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A. COMPRESSED PROMPTS

As described in Sec. 3.2, the compression phase of AdaCoder creates a set of compressed prompts. This section provides the resulting
compressed prompts.

A.1 Compressed code snippets

The compressed code snippets are generated by

Cr = ﬂ(ppre + Teode rsp(dt))’ (1)

where py is the original preprompt, rq. is the instruction to write code snippets, ry, is an additional instruction to write code specialized
for a specific question type with a placeholder to insert the definition of question type d;, and t € Y = {obj, cat, rel, attr, global} is one of the
five question types. The five compressed code snippets are shown in Figures 8-12. As shown, code snippets are rewritten, shortened, and
specialized for each question type.

Compressed code snippets Cop;

Example 1:
Question: "Is there a red car in the image?"
Python code:
* " “python
def execute_command(image) :
image_patch = ImagePatch(image)
return bool_to_yesno(image_patch.exists("red car"))

Example 2:
Question: "Are there any cats in the image?"
Python code:
" “python
def execute_command(image):
image_patch = ImagePatch(image)
return bool_to_yesno(image_patch.exists("cat"))

Example 3:
Question: "Is there a person standing in the image?"
Python code:
" “python
def execute_command(image):
image_patch = ImagePatch(image)
return bool_to_yesno(image_patch.exists("person™))

Note: In all the examples above, the “exists™ method of the ~ImagePatch™ class is used to check if the specified object exists in the image.
The “bool_to_yesno™ function is then used to convert the boolean result to "yes" or "no" for the answer

Figure 8: Compressed code snippets for question type of ’obj’.

Compressed code snippets Ccat

Example 1:
Question: "Are there any red apples in the image?"
Python code:
T Tpython
def execute_command(image):
image_patch = ImagePatch(image)
apple_patches = image_patch.find("apple")
red_apples = [apple for apple in apple_patches if apple.verify_property("apple", "red")]
return bool_to_yesno(len(red_apples) > 0)

Example 2:
Question: "What is the color of the car closest to the building?"
Python code:

60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116



117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174

MM °24, 28 October — 1 November, 2024, Melbourne, Australia Anon.

python

def execute_command(image):

image_patch = ImagePatch(image)

car_patches = image_patch.find("car")

building_patches = image_patch.find("building") closest_car = min(car_patches, key=lambda car: distance(car, building_patches[0]))
return closest_car.simple_query("What is the color?")

Example 3:
Question: "Which bird is sitting on the highest branch?"
Python code:
T “python
def execute_command(image):
image_patch = ImagePatch(image)
bird_patches = image_patch.find("bird")
bird_patches.sort(key=lambda bird: bird.upper)
highest_bird = bird_patches[-1]
return highest_bird.simple_query("What is the bird?")

Figure 9: Compressed code snippets for question type of ’cat’.

Compressed code snippets ¢

Example 1:
Question: "What color is the car?"
Python code:
T “python
def execute_command(image) :
image_patch = ImagePatch(image)
car_patches = image_patch.find("car")
car_patch = car_patches[0]
return car_patch.simple_query("What is the color?")

Example 2:
Question: "Is the cat sitting on the mat?"
Python code:
* T python
def execute_command(image):
image_patch = ImagePatch(image)
cat_patches = image_patch.find("cat")
cat_patch = cat_patches[0]
mat_patches = image_patch.find("mat")
mat_patch = mat_patches[0]
return bool_to_yesno(cat_patch.overlaps_with(mat_patch.left, mat_patch.lower, mat_patch.right, mat_patch.upper))

Example 3:
Question: "What is the person in the image holding?"
Python code:
* Tpython
def execute_command(image):
image_patch = ImagePatch(image)
person_patches = image_patch.find("person")
person_patch = person_patches[0]
return person_patch.simple_query("What is the person holding?")

Figure 10: Compressed code snippets for question type of ’rel’.

Compressed code snippets Cattr

Example 1:
Question: What is the color of the foo?
Python code:
* Tpython
def execute_command(image):
image_patch = ImagePatch(image)
foo_patches = image_patch.find("foo")
foo_patch = foo_patches[@]
return foo_patch.simple_query("What is the color?")

