
Answer Choices: (a) 1156 (b) 1392 (c) 1480
(d) 1562 (e) 1788

ster is (b).

Chain-of-Thought Prompting

S commammonssg

Q: Sammy wanted to go to where the
people were. Where might he go?
Options: (a) race track (b) populated areas
(c) desert (d) apartment (e) roadblock

So the answer is (b).

J

_

Q: Yes or no: Would a pear sink in
water?

A:
So the

answer is no.

. AN

_

Q: The concert was scheduled to be
on 06/01/1943, but was delayed by
one day to today. What is the date 10
days ago in MM/DD/YYYY?

So the answer is 05/23/1943.

_

Q: Is the following sentence
plausible? "Joao Moutinho caught the
screen pass in the NFC
championship."

A:
So the

answer is no.

Human: How would you bring me
something that isn’t a fruit?

Plan: 1. find(energy bar) 2.
pick(energy bar) 3. find(user) 4.

Qut(energy bar) 5. done(). J

Q: Take the last letters of the words

in “Lady Gaga” and concatenate
them.

So the
answer is ya.

_ N\

Q: A coin is heads up. Maybelle flips

the coin. Shalonda does not flip the
coin. Is the coin still heads up?

Chain-of-Thought Prompting (CoT) unlocks
and boosts the compositional reasoning
ability in the natural language space.

So the answer
is no.

Jason et al, Chain-of-Thought Prompting Elicits Reasoning in Large Language Models, NeurlPS 2022




Limitations of LLMs (CoT)

e Lack the abilities for visual perception

Question: Which is the main persuasive appeal used in this ad?
Context: A black dog standing in front of a fence.

Options:

(A) logos (reason)

(B) ethos (character) Animals need
(C) pathos (emotion) e

Answer: The answer is C. BECAUSE: The ad is trying to make you feel a certain way about the product. It is not trying

to persuade you with logic or with an appeal to character. MMy,

N 4
Question: Which month is the wettest on average in Christchurch? AR HISCIEHERN SEISEITICH MEw =oaand g S
Context: Use the graph to answer the question below. 70t o ’ N
A series of photographs showing a variety of colorful objects. 60
Options: £ 50 .
(A) April g 40 - .
(B) December 5 - Hugglng Face
(C) May ™ 10
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Answer: The answer is B. BECAUSE: The graph shows the average monthly rainfall in Christchurch from 1971 to 2000.
The wettest month on average is December, with an average rainfall of 154.8 mm.

The second wettest month is May, with an average rainfall of 163.1 mm.

The third wettest month is April, with an average rainfall of 151.4 mm.




Limitations of LLMs (CoT)

e An inability to access domain-specific knowledge and up-to-date information

Question: Complete the sentence. P
A dinosaur bone turning into rock over millions of years is a (). —
Options: (A) chemical change (B) physical change p—

Answer: The answer is B. BECAUSE: A physical change is a change to a substance that does not change
what the substance is made of.

A chemical change is a change to a substance that does change what the substance is made of.
In this sentence, the word ‘change’ is a verb. It is an action word. The word 'change’ is also a noun. It is a thing.

A physical change is a change to a substance that does not change what the substance is made of. For example, GO gle
when water freezes, it changes from a liquid to a solid. But it is still made of water molecules. So, freezing is a

physical change.

A chemical change is a change to a substance that does change what the substance is made of. For example,
when water evaporates, it changes from a liquid to a gas. But it is still made of water molecules. So, evaporating is
a physical change.

In this sentence, the word 'change’ is a physical change. A dinosaur bone turning into rock over millions of
years is a physical change.




Limitations of LLMs

e An inability to understand domain-specific context information

Table: Apples per tree
[TITLE] Apples per tree Stem Leaf
Stem | Leaf 1 13,6
;I;gg6 2 2,3,3,6
b T
413

5 | 2,6 5 2,6
6]0,0,2 6 0,02

7 | 2,8 7 2,8
8|4,5,5,6,7 8 4,5,5,6,7

Question: A farmer counted the number of apples on each tree in her orchard. How many trees have at
least 51 apples but fewer than 83 apples? (unit: trees)

Answer:

(Step 1) To solve this problem, look at the table and find all the trees that have at least 51 apples but fewer
than 83 apples.

(Step 2) There are three trees that have at least 51 apples but fewer than 83 apples. The answer is 3.

Output: 3

Ground truth: 7

Table: yellow tiger's eye $0.85
yellow tiger’s eye | $0.85 piece of green slate $0.59
piece of green slate | $0.59 .

piece of red sandstone | $0.19 pfece of red sandstone 50.19
piece of rose quartz | $0.61 piece of rose quartz $0.61
smooth piece of marble | $0.45 smooth piece of marble $0.45

Question: How much money does Connor need to buy a piece of rose quartz, a piece of green slate, and
a piece of red sandstone? (unit: $)

Answer:

(Step 1) Connor needs to buy a piece of rose quartz, a piece of green slate, and a piece of red sandstone. To
find the total amount of money Connor needs, add the prices of the three items.

(Step 2) $0.85 + $0.59 + $0.19 = $1.63

(Step 3) Connor needs $1.63 to buy a piece of rose quartz, a piece of green slate, and a piece of red sandstone.
The answer is 1.63.

