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1 PROMPTS USED IN CANTOR

Cantor consists of two stages: Decision-Generation and Execution.
For different models, Cantor (Gemini) and Cantor (GPT-3.5) use
the same prompt during the Decision-Generation stage and the
Execute-Synthesis stage. During the Execute-Synthesis stage, we
use the generated sub-tasks as the prompts. In terms of prompts
for different datasets, only the in-context learning examples are
different, while the other prompts are used the same.

1.1 Decision-Generation

In the Decision-Generation stage, the prompt template we used
includes task instructions and in-context learning examples. The
task instructions, as shown in Fig 1, actually include the guidance
for the task, the functional definition of the expert module, and the
format requirements for the answers. We design different in-context
learning examples based on the characteristics of ScienceQA and
MathVista. For ScienceQA, we use in-context learning examples as
shown in Figs 2, 3, and 4. For MathVista, we use in-context learning
examples as shown in Figs 5 and 6.

1.2 Execute-Modularization

In the Execute-Modularization stage, Cantor executes the sub-tasks
assigned by the Decision-Generation by calling the expert module
played by MLLM. Therefore, at this stage, we do not use manually
designed prompts and directly input the assigned sub-tasks into
MLLM as prompts, in the specific format of [Expert Module: a
corresponding sub-task]. For example: [ChartSense Expert: Extract
the values of all the bars from the chart.] and [VisionIQ Analyst:
What is the total number of people in the image?].

1.3 Execute-Synthesis

We use the prompt template shown in Fig 7 to generate answers
during the Execute-Synthesis stage. This includes prompts for gen-
erating answers and formatting requirements for answers. This
includes three key points: 1. Play the role of an Answer Gener-
ator who is knowledgeable and adept at integrating information.
2. Think carefully before answering. 3. Maintain rationality and
criticality when dealing with supplementary information.

2 ADDITIONAL ANALYSIS OF CANTOR

2.1 Case Presentation

In Figs 8, 9, 10, we show some specific cases of Cantor. It can be seen
that Cantor has good decision-generating and practical problem-
solving abilities.

2.2 Ablation Study with Modules

In this section, we further analyze the ablation study of the expert
module. In the ablation experiment in the main text, we find that
enabling a module has a greater impact on model performance than

disabling a module. We speculate that this is because when MLLM
acts as various experts, it possesses a certain degree of universal
higher-level information capture capability. As shown in Fig 11,
after disabling ChartSense Expert, Cantor will adaptively adjust
the decision and instead ask VisionIQ Analyst questions to obtain
information about the chart. And VisionIQ Analyst also correctly
answers this sub-task and facilitates the final inference to obtain the
correct answer. This case illustrates that thanks to the versatility
of MLLM, when playing various experts using MLLM, even if one
expert module is disabled, the remaining expert modules can to
some extent compensate for the lack of that module.

However, disabling a certain expert module still affects the in-
tegrity of Cantor. As shown in Fig 12, for chart information extrac-
tion, compared to ChartSense Expert, when using VisionIQ Analyst,
it only extracts data for three bars and ignores the other bars with
values of 0. This indicates that although different expert modules
are to some extent universal, they are not omnipotent. Specific
expert modules still focus on specific abilities and are lacking in
other professional abilities. This also demonstrates the importance
and irreplaceability of the four expert modules we propose. At the
same time, we believe that thanks to the excellent scalability of
Cantor, introducing more expert modules with different functions
will further improve its performance.

2.3 Impact of Visual Information Levels

In this section, we demonstrate the impact of different levels of
visual information on Gemini’s decision generation. As shown in
Fig 13, when asking which country is highlighted, the model cannot
answer the question both in the absence of visual information and
with only a rough caption provided. This is because the model
cannot acquire effective visual information solely from the question
or a rough caption. When entering a detailed caption, even if it
contains a lot of content, it is irrelevant information and lacks key
information about what the highlighted country is. The model still
cannot answer the question. Only by inputting images can the
model obtain sufficient visual information for problem-solving.