Example 2:
Question: On which side of the image is the bar located?
Python code:
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python
def execute_command(image):
image_patch = ImagePatch(image)
bar_patches = image_patch.find("bar")
bar_patch = bar_patches[0]
if bar_patch.left < image_patch.width / 2:
return "left"
else:
return "right"

Example 3:
Question: Is the qux above the baz?
Python code:
* Tpython
def execute_command(image):
image_patch = ImagePatch(image)
qux_patches = image_patch.find("qux")
baz_patches = image_patch.find("baz")
qux_patch = qux_patches[0]
baz_patch = baz_patches[0]
if qux_patch.upper < baz_patch.lower
return "yes"
else:
return

"

no"

Figure 11: Compressed code snippets for question type of ’attr’.

Compressed code snippets Cglobal

Example 1:
Question: Is there a red car in the image?
Python code:
* T python
def execute_command(image):
image_patch = ImagePatch(image)
car_patches = image_patch.find("car")
red_car_patches = [car_patch for car_patch in car_patches if car_patch.verify_property("car", "red")]
return bool_to_yesno(len(red_car_patches) > 0)

Example 2:
Question: What is the color of the largest object in the image?
Python code:
* " “python
def execute_command(image):
image_patch = ImagePatch(image)
object_patches = image_patch.find("object")
largest_object_patch = max(object_patches, key=lambda x: x.width * x.height)
return largest_object_patch.simple_query("What is the color?")

Example 3:

Question: How many people are in the image?

Python code:

T python

def execute_command(image):
image_patch = ImagePatch(image)
person_patches = image_patch.find("person")
return str(len(person_patches))

Figure 12: Compressed code snippets for question type of ’global’.

A.2 Compressed definitions
The compressed API definitions are generated by

ﬁdef = ”(ppre + rpre) (2)

where py is the original preprompt, and r,. is the instruction to rewrite API definitions. Figure 13 shows the compressed API definitions.

As shown, the API usage is summarized in short sentences.
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Compressed API definitio;

API Reference:
Class: ImagePatch

Attributes:

- cropped_image: array_like - An array-like of the cropped image taken from the original image.
- left: int - The position of the left border of the crop's bounding box in the original image.
- lower: int - The position of the lower border of the crop's bounding box in the original image.
right: int - The position of the right border of the crop's bounding box in the original image.
upper: int - The position of the upper border of the crop's bounding box in the original image.
width: int - The width of the cropped image.

height: int - The height of the cropped image.

horizontal_center: float - The horizontal center of the cropped image.

- vertical_center: float - The vertical center of the cropped image.

Methods:

- find(object_name: str) -> List[ImagePatch]: Returns a list of ImagePatch objects matching object_name contained in the crop.

exists(object_name: str) -> bool: Returns True if the object specified by object_name is found in the image, and False otherwise.

- verify_property(object_name: str, visual_property: str) -> bool: Returns True if the object possesses the visual property, and False otherwise.
best_text_match(option_list: List[str]) -> str: Returns the string that best matches the image.

simple_query(question: str = None) -> str: Returns the answer to a basic question asked about the image.

compute_depth() -> float: Returns the median depth of the image crop.

crop(left: int, lower: int, right: int, upper: int) -> ImagePatch: Returns a new ImagePatch cropped from the current ImagePatch.

- overlaps_with(left: int, lower: int, right: int, upper: int) -> bool: Returns True if a crop with the given coordinates overlaps with this one, else False.
11lm_query(question: str, long_answer: bool = True) -> str: Answers a text question using GPT-3.

Functions:

- best_image_match(list_patches: List[ImagePatch], content: List[str], return_index=False) -> Union[ImagePatch, int]: Returns the patch most likely to contain the
content.

- distance(patch_a: ImagePatch, patch_b: ImagePatch) -> float: Returns the distance between the edges of two ImagePatches.

- bool_to_yesno(bool_answer: bool) -> str: Convert a boolean value to "yes" or "no".