Output: 1.63

Ground truth: 1.39

Google | Bing
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Limitations of LLMs

e Lack the ability to perform precise mathematical reasoning

Table:
[TITLE| Blocks from school
Name | Number of blocks

Name Number of blocks

Wendy 14
Wendy | 14 pea— 3
Carson | 8 Zach 7
Zach | 17 Lil 1
Lila| 17 a
Nicole | 3 Nicole 3
Shane | 7 Shane 7
Henry | 5 Henry 3
Devin | 17 LPi5i L7

Question: Some students compared how many blocks they live from school. What is the mean of the num-
bers?

Answer:

(Step 1) The mean is the average of the numbers.

(Step 2) To find the mean, add the numbers and divide by the number of students.
(Step3)14+8+17+17+3+7+5+17=86

(Step 4) There are 8 students, so divide 86 by 8.

(Step 5) 86 = 8 =10.75

(Step 6) The mean is 10.75. The answer is 10.75.

Output: 10.75

Ground truth: 11

Table:
[TITLE] Lawn mowers sold

Day | Number of lawn mowers Tu:d:i, —— l: —
Tuesday ’ 8 Wednesday 7
Wednesday | 7 Thursda s
Thursday | 5 e

Friday | 7 Friday !
Saturday | 9 Saturday o

Sunday | 8 UL g

Monday | 8 sy 5

Question: A garden supply store kept track of how many lawn mowers it sold in the past 7 days. What
is the median of the numbers?

Answer:

(Step 1) The median is the "middle” value. To find the median, put the numbers in order from least to greatest
and find the number in the middle.

(Step2)8,7,5,7,9,8,8

(Step 3) The median is 7. The answer is 7.

Output: 7

Ground truth: 8




Limitations of LLMs

e An inability to combine different tools to perform complex reasoning

Table:

[TITLE] Tour boat schedule

Ocean City | 8:15 A.M. | 9:00 AM. | 9:15 A M. | 9:30 A.M. | 10:00 A.M.

Whale Watch Harbor | 9:30 A.M. | 10:15 AM. | 10:30 AM. | 10:45 AM. | 11:15 A M.
Opyster Lighthouse | 10:15 A.M. | 11:00 AM. | 11:15 AM. | 11:30 A.M. | 12:00 PM.
Fisherman’s Cove | 11:15 A.M. | 12:00 PM. | 12:15 PM. | 12:30 P.M. | 1:00 P.M.
Surfing Beach | 12:00 PM. | 12:45 P.M. | 1:00 PM. | 1:15 PM. | 1:45 PM.

Ocean City 8:15AM. 9:00AM. 9:15AM. 9:30A.M. 10:00 A.M.
Whale Watch Harbor  9:30 A M. 10:15 AM. 10:30 AM. 10:45AM. 11:15 AM.
Oyster Lighthouse 10:15AM. 11:00AM. 11:15AM. 11:30A.M. 12:00 PM.
Fisherman's Cove 11:15AM.  12:00PM. 12:15PM. 12:30 PM. 1:00 PM.

Surfing Beach 12:00 PM.  12:45PM. 1:00PM. 1:15PM. 1:45PM.

Question: Look at the following schedule. Haley is at Ocean City at 9.45 A.M. How soon can she get to Go g Ie
Surfing Beach?

Options: (A) 1:45 PM. (B) 12:00 PM. (C) 10:30 A.M. (D) 12:15 PM.

Answer: o

(Step 1) Find 9:45 A.M. on the schedule. b BI ng

(Step 2) The next stop is Whale Watch Harbor at 10:15 A.M.

(Step 3) The earliest she can get to Surfing Beach is 12:00 P.M. The answer is 12:00 P.M.
Output: (B) 12:00 P.M.

Ground truth: (A) 1:45 P.M.




Tool Use

w | Hugging Face
() GitHub

Google

How to compose these numerous tools to tackle complex tasks?

?5 Tool-Augmented LLMs!




Existing Tool-Augmented LLMs

The New England Journal of Medicine is a registered
trademark of [QA(“Who is the publisher of The New
England Journal of Medicine?”) — Massachusetts
Medical Society] the MMS.

Out of 1400 participants, 400 (or [Calculator(400 / 1400)
— 0.29] 29%) passed the test.

The name derives from “la tortuga”, the Spanish word for
[MT(“tortuga”) — turtle] turtle.

The Brown Act is California’s law [WikiSearch(“Brown
Act”) — The Ralph M. Brown Act is an act of the
California State Legislature that guarantees the public's
right to attend and participate in meetings of local
legislative bodies.| that requires legislative bodies, like
city councils, to hold their meetings open to the public.

Toolformer: Language Models Can Teach Themselves to Use
Tools, https://arxiv.org/abs/2302.04761

(@) x ¥ HuggingGPT

[ﬁ] Can you describe what this picture depicts

and count how many objects in the picture?

LLM as Controller

A text can describe the given image: a herd of
giraffes and zebras grazing in a fields. In
addition, there are five detected objects as
giraffe with score 99.9%, zebra with score 99.7%, zebra
with 99.9%, giraffe with score 97.1% and zebra with
score 99.8%. | have generated bounding boxes as above
image. | performed image classification, object
detection and image captain on this image. Combining
the predictions of '+
, & and ‘¥
models, | get the results for you.