As shown in Fig 14, another case is shown. When the detailed
caption contains key information to answer the question, the model
can also provide the correct answer. However, it should be noted
that in practical applications, we cannot control whether the cap-
tions include key information for solving problems. On the contrary,
the image must contain clues to the problem-solving. Therefore,
inputting images is the best way to obtain visual information during
decision generation.
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117 o o . 75
. Decision Generation Prompt o

119 177
120 You are a advanced question-answering agent equipped with four specialized modules to aid in 178

analyzing and responding to queries about images:

121 179

122 . P . . 180
1. TextIntel Extractor: This module extracts and converts text within images into editable text format.
It's particularly useful for images containing a mix of text and graphical elements. When this module is
required, specify your request as: "TextIntel Extractor: <specific task or information to extract>."

123 181

124 182

125 183
126 2. ObjectQuant Locator: This module identifies and locates objects within an image. It's adept at 184
127 counting objects and determining their spatial arrangement. When you need this module, frame your 185

request as: "ObjectQuant Locator: <objectl, object2, ..., objectN>," listing the objects you believe need
detection for further analysis.

128 186

129 187

130 188

3. VisionIQ Analyst: This module processes and interprets visual data, enabling you to ask any queries

131 related to the image's content. When information from this module is needed, phrase your request as: 189
132 "VisionlQ Analyst: <your question about the image>." 190
133 191
134 4.ChartSense Expert: This module specializes in analyzing and interpreting information from charts 102

and graphs. It can extract data points, understand trends, and identify key components such as titles,
axes, labels, and legends within a chart. When you require insights from a chart or graph, specify your
request as: "ChartSense Expert: <specific aspect of the chart you're interested in or question you have
about the chart>."

135 193

136 194

137 195

138 196
139 When faced with a question about an image, which will be accompanied by a hint that might not cover 197
140 all its details, your task is to: 198
141 199

If the question can be answered directly based on the information provided without the need for
detailed input from the modules, specify this explicitly. Do not disclose the answer itself.

142 200

143 . 201
Otherwise:
144 - Provide a rationale for your approach to answering the question, explaining how you will use the 202
145 information from the image and the modules to form a comprehensive answer. 203
146 - Assign specific tasks to each module as needed, based on their capabilities, to gather additional 204
147 information essential for answering the question accurately. 205
148 206
149 Your response should be structured as follows: 207
10 Answer: 20
151 ["This question does not require any modules and can be answered directly based on the information 209
152 provided."] or [Rationale: Your explanation of how you plan to approach the question, including any 210
153 initial insights based on the question and image information provided. Explain how the modules' input 211
154 will complement this information.] 212
155 213

Modules' tasks (if applicable):

. 1. TextIntel Extractor: [Specify the text or information to be extracted from the image, if necessary.] s
2. ObjectQuant Locator: [List the objects to be identified or counted in the image, if required.]

156 214

158 3. VisionlQ Analyst: [Pose any specific questions you have about the image that require deeper visual 216
159 analysis, if applicable.] 217
160 4. ChartSense Expert: [Extract chart data or specify any questions about the chart, if required.] 218
161 219
162 Ensure your response adheres to this format to systematically address the question using the available 220
16 modules or direct analysis as appropriate. 1
104 Here are some examples: e
165 223
166 224
167 Please refer to the prompts and examples above to help me solve the following problem: <Question>. 225
168 226
169 227
170 228
171 Figure 1: The prompt of the Decision-Generation stage. 229
172 230
173 231

174 232
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In-context Learning Examples (ScienceQA)

Here are some examples:

"Question1":"Which solution has a higher concentration of blue particles?",
"Choices":[

"Solution B",

"neither; their concentrations are the same",

"Solution A"

I8

Answer:

1. Concentration in a solution refers to the amount of a substance (solute) present in a specified amount
of another substance (solvent).

2. To know the solvent volume, we need TextIntel Extractor to extract information about the volume
from the image.

3. To understand the number of blue particles in solution A and solution B, we need a ObjectQuant
Locator to detect them.