- coerce_to_numeric(string) -> float: Returns a float after removing any non-numeric characters from the input string.
\ J

Figure 13: Compressed API definitions. AdaCoder reduced the token length by 72.5%.

B. ORIGINAL PREPROMPT AND IMAGE PROCESSING APIS

This section describes the image processing APIs used in our experiments, as well as the original ViperGPT prompt. As described in
Section 4.1, the API set consists of basic image and text processing functions. Specifically, it consists of the ImagePatch class and a set of
auxiliary functions. The original preprompt pq.r is given as the concatenation of prompts in Figures 14-28.

B.1 Class and methods

The ImagePatch class is a class to store a image region. There are several code examples for each method, resulting in 13 examples. Below
we describe the definition of ten methods for the ImagePatch class.

0) __init__ method. This method is the initialization method for the ImagePatch class. It takes as input an image and the position of the
bounding box. Figure 14 shows the first section of the class definition, including the definition of the __init__ method.

1) find method. This method returns a list of ImagePatch objects matching the given object name. Figure 15 shows the method definition
and an example code that uses this method.

2) exists method. This method returns True if and only if the specified object is found in the image. Figure 16 shows the method definition
and an example code that uses this method.

3) verify_property method. This method returns True if and only if the object possesses the visual property. Figure 17 shows the method
definition and an example code that uses this method.

4) best_text_match method. This method returns the string that best matches the image. Figure 18 shows the method definition and an
example code that uses this method.

5) simple_query. This method answers to a basic question asked about the image. Figure 19 shows the method definition and three examples
of code that uses this method.

6) compute_depth. This method returns the median depth of the image crop. Figure 20 shows the method definition and an example code
that uses this method.

7) crop method. This method returns a new image crop. Figure 21 shows the method definition and an example code that uses this method.
8) overlaps_with. This method returns True if and only if a crop with the given coordinates overlaps. Figure 22 shows the method definition
and an example code that uses this method.

9) llm_query. This method calls an LLM to answer a text question. Figure 23 shows the method definition and three examples of code that
uses this method.

First section of original API definitions pger

import math

class ImagePatch:
"""A Python class containing a crop of an image centered around a particular object, as well as relevant information.
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Attributes
cropped_image : array_like
An array-like of the cropped image taken from the original image.
left, lower, right, upper : int
An int describing the position of the (left/lower/right/upper) border of the crop's bounding box in the original image.

Methods
find(object_name: str)->List[ImagePatch]
Returns a list of new ImagePatch objects containing crops of the image centered around any objects found in the
image matching the object_name.
exists(object_name: str)->bool
Returns True if the object specified by object_name is found in the image, and False otherwise.
verify_property(property: str)->bool
Returns True if the property is met, and False otherwise.
best_text_match(option_list: List[str], prefix: str)->str
Returns the string that best matches the image.
simple_query(question: str=None)->str
Returns the answer to a basic question asked about the image. If no question is provided, returns the answer to "What is this?".
11m_query(question: str, long_answer: bool)->str
References a large language model (e.g., GPT) to produce a response to the given question. Default is short-form answers, can be made
long-form responses with the long_answer flag.
compute_depth()->float
Returns the median depth of the image crop.
crop(left: int, lower: int, right: int, upper: int)->ImagePatch
Returns a new ImagePatch object containing a crop of the image at the given coordinates.
def __init__(self, image, left: int = None, lower: int = None, right: int = None, upper: int = None):
"""Initializes an ImagePatch object by cropping the image at the given coordinates and stores the coordinates as
attributes. If no coordinates are provided, the image is left unmodified, and the coordinates are set to the
dimensions of the image.
Parameters
image : array_like
An array-like of the original image.
left, lower, right, upper : int
An int describing the position of the (left/lower/right/upper) border of the crop's bounding box in the original image.
if left is None and right is None and upper is None and lower is None:
self.cropped_image = image

self.left = @

self.lower = @

self.right = image.shape[2] # width

self.upper = image.shape[1] # height
else:

self.cropped_image = image[:, lower:upper, left:right]
self.left = left

self.upper = upper
self.right = right
self.lower = lower

self.width = self.cropped_image.shape[2]
self.height = self.cropped_image.shape[1]

self.horizontal_center = (self.left + self.right) / 2
self.vertical_center = (self.lower + self.upper) / 2

Figure 14: Definition of __init__ method.