I Task
Planing

Prediction

II Model

JoctSeection) model wih eshet 161 bockbone = A

¥ facebook/
detr-resnet-101 |

( )

Selection

Prediction

IV Response
Generation

III Task Execution

HE
A 4

= ¥ nlpconnet/
vit-gpt2-image-captioning

HuggingGPT: Solving Al Tasks with ChatGPT and its Friends in Hugging Face, https://arxiv.org/abs/2303.17580

*2) Constrained to a small set of tools or task-specific tools



Existing Tool-Augmented LLMs

————————————

Query: How many muffins can each kid have for it to be fair? Execution

kid_patches =
image_patch. find(”kid”)

e

Generated Code muffin_patches =

image_patch. find(”’muffin”)

3

» len(muffin_patches)=8
» len(kid_patches)=2

»8//2 = 4
Result: 4

def execute_command(image):
image_patch = ImagePatch(image)
muffin_patches = image_patch.find("muffin")
kid_patches = image_patch.find("kid")
return str(len(muffin_patches) // len(kid_patches))

£ »drink_name = ‘tullamore dew’
'F; »alcoholic = ‘yes’

def execute_command(image):

image_patch = ImagePatch(image)

drink_patches = image_patch.find("drink")

for drink_patch in drink_patches:
drink_name = drink_patch.simple_query("What is this?")
alcoholic = llm_query(f"Does the {drink_name} have alcohol?")
if alcoholic == "no":

return drink_patch
return None

Result:

»drink_name = ‘bacardi’
»alcoholic = ‘yes’

»drink_name = ‘gin’
»alcoholic = ‘yes’

[ =)

Y »drink name = ‘dr pepper’

‘ »alcoholic = ‘no

[

=

ViperGPT: Visual Inference via Python Execution, https://arxiv.org/abs/2303.08128

@ Constrained to domain-specific commands or programs



Comparisons of Existing Work

Tool Use Skill Dimension Inference & Extension
Model Size ® © O b @ |Image Web Know. Math Table | Composition Planning Plug-n-Play
CoT [49] 1 vV X X X X| X X X v X X X X
Lila [33] 1 v X X X /| X X X v X X X X
PoT [6] 2 VX X X /| X X X v X X X X
Code4Struct [47] 1 vV X X X /| X X X X X X X X
PAL [9] 2 VX X X /| X X X v X X X X
MathPrompter [15] 2 VX X X V| X X X v X X X X
ART [37] 4 v X X vV /| X v X v X v X v
Toolformer [43] S5 X X X vV X| X v X X X X natural lang. X
WebGPT [34] 10 v X X V X| X v X X X v program X
MM-ReAct [52] >10 v X X V X| / v v v v v word match v
Visual ChatGPT [51] >10 v - - X X| V X X X X v natural lang. v
ViperGPT [45] >10 v - - X X| V X v v X v program v
VisProg [11] >0 v - - X /| V/ X X X X v program v
HuggingGPT [44] >I0 v vV X X X| V/ X X X X v natural lang. v
Chameleon (ours) >10 v v vV VvV V| V/ v v v o v natural lang. v




Chameleon: Examples

What is the direction of this push?
(A) away from the baseball bat

( [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 J [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 L A

plates now (A) pathos (emotion)

carry the Sierra

\““;’pgfgt;’[ (B) ethos (character)
\ (C) logos (reason)

é

A d

Whi;:h is the main persuasive
\appeal used in this ad?

\ 4
- 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.

1

|

|

|

|

|

|

|

|

|

Text Detector O]—b[Knowledge Retrieval @]—P[Solution Generator @]—»[Answer Generator@ :
\ J |
¢ I
|

|

|

|

|

|

|

|

|

|

Which animal’s skin is adapted

for survival in cold places?
(A) Eurasian lynx

B) Thorny Devil

{




Chameleon: Examples

Federal income tax $133.44
State income tax $62.10
Other taxes ~ $91.00

Pay after taxes ?

Look at Bronson's pay stub. Bronson lives
in a state that has state income tax. How
\much did Bronson make after taxes?

B
Employee Pay period
Bronson Le March 16-31

Total earnings $1,200.00

_4

-
 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?

/—\

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

(©) 1:10 P.M. (D) 10:45 AM. )

H Knowledge Retrieval @]—b

A4
[ Table Verbalizer @]—»

rThis table shows Bronson's pay stub for the pay period of March
16-31.Total earnings represent the amount of money Bronson
made before taxes. Federal income tax, state income tax, and
other taxes are the amounts deducted from Bronson'’s total
earnings for various taxes. Total taxes can be calculated by adding
the federal income tax, state income tax, and other taxes. Pay
after taxes is the amount of money Bronson made after all
taxes have been deducted from his total earnings. This can be

| calculated by subtracting the total taxes from the total earnings.

The table shows Bronson Le's pay stub for the pay period of March )
16-31. It includes his total earnings of $1,200.00, federal income tax
of $133.44, state income tax of $62.10, and other taxes of $91.00.
The total taxes and pay after taxes are not provided but can be
calculated by adding the tax amounts and subtracting them
from the total earnings, respectively.

Program Verifier P

'total_earnings = 1200

federal_income_tax = 133.44

state_income_tax = 62.10

other_taxes = 91.00

total_taxes = federal_income_tax + state_income_tax +
other_taxes

Program Executor P

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
\

(ans = total_earnings - total_taxes

Knowledge Retrieval @]—>

v
[ Program Generator @

This 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.