Modules' tasks:
1. TextIntel Extractor: Extract keywords related to solution volume in Solution A and Solution B.
2. ObjectQuant Locator: the number of blue particles in Solution A and Solution B.

"Question2":"Compare the average kinetic energies of the particles in each sample. Which sample has
the higher temperature?",

"Choices":[

"neither; the samples have the same temperature",

"sample B",

"sample A"

I8

Answer:

1. The temperature of particles in a substance is directly proportional to its average kinetic energy. The
formula for kinetic energy of an particle is 1/2mv”2, where m represents the mass of the object and v
represents its velocity.

2. So Textlntel Extractor is needed to retrieve key information about mass and speed in the image.

Modules' tasks:
1. TextIntel Extractor: Extract keywords related to mass and speed in sample A and sample B.

Figure 2: In-context Learning Examples on ScienceQA.
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In-context Learning Examples (ScienceQA)

"Question3":"Think about the magnetic force between the magnets in each pair. Which of the
following statements is true?",

"Choices":[

"The magnetic force is stronger in Pair 2.",

"The magnetic force is stronger in Pair 1.",

"The strength of the magnetic force is the same in both pairs."

1

Answer:

1. The magnitude of magnetic force is independent of the direction of the magnetic pole, and is not
related to whether the magnetic pole is attracted or repelled.

2. Different pairs of magnets will not affect each other.

3. The magnitude of magnetic force is inversely proportional to the distance between two magnets.

4. To know the distance between magnets, TextIntel Extractor is needed to extract distance information.

Modules' tasks:
1. TextIntel Extractor: Extract the distance values between two pairs of magnets in pairl and pair2
separately.

"Question4":"What is the expected ratio of offspring with mutated antennae to offspring with normal
antennae? Choose the most likely ratio.",

"Choices":[

" 1 :3 ll’

IIO:4"’

|l3: 1 ll’

"2:2",

"4:0"

1

Answer:

1. In a group of fruit flies, some individuals have mutated antennae and others have normal antennae.
In this group, the gene for the antenna type trait has two alleles.

2. The allele 'A' is for mutated antennae, the allele 'a' is for normal antennae.

3. To know the specific gene composition, we need TextIntel Extractor to extract information from
Punnett square.

Modules' tasks:
1. TextIntel Extractor: Extract the genotypes from the Punnett square.

Figure 3: In-context Learning Examples on ScienceQA.
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In-context Learning Examples (ScienceQA)

"Question5":"Which month is the wettest on average in Christchurch?",
"Choices":[

"August",

"Aprilﬂ’

"May"

]

Answer:

1. This question provides a chart of Christchurch precipitation. We need to compare the monthly
precipitation in Christchurch to determine which month is the wettest.

2. In order to determine which month has the highest precipitation, we need ChartSense Expert to
extract the precipitation for each month

Modules' tasks:
1. ChartSense Expert: Extract the precipitation for each month from the chart.

"Question6": "What is the capital of New Jersey?",
"Choices": [

"Augusta",

"Montpelier",

"Newark",

"Trenton"

]

Answer:
1. This question does not require any modules and can be answered directly based on the information
provided.

Figure 4: In-context Learning Examples on ScienceQA.
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In-context Learning Examples (MathVista)

Here are some examples:

"Question1": Subtract all large rubber spheres. Subtract all big shiny cylinders. How many objects are
left?

Answer:

1. First, we need to know the quantity of all objects. Secondly, it is important to know the number of
large rubber spheres and the number of big shiny cylinders. Then perform the subtraction operation
again.

2. To know the number of all objects, we need a ObjectQuant Locator.

3. To know the number of large rubber spheres, we need a ObjectQuant Locator.

4. To know the number of big shiny cylinders, we need a ObjectQuant Locator.

Modules' tasks:

1. ObjectQuant Locator: the number of all objects.

2. ObjectQuant Locator: the number of large rubber spheres.
3. ObjectQuant Locator: the number of big shiny cylinders.

"Question2":"What is the age gap between these two people in image?"