Section of find method in pges

def find(self, object_name: str) -> List[ImagePatch]:
"""Returns a list of ImagePatch objects matching object_name contained in the crop if any are found.
Otherwise, returns an empty list.
Parameters
object_name : str
the name of the object to be found

Returns

List[ImagePatch]
a list of ImagePatch objects matching object_name contained in the crop

Examples
>>> # return the foo
>>> def execute_command(image) -> List[ImagePatch]:

>>> image_patch = ImagePatch(image)
>>> foo_patches = image_patch.find("foo")
>>> return foo_patches

nn

return find_in_image(self.cropped_image, object_name)

Figure 15: Definition of find method.
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Anon.

Section of exists method in pger

def exists(self, object_name: str) -> bool:
"""Returns True if the object specified by object_name is found in the image, and False otherwise.
Parameters
object_name : str
A string describing the name of the object to be found in the image.

Examples
>>> # Are there both foos and garply bars in the photo?
>>> def execute_command(image)->str

>>> image_patch = ImagePatch(image)

>>> is_foo = image_patch.exists("foo")

>>> is_garply_bar = image_patch.exists("garply bar")
>>> return bool_to_yesno(is_foo and is_garply_bar)

nn

return len(self.find(object_name)) > @

Figure 16: Definition of exists method.

Section of verify_property method in pger

def verify_property(self, object_name: str, visual_property: str) -> bool:
"""Returns True if the object possesses the visual property, and False otherwise.

possesses the property.
Parameters
object_name : str
A string describing the name of the object to be found in the image.
visual_property : str
A string describing the simple visual property (e.g., color, shape, material) to be checked.

Examples
>>> # Do the letters have blue color?
>>> def execute_command(image) -> str

>>> image_patch = ImagePatch(image)

>>> letters_patches = image_patch.find("letters")

>>> # Question assumes only one letter patch

>>> return bool_to_yesno(letters_patches[@].verify_property("letters", "blue"))

return verify_property(self.cropped_image, object_name, property)

Differs from 'exists' in that it presupposes the existence of the object specified by object_name, instead checking whether the object

Figure 17: Definition of verify_property method.

Section of best_text_match method in pg.r

def best_text_match(self, option_list: List[str]) -> str:
"""Returns the string that best matches the image.
Parameters
option_list : str
A list with the names of the different options
prefix : str
A string with the prefixes to append to the options

Examples

>>> # Is the foo gold or white?
>>> def execute_command(image)->str

>>> image_patch = ImagePatch(image)

>>> foo_patches = image_patch.find("foo")

>>> # Question assumes one foo patch

>>> return foo_patches[0].best_text_match(["gold", "white"])

return best_text_match(self.cropped_image, option_list)

Figure 18: Definition of best_text_match method.

Section of simple_query method in pg.r

def simple_query(self, question: str = None) -> str
"""Returns the answer to a basic question asked about the image. If no question is provided, returns the answer
to "What is this?". The questions are about basic perception, and are not meant to be used for complex reasoning
or external knowledge.
Parameters
question : str
A string describing the question to be asked.

Examples
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>>> # Which kind of baz is not fredding?
>>> def execute_command(image) -> str

>>> image_patch = ImagePatch(image)

>>> baz_patches = image_patch.find("baz")

>>> for baz_patch in baz_patches:

>>> if not baz_patch.verify_property("baz", "fredding"):
>>> return baz_patch.simple_query("What is this baz?")

>>> # What color is the foo?
>>> def execute_command(image) -> str

>>> image_patch = ImagePatch(image)

>>> foo_patches = image_patch.find("foo")

>>> foo_patch = foo_patches[0]

>>> return foo_patch.simple_query("What is the color?")