!

1
1
1
1
1
1
1
1
:
1
"' Program Verifier @
1
1
1
1
1
1
1
1
1
1
1

Program Executor P

(miles_hiked = [10, 9, 1@, 5, 9]

miles_hiked = sorted(miles_hiked)

middlel = (len(miles_hiked) - 1) // 2

middle2 = len(miles_hiked) // 2

|ans = (miles_hiked[middlel] + miles_hiked[middle2]) / 2

Row Lookup

L

A4

Location Arrive

train station

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

'd 5
(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

I

I

I

I

I

I

:

i Y
i [ Solution Generator @ ]_, (Step 2) Train station: 12:35 P.M. The bus departs from the train
I

I

1

I

I

I

I

I

1

[ Answer Generator




Chameleon: LLM Planner

Answer
Generator

@ 0openAr @ python” £

Response



Chameleon: LLM Planner

p
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.
\

p
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
o 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.

@ O AI Text_Detector: This module detects the text in the given image. Normally, we consider using "Text_Detector"
pen 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?

S

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

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.

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"]




Chameleon: Module Inventory




Chameleon: Knowledge Retrieval

r

\

Read the following question, and generate the background knowledge as the context information
that could be helpful for answering the question.

Ve

Question: Which property do these three objects have in common?
Options: (A) hard (B) soft (C) yellow

Metadata: ‘pid’: 43, ‘has_image’: True, ‘grade’: 4, ‘subject’: ‘natural science’, ‘topic’: ‘physics’,
‘category’: ‘Materials’, ‘skill’: ‘Compare properties of objects’

Detected text in the image: [‘handkerchief’, ‘slippers’, ‘leisure suit’]

Knowledge:

- This question is about comparing the properties of three objects: a handkerchief, slippers, and a
leisure suit.

- The objects are related to the topic of physics and the skill of comparing properties of objects.

- Properties of objects can include physical characteristics such as color, texture, shape, size, weight,
and material.




€

Chameleon: Query Generator

r

Read the following question and metadata, and generate the query for browser search as the context
information that could be helpful for answering the question.

\

Question: Which property do these two objects have in common?

Options: (A) hard (B) bendable

‘ Metadata: ‘pid’: 329, ‘has_image’: True, ‘grade’: 2, ‘subject’: ‘natural science’, ‘topic’: ‘physics’,
‘category’: ‘Materials’, ‘skill’: ‘Compare properties of objects’

Detected text in the image: [([[41, 183], [131, 183], [131, 199], [41, 199]], ‘rubber gloves’),
@ OpenAI ([[245, 183], [313, 183], [313, 197], [245, 197]], ‘rain boots’)]

Search Query: Common material properties of jump rope and rubber gloves




S

Chameleon: Row Lookup

Read the following question and table. Each row is separated by a newline (\n’) and each column is separated
by a vertical bar (‘|'). Return the simplified table that only remains the rows that are relevant to the question. If
all rows are relevant, or the number of rows is fewer than three, return the original table.

r

Question: In preparation for graduation, some teachers and students volunteered for the various graduation
committees. How many people are on the music committee?

Table:
Committee | Students | Teachers

Program | 5| 17
@OpenAI Ticket | 20 | 5
Music | 20 | 15

Schedule | 15| 20
Food | 18| 2

Simplified Table:
Committee | Students | Teachers
Music | 20 | 15




Chameleon: Table Verbalizer

Read the following question and table. Write a textual description of the table. The description should keep the
critical information in the table for answering the question. The description should not answer the question.

Table:
Committee | Students | Teachers
Program | 5| 17
Ticket | 20 | 5
Music | 20 | 15
Schedule | 15| 20
Food | 18| 2
@ OpenAI e
Table description: The table shows the number of students and teachers on each of the four graduation
committees: Program, Ticket, Music, and Schedule. The Music committee has 20 students and 15 teachers.




Chameleon: Program Generator

Read the following table and then write Python code to answer a question.

s

Table:

Price | Quantity demanded | Quantity supplied
$895 | 21,000 | 3,400

$945 | 17,200 | 7,400

$995 | 13,400 | 11,400

$1,045 9,600 | 15,400

$1,095 | 5,800 | 19,400

Questions: Look at the table. Then answer the question. At a price of $995, is there a shortage or a
surplus? Please select from the following options: [‘shortage’, ‘surplus’].

Code:
# Python Code, return 'ans'. Make sure that 'ans' is a string selected
from the options in the question
quantity demanded _at price 955 = 13400
quantity_supplied_at_price 955 = 11400
quantity demanded at price 955 > quantity supplied at price 955:
ans = 'shortage’

ans = 'surplus’




Chameleon: Solution Generator

Y
S

@OpenAI

S

\_

Given the question (and the context), select the answer from the options [*A”, “B”, “C”, “D”, “E”]. You should give
concise and step-by-step solutions. Finally, conclude the answer in the format of "the answer is [ANSWER]",
where [ANSWER] is one from the options ["A", "B", "C", "D", "E"].

Vs

Question: Which property do these two objects have in common?

Context: Select the better answer.