Answer:

1. To determine the age gap between two individuals, it is first necessary to know who they are and
their date of birth.

2. Calculate the difference in their birth dates to obtain the age difference.

Modules' tasks:
1. VisionlQ Analyst: Who are the two people in the picture and what is their date of birth?

"Question3": "What time is shown? Answer by typing a time word, not a number. It is (_) after eight.",
"choices": [

"half",

"quarter”,

"o'clock",

"quarter to",

"quarter past"

]

Answer:

1. To know the specific time, it is necessary to determine which number the hour and minute of the
clock point to respectively.

2. Combine the numbers pointed by the hour hand and minute hand to obtain the final time and fill in
the blanks.

Modules' tasks:

1. VisionIQ Analyst: the number the hour hand is pointing to.
2. VisionlQ Analyst: the number the minute hand is pointing to.

Figure 5: In-context Learning Examples on MathVista.
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In-context Learning Examples (MathVista)

"Question4": "Is Light Seafoam less than Dark Salmon?",
"choices": [
Hyes

[N}

no
]

Answer:

1. We need to know the numerical values corresponding to Light Seafoam and Dark Salmon to
determine their quantity relationship.

2. To obtain the numerical values corresponding to Light Seafoam and Dark Salmon, we need
ChartSense Expert.

"
s

Modules' tasks:
1. ChartSense Expert: the value of Light Seafoam.
2. ChartSense Expert: the value of Dark Salmon.

"Question5": "How many algorithms have accuracies higher than 9?",

Answer:

1. First, we need to know the accuracy of each algorithm.

2. Then we can compare the accuracy of each algorithm with 9.

3. Finally, we can count the number of algorithms that have accuracy higher than 9.

4. To know the accuracy of each algorithm, we need ChartSense Expert to extract the information from
the chart.

Modules' tasks:
1. ChartSense Expert: Extract the accuracy of each algorithm from the chart.

Figure 6: In-context learning examples on MathVista.

Execute-Synthesis Prompt

You are a knowledgeable and skilled information integration science expert. Please gradually think and
answer the questions based on the given questions, options, and supplementary information. Please
note that we not only need answers, but more importantly, we need rationales for obtaining answers.
Please combine your knowledge and supplementary information to obtain reasoning and answers.
Please prioritize using your knowledge to answer questions. If unable to answer, maintain critical
thinking and select effective information to assist you in selecting the most correct option as the answer.
Furthermore, please do not rely solely on supplementary information, as the provided supplementary
information may not always be effective. Please do not answer with uncertainty, try your best to give
an answer.

The expected response format is as follows: Rationale:<rationale> Answer:<answer>.

Please answer the following case: < Question> , <Supplementary information>.

Figure 7: The prompt of the Execute-Synthesis stage.
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The Specific Case of Cantor

Average precipitation in Christchurch, New Zealand

Which month is the wettest on average in 708 -
Christchurch? 0
. Eso
Choices: a0
(A) August g 30
(B) April 8 o0

o
(C) May 10
0
FELLESTILHLSES

4

%5’ Cantor
Supplementary Information:
1. This question provides a chart of Christchurch precipitation. We need to compare the monthly
precipitation in Christchurch to determine which month is the wettest.
2. In order to determine which month has the highest precipitation, we need ChartSense Expert to
extract the precipitation for each month.

Modules' tasks:

ChartSense Expert: Extract the precipitation for each month from the chart.

Answer: The precipitation for each month is:\n- January: 52 mm\n- February: 46 mm\n- March: 51
mm\n- April: 50 mm\n- May: 68 mm\n- June: 67 mm\n- July: 67 mm\n- August: 52 mm\n- September:
47 mm\n- October: 48 mm\n- November: 49 mm\n- December: 54 mm\n.

Answer Generator:
Rationale: The month with the highest precipitation is May, with 68 mm of rain.

Answer: May.

Will these magnets attract or repel each other?

(A) repel

(B) attract

/7 Cantor
Supplementary Information:
1. Like poles of a magnet repel each other. Unlike poles of a magnet attract each other.
2. To know the poles of the magnets, TextIntel Extractor is needed to extract information about the
poles.