>>> # Is the second bar from the left quuxy?
>>> def execute_command(image) -> str

>>> image_patch = ImagePatch(image)

>>> bar_patches = image_patch.find("bar")

>>> bar_patches.sort(key=lambda x: x.horizontal_center)
>>> bar_patch = bar_patches[1]

>>> return bar_patch.simple_query("Is the bar quuxy?")

return simple_query(self.cropped_image, question)

Figure 19: Definition of simple_query method.

Section of compute_depth method in pger

def compute_depth(self):
"""Returns the median depth of the image crop
Parameters

float
the median depth of the image crop

Examples
>>> # the bar furthest away
>>> def execute_command(image)->ImagePatch:

>>> image_patch = ImagePatch(image)

>>> bar_patches = image_patch.find("bar")

>>> bar_patches.sort(key=lambda bar: bar.compute_depth())
>>> return bar_patches[-1]

depth_map = compute_depth(self.cropped_image)
return depth_map.median()

Figure 20: Definition of compute_depth method.

Section of crop method in pger

def crop(self, left: int, lower: int, right: int, upper: int) -> ImagePatch:
"""Returns a new ImagePatch cropped from the current ImagePatch.
Parameters
left, lower, right, upper : int
The (left/lower/right/upper)most pixel of the cropped image.

Returns
ImagePatch
New ImagePatch cropped from the current ImagePatch.

Examples
>>> # What is in upper left of the image?
>>> def execute_command(image)->ImagePatch:

>>> image_patch = ImagePatch(image)

>>> upper_left_patch = image_patch.crop(image_patch.left, round((image_patch.upper+image_patch.lower)/2),
round((image_patch.left+image_patch.right)/2), image_patch.upper)

>>> return upper_left_patch.simple_query("What is it?")

return ImagePatch(self.cropped_image, left, lower, right, upper)

Figure 21: Definition of crop method.
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Section of overlaps_with method in pg.¢

def overlaps_with(self, left, lower, right, upper) -> bool:
"""Returns True if a crop with the given coordinates overlaps with this one,
else False.
Parameters
left, lower, right, upper : int
the (left/lower/right/upper) border of the crop to be checked

Returns

bool
True if a crop with the given coordinates overlaps with this one, else False

Examples
>>> # black foo on top of the qux
>>> def execute_command(image) -> ImagePatch:

>>> image_patch = ImagePatch(image)

>>> qux_patches = image_patch.find("qux")

>>> qux_patch = qux_patches[0]

>>> foo_patches = image_patch.find("black foo")

>>> for foo_patch in foo_patches:

>>> if foo_patch.vertical_center > qux_patch.vertical_center and foo_patch.overlaps_with(qux_patch.left, qux_patch.lower,
qux_patch.right, qux_patch.upper):

>>> return foo

i

return self.left <= right and self.right >= left and self.lower <= upper and self.upper >= lower

Anon.

Figure 22: Definition of overlaps_with method.

def llm_query(self, question: str, long_answer: bool = True) -> str:
"""Answers a text question using GPT-3. The input question is always a formatted string with a variable in it.

Parameters

question: str
the text question to ask. Must not contain any reference to 'the image' or 'the photo', etc.

long_answer: bool
whether to return a short answer or a long answer. Short answers are one or at most two words, very concise.
Long answers are longer, and may be paragraphs and explanations. Defalt is True (so long answer).

Examples
>>> # What is the city this building is in?
>>> def execute_command(image) -> str

>>> image_patch = ImagePatch(image)

>>> building_patches = image_patch.find("building")

>>> building_patch = building_patches[0]

>>> building_name = building_patch.simple_query("What is the name of the building?")

>>> return building_patch.llm_query(f"What city is {building_name} in?", long_answer=False)

>>> # Who invented this object?
>>> def execute_command(image) -> str

>>> image_patch = ImagePatch(image)

>>> object_patches = image_patch.find("object")

>>> object_patch = object_patches[0]

>>> object_name = object_patch.simple_query("What is the name of the object?")

>>> return object_patch.llm_query(f"Who invented {object_name}?", long_answer=False)

>>> # Explain the history behind this object.
>>> def execute_command(image) -> str

>>> image_patch = ImagePatch(image)

>>> object_patches = image_patch.find("object")

>>> object_patch = object_patches[0]

>>> object_name = object_patch.simple_query("What is the name of the object?")