Options: (A) hard (B) bendable

Metadata: ‘pid’: 6493, ‘has_image’: True, ‘grade’: 2, ‘subject’: ‘natural science’, ‘topic’:

‘Physics’, ‘category’: ‘Materials’, ‘skill’: ‘Compare properties of objects’

Image caption: A pair of scissors next to a pair of scissors.

Detected text with coordinates in the image: [([53, 185], jump rope’), ([233, 183],], ‘rubber gloves’)]
Retrieved knowledge:

- Properties of objects can include physical characteristics such as color, texture, shape, size, weight, and

material. In this case, the two objects have the property of being bendable in common.

Solution: An object has different properties. ... The property that both objects have in common is bendable.
Therefore, the answer is B.




ScienceQA: Science Question Answering

Question: Which type of force -°->Answer: The answer 1s A.
from the baby's hand opens the

cabinet door? BECAUSE:

‘Lecture: A force is push or a pull that one
g object applies to a second object. The direction
» of a push 1s 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 0
9; the cabinet door. This force causes the door to
open. The direction of this force is toward the
Paby's hand. This force 1s a pull.




Domain Diversity in ScienceQA

Nature Science

Social Science

Language Science

Biology B
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 T7)
Earth events : @
Plate tectonics &=

Physics Geograph —r~ [History Civics
Ma)t,erials Stategca;tai *| | Colonial America M Social skills %ﬁ
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 A
States of matter Oceans and continents World religions Banking and finance
Kinetic and potential energy Cities American history Global Studies (o0
Mixture States Medieval Asia ~ »< Society and environment S22
Chemistry Writing Strategies Vocabulary RBE Verbs
Solutions > 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 Punctuation
Engincering Audience, purpose, and tone Grammar Fragments
. : Pronouns and antecedents

Designing experiments . ¢ Sentences and fragments Phonology
B e % Persuasive strategies Ph il Rhvmi

g gp Editing and revising = Lascsand ¢ auscs yming
Units and Measurement y Visual elements =& Figurative Language Reference
Weather and climate Opinion writing Literary devices @ Research skills

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

3

subjects

26

topics

127

categories

379

skills


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

Context Diversity in ScienceQA

table tennis

Summer
Olympics

figure skating

Winter
Olympics

curling

THOMAS ALCOTT
FURNITURE

Everything we sell is hand-crafted
and comes with our Quality
Workmanship Guarantee.

Police
Department

.
Grocery
L
Store
L D
® =

7

Gas Station

60

Mercury rock
Venus 930 rock
Earth 1,090 rock
Mars 160 rock
Jupiter 1,431,280 gas
Saturn 827,130 gas
Uranus 68,330 ice
Neptune 62,530 ice

Aden Ridge

—

3,800

| 3,688
(17.92%)|

(17.39%)

Image Text

7,188
(33.89%) No context  (image and text! |

barren-ground
caribou

mushroom |

Precipitation (inches)

Vistle

Leading
Brand

2x the meat

Vistle Cat Food has twice the meat of the
leading brand.

Average precipitation in Seattle, Washington

—
>
L g

O = N Wk oo~ ®©®wOo




Module Inventory for ScienceQA

@ Hugging Face | Image Captioner

Question: Which type of force ]‘ -°->[Answer: The answer is A.|

from the baby's hand opens the
cabinet door?

G °
ItH Ub TeXt DeteCtor (Lecture: A force is a - ora - that one

[Options: (A) pull (B) push ]— object applies to a second object. The direction
of a push is _ the object that is
pushing. The direction of a pull is toward the

Vm

Context: A baby wants \object that is pulling.

to know what is 4 ] p - . =
inside of a cabinet. = ﬂ Explanation: The baby's hand applies -
Her hand applies ‘ " §I g the cabinet door. This force causes the door to

a force to the door, ) open. The direction of this force is toward the
and the door opens. \baby's hand. This force is a . )

Answer Generator




Chameleon for ScienceQA

Earthzy paper

2 rov| (A) pathos (emotion)

\“”a"p;ﬁ:::[ (B) ethos (character)
\ (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

1| [275, 198]: approval and authority of the Sierra Club, which is an example of ethos (character).

:

|

1

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

T
Text Detector O]—D[Knowledge Retrieval @]——D[Solution Generator @]—»[Answer Generator@]
! !

- 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.

(Response 1) Adaptations: Have a thick fur coat for insulation against the
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.
(Response 2) The polar bear is adapted to life in a cold climate Polar

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...

5
Image Captionerf"-‘i, —D[Query Generator@]—b[Bing Searchb]—b[Solution Generator@]—»[Answer Generator@]

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

\(B) Thorny Devil

Animal skin adaptations for The context mentions that polar bears live in and around the cold
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
|desert-dwelling reptile. Therefore, the answer is A.