Modules' tasks:
TextIntel Extractor: Extract the poles of the two magnets.

Answer: The poles of the magnets are: - Magnet 1: North (N) and South (S) - Magnet 2: South (S) and
North (N).

Answer Generator:
Rationale: The south pole of magnet 1 is facing the south pole of magnet 2. Like poles repel each other.

Answer: repel.

Figure 8: The Specific Case of Cantor.
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930 The Specific Case of Cantor
931 987
932 . . a a 988
o33 What is the probability that a cow produced by o5
this cross will have solid coloring?
934 990
935 . a 991
036 Choices: aa aa .
o3 (A) 4/4
993
(B) 0/4
938 994
(C) 1/4
939 a aa aa 995
(D) 2/4
940 99
(E) 3/4 996
941 997
942 998
A/~ Cantor
943 999
944 Supplementary Information: 1000
o5 1. The probability of getting a cow with solid coloring is determined by the number of offspring with
the genotype AA or Aa. 1001
946 2. To know the specific gene composition, we need TextIntel Extractor to extract information from 1002
47 Punnett square. 1003
948 1004
949 Modules' tasks: 1005
050 TextIntel Extractor: Extract the genotypes from the Punnett square. 1006
Answer: aa, aa, aa, aa
951 1007
952 Answer Generator: 1008
953 Rationale: Since all of the offspring have the aa genotype, this means that all of them will have white 1009
954 spots. 1010
955 1011
056 Answer: 0/4. 1012
957 1013
958 . . . . 1014
050 Which solution has a higher concentration of o5
icles?
060 green particles? 016
961 . 1017
Choices:
962 . o o0 1018
(A) Solution B ... ) ..
963 . . . 1019
(B) neither; their concentrations are the same
964 . Solvent volume: 25 mL Solvent volume: 25 mL 1020
(C) Solution A
965 Solution A Solution B 1021
966 1022
967 7 Cantor 1023
068 Supplementary Information: 1024
969 1. Concentration in a solution refers to the amount of a substance (solute) present in a specified amount 1025
970 of another substance (solvent). 1026
071 2. To know the solvent volume, we need TextIntel Extractor to extract information about the volume 1027
072 from the image. L8
3. To understand the number of green particles in solution A and solution B, we need ObjectQuant
s Locator to detect them. 1029
974 1030
975 Modules' tasks: 1031
976 TextIntel Extractor: Extract keywords related to solution volume in Solution A and Solution B. 1032
077 Answer: Solution A: 25 mL Solution B: 25 mL 1033
. ObjectQuant Locator: the number of green particles in Solution A and Solution B. ]
78 Answer: Solution A has fewer green particles than Solution B. 1034
979 1035
980 Answer Generator: 1036
981 Rationale: Solution B has more green particles than Solution A. 1037
982 ) 1038
Answer: Solution B.
983 1039
984 1040
985 1041
986 Figure 9: The Specific Case of Cantor. 1042
1043
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The Specific Case of Cantor

What is the perimeter of the rectangle?
1yd

2yd 2yd

lyd

/ Cantor
Supplementary Information:
To determine the perimeter of the rectangle, we need to know the length of all four sides and then add
them together. Since the opposite sides of a rectangle are equal, we can calculate the perimeter using
the formula: Perimeter = 2(length + width).

Modules' tasks:

VisionIQ Analyst: Determine the length and width of the rectangle.

Answer: In this case, VisionIQ Analyst would determine that the length of the rectangle is 2 yards and
the width is 1 yard.

Answer Generator:

Rationale: To determine the perimeter of the rectangle, we need to know the length of all four sides and
then add them together. Since the opposite sides of a rectangle are equal, we can calculate the
perimeter using the formula: Perimeter = 2(length + width)=2(2+1)=6.

Answer: 6 yd.

What is the blue kite in the lower right corner
shaped like?