>>> return object_patch.llm_query(f"What is the history behind {object_name}?", long_answer=True)

i

return 1lm_query(question, long_answer)

Section of llm_query method in py.¢

Figure 23: Definition of llm_query method.
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B.2 Auxiliary functions

The auxiliary function set consists of the following four functions.

1) distance function. This function returns the distance between the edges of two ImagePatch instances. Figure 24 shows the function
definition and an example code that uses this function.

2) best_image_match This function returns the patch most likely to contain the content. Figure 25 shows the function definition and an
example code that uses this function.

3) bool_to_yesno This function convert a boolean value to “yes” or “no”. Figure 26 shows the function definition and an example code that
uses this function.

4) coerce_to_numeric This function returns a float after removing any non-numeric characters. Figure 27 shows the function definition
and an example code that uses this function.

Section of distance function in pger

def distance(patch_a: ImagePatch, patch_b: ImagePatch) -> float:

Returns the distance between the edges of two ImagePatches. If the patches overlap, it returns a negative distance
corresponding to the negative intersection over union.

Parameters

patch_a : ImagePatch
patch_b : ImagePatch

Returns

float
The distance of the two patches.

Examples

>>> # Return the qux that is closest to the foo
>>> def execute_command(image):

>>> image_patch = ImagePatch(image)

>>> qux_patches = image_patch.find('qux"')

>>> foo_patches = image_patch.find('foo"')

>>> foo_patch = foo_patches[0]

>>> qux_patches.sort(key=lambda x: distance(x, foo_patch))
>>> return qux_patches[0]

nn

return distance(patch_a, patch_b)

Figure 24: Definition of distance function.

Section of best_image_match function in pg.r

def best_image_match(list_patches: List[ImagePatch], content: List[str], return_index=False) -> Union[ImagePatch, int]:
"""Returns the patch most likely to contain the content.
Parameters
list_patches : List[ImagePatch]
content : List[str]
the object of interest
return_index : bool
if True, returns the index of the patch most likely to contain the object

Returns

Patch most likely to contain the object

Examples

>>> # What is the blue foo doing?
>>> def execute_command(image) -> str

>>> image_patch = ImagePatch(image)

>>> foo_patches = image_patch.find("foo")

>>> foo_patch = best_image_match(foo_patches, ["blue"])

>>> return foo_patch.simple_query("What is the foo doing?")

win

return best_image_match(list_patches, content, return_index)

Figure 25: Definition of best_image_match function.
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Section of bool_to_yesno function in pger

def bool_to_yesno(bool_answer: bool) -> str:
Convert a boolean value to "yes" or "no"
Parameters
bool_answer : bool
Returns
str
"ves" or "no"
Examples
>>> # Is the buz green?
>>> def execute_command(image):
>>> image_patch = ImagePatch(image)
>>> buz_patches = image_patch.find('buz")
>>> buz_patch = best_image_match(buz_patches, ["buz"l)
>>> return bool_to_yesno(buz_patch.verify_property("buz", "green"))
return "yes" if bool_answer else "no"
\ J

Figure 26: Definition of bool_to_yesno function.

Section of coerce_to_numeric function in pger

def coerce_to_numeric(string):

This function takes a string as input and returns a float after removing any non-numeric characters.
If the input string contains a range (e.g. "10-15"), it returns the first value in the range.

return coerce_to_numeric(string)

Figure 27: Definition of coerce_to_numeric function.

B.3 Coding instruction
The coding instruction prompt used in both AdaCoder (ours) and ViperGPT is shown in Figure 28.

Section of coding instruction in pger

Write a function using Python and the ImagePatch class (above) that could be executed to provide an answer to the query.

Consider the following guidelines:

- Use base Python (comparison, sorting) for basic logical
operations, left/right/up/down, math, etc.

- Use the 1llm_query function to access external information and
answer informational questions not concerning the image.

Figure 28: Coding instruction.
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