S O N O D S e



Results on ScienceQA

#Tuned

Model Params ALL | NAT SOC LAN | TXT IMG NO Gl1-6 G7-12
Heuristic baselines
Random Choice [27] - | 39.83 | 40.28 46.13 29.25 | 47.45 40.08 33.66 | 39.35 40.67
Human [27] - | 8840 | 90.23 84.97 8748 | 89.60 87.50 88.10 | 91.59 82.42
Fine-tuned models
MCAN [55] 95M | 5454 | 56.08 4623 58.09 | 5943 51.17 5540 | 51.65 59.72
Top-Down [1] 70M | 59.02 | 59.50 5433 61.82 | 6290 54.88 59.79 | 57.27 62.16
BAN [18] 112M | 59.37 | 60.88 46.57 66.64 | 62.61 52.60 65.51 | 56.83 63.94
DFAF [10] 74M | 60.72 | 64.03 48.82 63.55 | 6588 5449 64.11 | 57.12 67.17
ViLT [19] 113M | 61.14 | 6048 63.89 60.27 | 63.20 61.38 57.00 | 60.72 61.90
Patch-TRM [29] 90M | 6142 | 65.19 46.79 65.55 | 6696 5528 6495 | 58.04 67.50
VisualBERT [22, 23] 111M | 61.87 | 59.33 69.18 61.18 | 62.71 62.17 5854 | 62.96 59.92
UnifiedQA [17] 223M | 70.12 | 68.16 69.18 7491 | 63.78 61.38 77.84 | 72.98 65.00
UnifiedQA CoT [27] 223M | 74.11 | 71.00 76.04 7891 | 6642 66.53 81.81 | 77.06 68.82
MM-COT7 [57] 223M | 70.53 | 71.09 70.75 69.18 | 71.16 65.84 71.57 | 71.00 69.68
MM-COT [57] 223M | 8491 | 87.52 77.17 85.82 | 87.88 8290 86.83 | 84.65 85.37
MM-COT Lqrge [57] 738M | 91.68 | 9591 82.00 90.82 | 9526 88.80 92.89 | 92.44 90.31
LLaMA-Adapterr [56] 1.2M | 7831 | 79.00 73.79 80.55 | 7830 70.35 83.14 | 79.77 75.68
LLaMA-Adapter [56] 1.8M | 85.19 | 84.37 88.30 84.36 | 83.72 80.32 86.90 | 85.83 84.05
Few-shot GPT-3
GPT-3 [4] OM | 7404 | 75.04 6659 78.00 | 7424 65.74 79.58 | 76.36  69.87
GPT-3 CoT [27] OM | 75.17 | 7544 70.87 78.09 | 74.68 67.43 79.93 | 7823 69.68
Published results (Above) A
Few-shot ChatGPT
ChatGPT CoT OM | 7831 | 78.82 7098 83.18 | 77.37 67.92 86.13 | 80.72 74.03
Chameleon (ChatGPT) OM | 79.93 } 81.62 70.64 84.00 | 79.77 70.80 86.62 | 81.86 76.53
Few-shot GPT-4
GPT-4 CoT OM | 8399 | 8548 7244 90.27 | 82.65 7149 92.89 | 86.66 79.04
Chameleon (GPT-4) ‘ OM | 86.54 } 89.83 74.13 89.82 | 88.27 77.64 92.13 } 88.03 83.72

B 0 Ours (few-shot) [ Few-shot Fine-tuned

Chameleon
(GPT-4)

GPT-4 CoT

Chameleon
(ChatGPT)

ChatGPT CoT

GPT-3 CoT

GPT-3

UnifiedQA CoT -

|

LLaMA-Adapter* -

l

MM-COT* + 840

65.0 70.0 75.0 80.0 90.0



TabMWP: Tabular Math Word Problems

square beads $2.97 per kilogram Question: If Tracy buys 5 kilograms of spherical beads, 4 kilograms of
. star-shaped beads, and 3 kilograms of flower-shaped beads, how much
oval beads $3.41 per kilogram will she spend? (unit: $)
flower-shaped beads $2.18 per kilogram Answer: 31.44
. Solution:
star-shaped beads $1.95 per kilogram Find the cost of the spherical beads. Multiply: $3.42 x 5= $17.10.
heart-shaped beads $1.52 per kilogram Find the cost of the star-shaped beads. Multiply: $1.95 x 4 = §7.80.
spherical beads $3.42 per kilogram Find the cost of the flower-shaped beads. Multiply: $2.18 x 3 = $6.54.
: Now find the total cost by adding: $17.10 + $7.80 + $6.54 = $31.44.
rectangular beads $1.97 per kilogram | She will spend $31.44. )
Sandwich sales Question: As part of a project for health class, Cara surveyed local delis |
about the kinds of sandwiches sold. Which shop sold fewer sandwiches,
Shop Tuna Egg salad Sandwich City or Express Sandwiches?
City Cafe 6 5 Options: (A) Sandwich City (B) Express Sandwiches
Sandwich City 3 12 Answ.er: (A) Sandwich City
Solution:
Express Sandwiches 7 17 Add the numbers in the Sandwich City row. Then, add the numbers in
Sam's Sandwich Shop 1 the Express Sandwiches row.
Sandwich City: 3 + 12 = 15. Express Sandwiches: 7 + 17 = 24.
Kelly's Subs 3 4 15 is less than 24. Sandwich City sold fewer sandwiches.

&

2 Tasks 38,431 Problems 35,442 Solutions 37,644 Tables 1 29/54 Avg/Max cells

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



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

Context Diversity in TabMWP

8:00 AM. 9:15AM. 9:30 AM. 10:00 AM. 11:00 A.M.
9:00 AM. 10:15 AM. 10:30 AM. 11:00 AM. 12:00 P.M.
9:15 AM. 10:30 AM. 10:45 AM. 11:15AM. 12:15PM.
._ 11:00 AM. 11:30 AM. 12:30 PM.