Choices:
(A) ferre
(B) cat

(C) cloud
(D) octopus

/ Cantor
Supplementary Information:
1. To determine the shape of the blue kite in the lower right corner, we need to identify the blue kite in
the lower right corner and then determine its shape.
2. To identify the blue kite in the lower right corner, we need to know the location of the blue kite in
the lower right corner.
3. To determine the shape of the blue kite in the lower right corner, we need to know the shape of the
blue kite in the lower right corner.

Modules' tasks:
ObjectQuant Locator: Identify the location of the blue kite in the lower right corner.

Answer: The blue kite in the lower right corner is located in the sky above the people.

VisionIQ Analyst: Determine the shape of the blue kite in the lower right corner.
Answer: The blue kite in the lower right corner is an octopus.

Answer Generator:
Rationale: The blue kite in the lower right corner is shaped like an octopus because it has eight

tentacles.

Answer: (D)

Figure 10: The Specific Case of Cantor.
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Cantor/ : Insniring Multimadal Chain-af-Thauoht of MI 1 M ACM MM 2024 Melbourne, Australia

Different levels of visual information

Which country is highlighted?

Choices:

(A) Australia

(B) Papua New Guinea i
(C) Fiji {
(D) New Zealand

No visual Information

Response:

1. Read the question: Which country is highlighted?

2. Look at the provided choices: ['Australia’, 'Papua New Guinea', 'Fiji', 'New Zealand']

3. Since no visual information is provided, we cannot determine which country is highlighted.
4. Therefore, we cannot answer the question.

+ Rough Caption
Rough Caption: A blurry picture of a blue and white object.

Response:

1. The caption mentions a blurry picture of a blue and white object.

2. The choices are all countries.

3. We can't identify the object in the picture, so we can't use it to determine the country.
4. Therefore, we can't answer this question.

+ Detailed Caption

Detailed Caption: This is a map of Australia and New Zealand. Australia is the sixth-largest country
in the world by land area, and New Zealand is the 75th-largest. Australia is located in the Southern
Hemisphere and is bordered by the Indian Ocean to the west and the Pacific Ocean to the east. New
Zealand is located in the South Pacific Ocean and is made up of two main islands, the North Island and
the South Island.

Response:

1. Read the caption and find that the map shows Australia and New Zealand.
2. The question asks which country is highlighted.

3. The caption does not mention which country is highlighted.

4. The answer is not available in the context.

+ Image
Response:
The highlighted country is New Zealand.
The map shows the Australia and Oceania region. Australia is the largest country in the region and is
located on the Australian continent. New Zealand is a country located in the South Pacific Ocean. It
consists of two main islands, the North Island and the South Island.

Figure 13: The impact of different levels of visual information on model’s responses.
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Different levels of visual information

Which property do these three objects
have in common? — A

Choices:

(A) rough

B)yellow R

(C) sticky rain boots rubber duck lemon

No visual Information
Response:
Read the question carefully and identify the three objects in question. The question does not specify
what the three objects are, so we cannot answer this question from the provided context.
The correct answer is: None of the above.

+ Rough Caption
Rough Caption: A series of photos showing different types of toys.

Response:

1. The first photo shows a toy car. The toy car is yellow.

2. The second photo shows a toy ball. The toy ball is sticky.
3. The third photo shows a toy brick. The toy brick is rough.
The three objects have the property of being toys in common.
The final answer is ['Toys’].

+ Detailed Caption

Detailed Caption: The image shows three items. A pair of yellow rain boots with blue edges and white
soles, a yellow rubber duck with a blue beak and black eyes, and a yellow lemon. The items are all
labeled with their names.

Response:

1. Identify the three objects in the image: - Rain boots - Rubber duck - Lemon

2. Examine each object's properties: -Rain boots: Yellow, waterproof, flexible - Rubber duck: Yellow,
smooth, buoyant -Lemon: Yellow, oval-shaped, acidic

3. Find the common property: - All three objects share the color yellow.

Therefore, the correct answer is yellow.

+ Image

Response:

Rationale: The three objects in the image are a pair of rain boots, a rubber duck, and a lemon. They all
have the property of being yellow.

Answer: yellow

Figure 14: The impact of different levels of visual information on model’s responses.
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