: 1:30 PM.

11:15 AM. _ 12:45 PM. _ 2:15 PM.

the kickball field ~ 11:45AM.  1:00PM. 1:I5PM. 1:45PM. 2:45PM.

the playground ~ 12:45PM.  2:00PM. 2:15PM. 2:45PM. 3:45PM.
thedoctorsoffice  L:ISPM.| 230PM. 245PM.| 3:15PM.

4:15 PM.

o Towbatschedle
Ocean City ~ S:I5AM. 9:00AM. 9:15AM. 9:30 AM. 10:00 A.M.
9:30 AM. 10:15 AM. 10:30 AM. 10:45 AM. 11:15 A M.
Oyster Lighthouse  10:15 AM. 11:00 AM. 11:15 AM. 11:30 AM. 12:00 PM.
Fisherman's Cove  11:15AM. 12:00PM. 12:15PM. 12:30PM. 1:00 PM.
SurfingBeach ~ 12:00PM. 1245PM. 1:00PM. L:I5PM. 1:45PM.

Dhruba Khanal December 9-15

amethyst $19.88 per Ib
Bl ol $16.00 per Ib Federal income tax $71.14
‘qutz Sl4@3perlb .
) Other taxes $47.00

calcite $15.39 per Ib

1 2/kil
rectangular beads $2/kilogram Add an upgrade
Ssphericalbeads  S2kilogram g o
oval beads $2/kilogram

H Park 2
Wednesday Singing — —
i . « | Kelly Park 7 2 2o 3 3o ©
ursda;
— y . Lei Ty Eale > 0 Westfield Park 4 30
rida; i
y Jumping rope 16 20 Pinehurst Park 4 4 3
Saturday 52 Swimming 16 19 Linden Park 3 5 2,6
Playing tag 4 9 Mooreland Park 7 6 0,02
Crestview Park 2 7 2,8
Riverfront Park 4 8 4,5,5,6,7



Module Inventory for ScienceQA

@OpenAI

@ python’

Row Lookup
Column Lookup
Table Verbalizer
Knowledge Retrieval
Solution Generator
Program Generator

square beads

oval beads
flower-shaped beads
star-shaped beads

$2.97 per kilogram
$3.41 per kilogram
$2.18 per kilogram
$1.95 per kilogram

Question: If Tracy buys 5 kilograms of spherical beads, 4 kilograms of
star-shaped beads, and 3 kilograms of flower-shaped beads, how much
will she spend? (unit: $)

Answer: 31.44

Solution:

Find the cost of the spherical beads. Multiply: $3.42 x 5= $17.10.

Find the cost of the star-shaped beads. Multiply: $1.95 x 4 = $7.80.
Find the cost of the flower-shaped beads. Multiply: $2.18 x 3 = $6.54.
Now find the total cost by adding: $17.10 + $7.80 + $6.54 = $31.44.
She will spend $31.44.

Program Verifier
Program Executor

Answer Generator

heart-shaped beads $1.52 per kilogram
spherical beads $3.42 per kilogram
rectangular beads $1.97 per kilogram
Sandwich sales
Shop Tuna Egg salad
City Cafe 6 5
Sandwich City 3 12
Express Sandwiches 7 17
Sam's Sandwich Shop 1 6
Kelly's Subs 3 4

Question: As part of a project for health class, Cara surveyed local delis
about the kinds of sandwiches sold. Which shop sold fewer sandwiches,
Sandwich City or Express Sandwiches?

Options: (A) Sandwich City (B) Express Sandwiches

Answer: (A) Sandwich City

Solution:

Add the numbers in the Sandwich City row. Then, add the numbers in
the Express Sandwiches row.

Sandwich City: 3 + 12 = 15. Express Sandwiches: 7 + 17 = 24.

15 is less than 24. Sandwich City sold fewer sandwiches.




Chameleon for TabMWP

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

[ Program Executorﬁ
v
[ Answer Generator @]—P‘II

J

(" N F— )
_ Knowledge Retrieval @]_, This 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 I
Day Miles | when the data is arranged in order. To find the median, the data :
Sunday 10 : v must 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 @ \ ) ) :
I -
Tuesday 10 | i miles_hiked = [10, 9, 10, 5, 9] :
Wednesday 5 I a m?ﬁﬁi—'{ike‘gf ?oried(m@tezshikig)// , !
I . middlel = (len(miles_hiked) -
Program Verifier = !
Thursday 9 ! 9 middle2 = len(miles_hiked) // 2 .
I |ans = (miles_hiked[middlel] + miles_hiked[middle2]) / 2 ) :
| :
! 1
! |
! |
! |
! |
! |
! 1

(A) 12:35 P.M. (B) 1:10 P.M.
@) 1:10 P.M. (D) 10:45 A M.

J

T 1) :
 Busschedue Location ~ Arrive  Depart .
Location Arrive  Depart . e @|_' train station  12:25 P.M. 12:35 P.M. :
stadium 10:20 AM. 10:25 AM. : :
park 10:35 AM. 10:45 A.M. : e p :
. ; I (Step 1) Find the train station on the schedule. Find the departure |1
9] 1110 AM. S : time for the train station. :
airport 12:05 P.M. 12:10 P.M. I A 4 I
train station  12:25 P.M. 12:35 P.M. I [ Solution Generator @ ]_> (Step 2) Train station: 12:35 P.M. The bus departs from the train ||
" I station at 12:35 P.M. I
bus station 1:10 P.M. | 1:10 P.M. I I

| .
Look at the following schedule. When does [ (Step 3) The answer is 12:35 P.M. :
the bus depart from the train station? : ) g ;
: :
| |

v
[ Answer Generator @




Results on TabMWP

Model ﬁg‘;‘;‘: ALL |[FREE MC | INT DEC EXTR BOOL OTH | Gl1-6 G7-8

Heuristic baselines

Heuristic guess -11529| 671 39.81| 837 026 30.80 5122 26.67|17.55 1227 B 0 ours B Existing methods

Human performance -190.22 | 84.61 9332|8495 8329 97.18 88.69 96.20 | 9427 81.28

Fine-tuned models

UnifiedQAgyars [17] 41IM [29.79 | 2227 51312727 2.83 5228 48.11 69.52]35.85 21.71 Chameleon

UnifiedQAg s [17] 203M | 4352 | 34.02 70.68 | 4074 7.90 8409 5567 7333|5331 30.46 (GPT-4)

UnifiedQA  arce [17] 738M | 57.35 | 48.67 82.18|55.97 20.26 94.63 68.89 79.05|65.92 4592 Chameleon

TAPEXg4s: [25] 139M | 48.27 | 39.59 73.09 | 46.85 11.33 84.19 61.33 69.52|56.70 37.02 (ChatGPT)

TAPEX| arcs [25] 406M | 58.52 | 51.00 80.02|59.92 16.31 9534 64.00 7333 | 67.11 47.07 Codex PoT-

Zero-shot GPT-3 SC

GPT-3 [4] OM | 56.96 | 53.57 66.67 | 55.55 45.84 7822 55.44 54.29|63.37 48.41 Codex PoT

GPT-3 CoT [49] OM |57.61 | 54.36 66.92 |55.82 48.67 78.82 55.67 51.43|63.62 49.59

Few-shot GPT-3 PromptPG

GPT-3 [4] OM |57.13 | 54.69 64.11 |58.36 40.40 7595 5241 53.02|63.10 49.16

GPT-3 CoT [49] OM | 62.92 | 60.76 69.09 | 60.04 63.58 76.49 61.19 67.30 | 68.62 55.31 GPT-3 CoT

GPT-3 CoT-PromptPG [28] OM | 6823 | 66.17 74.11 |64.12 74.16 76.19 72.81 6571|7120 64.27

Codex* [5] OM | 59.4 . - - - - - - - - Codex

Codex PoT* [6] OM | 73.2 - - - - - - - - -

Codex PoT-SC* [6] OM | 81.8 - - - - - - - - - TAPEX
Published results (Above) A

Few-shot ChatGPT GPT-3

ChatGPT CoT OM | 82.03 | 7843 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 8589 5524 |90.60 88.00 BT E S E A A S E S P S

Chameleon (ChatGPT) OM 9328 | 93.13 93.72 19271 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 9322 9625 98.00 68.57 | 96.97 96.87

Chameleon (GPT-4) OM |98.78 | 98.95 98.29 | 99.34 97.42 98.58 98.56 93.33 | 98.95 98.54




Tool Use for ScienceQA

Text Detector Image Captioner Query Generator Bing Search

. Not called
Chameleon ‘
(ChatGPT)
Knowledge Retrieval Text Detector Image Captioner Query Generator Bing Search
Chameleon
(GPT-4)

000



Tool Use for TabMWP

Column Lookup Table Verbalizer Knowledge Retrieval Solution Generator

. Not called
Chameleon
(ChatGPT)

Row Lookup Column Lookup Table Verbalizer Knowledge Retrieval Solution Generator

eoe

Chameleon
(GPT-4)




query generator

bing search !
! |

text detector

solution generator

image captioner

knowledge retrieval 21

0.06

0.11

solution_generator table verbalizer

1.0
1.0

The LLM planner is able
to make good decisions
on how to sequence tools
in a few-shot setup.

answer generator
1.0

Transition Graph ‘
(ScienceQA) @

0.26

row_lookup

</

column lookup

‘p 0.27 0.39
knowledge retrieval 0.2
0.36 74

1.0
1.0
1.0

Transition Graph

@ (TabMWP)



Take-Away

S

Chameleon: a plug-and-play compositional reasoning framework that augments LLMs with various tools

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 tools by natural language instructions
Efficiently extendable to using new modules

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

) ) )
0’0 0’0 0’0



More Detalils

e Paper: https://arxiv.org/abs/2304.09842
e Project: https://chameleon-lim.qgithub.io/
e Code: https://github.com/lupantech/chameleon-lim

WorldofAl
2 3 @intheworldofai 5.92K subscribers 70 videos

World of Ai is here to push the creative use of Artificial Intelligence (Al) ap... >

= 1
®
=

-S>

u https://www.youtube.com/watch?v=EWFixlk4vijs



https://arxiv.org/abs/2304.09842
https://chameleon-llm.github.io/
https://github.com/lupantech/chameleon-llm
https://www.youtube.com/watch?v=EWFixIk4vjs

