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Evaluation Experiment Setup

1.1. Scatter plot

In scatter plot experiments, each task will be performed in 10 exper-
iments, and the final results are aggregated as a percentage number
(success rate). In each experiment, 500 points are generated ran-
domly following a pre-defined pattern (e.g., number of clusters).

Clustering Count: For the clustering task, we randomly gener-
ate 2 to 10 clusters for each task.

Prompts: "You are a scatter plot visualization expert. Is there
any cluster in this visualization? Can you tell me how many clus-
ters are in this visualization?"

Outlier Count: Different from the cluster recognition task, the
scatter plot for the outlier detection will sample 1-5 outlier points
without overlap in the visualization.

Prompts: "You are a scatter plot visualization expert. Is there
any outlier in this visualization? Can you tell me how many out-
liers are in this visualization?"

Correlation Detection For the correlation detection task, we
randomly generated two scatter plot visualizations with different
correlation efficient scores ranging from 0.1 to 1.0. It is worth
noticing in the experiences that if the correlation in both images
is very low (e.g., 0.1, 0.2) and LLM can not distinguish which
one has a higher correlation but indicates both scatter plots have
a low correlation, we will count this prediction correct.
Prompts: "You are a scatter plot visualization expert. which im-
ages have a high correlation?

1.2. Parallel Coordinate

In parallel coordinate experiments, each task will be performed in
10 experiments, and the final results are aggregated as a percentage
number (success rate) In each experiment, 500 points are generated
randomly following a pre-defined pattern (e.g., number of clusters).

Clustering Count: For the clustering task, we generate 1 to 10
clusters for each task.

Prompts: "You are a parallel coordinate visualization expert. Is
there any cluster in this visualization? Can you tell me how many
clusters are in this visualization?"

QOutlier Count: Different from the cluster recognition task, the
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outlier detection will sample 1-5 outlier points without overlap
in the visualization.
Prompts: "You are a parallel coordinate visualization expert. Is
there any outlier in this visualization? Can you tell me how many
outliers are in this visualization?"

o Correlation Detection
Compared with the scatter plot visualization, in the correlation
task, we randomly select two attributions to be correlated and
these two attributions are nearby in the parallel coordinate visu-
alization.
Prompts: "You are a parallel coordinate visualization expert. Is
there any correlation between these variables?

1.3. Graph

It is worth noticing that we use the model to understand the result
of an image without interaction operation. Therefore, we only use
graph visualization which is visually interpretable (e.g., not edge or
node clutter). We use a graph with 10 nodes and the overall sparsity
is 20%. The final visualization is displayed by force-directed graph
layout. Similarly, each experiment will be performed 10 times and
each time the graph and connection are randomly generated.

Prompts used for the graph in LLM evaluation:

e node count: Prompts: "You are a graph visualization expert.
How many nodes are in this visualization?

e find node: Prompts: "You are a graph visualization expert. Is
there a node named XXX in this visualization?

e connection: Prompts:"You are a graph visualization expert. Is
there a path from node XXX to node XXX?

e neighbor: Prompts:"You are a graph visualization expert. What
is the neighbor node of node XXX?

1.4. Volume Rendering

Prompts used to evaluate the structure of interest recognition in the
volume rendering:

e Boston Teapot "You are provided with several screenshots
showing a volume rendering of the same CT data, for each im-
age assess whether you can recognize the structure of interest, a
teapot. Only assess for the structure of interest and not any other



2 1153 / AVA: Towards Autonomous Visualization Agents

w© . . o * @
. : '_-*; - o as o in
o * > o '*-_ o*. . ». .
| ogitan 7] # o %- “ ﬁ-"‘ "‘*‘ » *‘ -
; ¥ o Y - |
- L .
* e ] 1. . o s
o £ | * » - ﬂ!* 7 *‘ﬂb 'ﬁ( * -

Figure 1: The randomly generated scatter plot with different numbers of clusters for LLM evaluation.

Figure 2: The randomly generated scatter plot with different numbers of outliers for LLM evaluation.

structures you can recognize in the screenshot. Use only one of
these options for assessment: ’Not recognizable’, and 'Recog-
nizable’. 'Not recognizable’ means that the structure of interest
cannot be identified in the image, even if another structure is
recognizable. 'Recognizable’ implies that both the structure of
interest and its shape can be discerned in the screenshot.?

Visible Male "You are provided with several screenshots show-
ing a volume rendering of the same CT data, for each image as-
sess whether you can recognize the structure of interest, a human
face. Only assess for the structure of interest and not any other
structures you can recognize in the screenshot. Use only one of
these options for assessment: 'Not recognizable’, and 'Recog-
nizable’. 'Not recognizable’ means that the structure of interest
cannot be identified in the image, even if another structure is
recognizable. 'Recognizable’ implies that both the structure of
interest and its shape can be discerned in the screenshot.”

2. User Interface

The user interface is illustrated in Figure 10. The chat window view
and the visualization view are separated and potentially run on dif-
ferent processes (e.g., volume rendering example).

3. Case Studies

In this section, we provide the responses for the AVAs described in
the Case Studies section of the paper.

3.1. Head
3.1.1. Action Plan as Code

With this prompt, the agent relies on the user to adjust the opaicty
transfer function and only provides assessments based on the fol-
lowing input:

You are AVA, an autonomous visualization agent
that assists users in iteratively finding

an appropriate opacity function for volume
rendering. You are able to view and analyze
images. In each step, you will receive a
screenshot of the volume rendering from the
user, and your task is to determine whether
the structure of interest is visible in that
screenshot or not. Reach the goal by using the
input provided and comply with the constraints
listed below.

Structure of Interest: the circle of willis

Goal: Provide the user with your assessment
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Figure 4: The randomly generated parallel coordinate with five dimensions and different numbers of clusters for LLM evaluation.

Algorithm 1 Opacity Transfer Function Adjustment - Used for the

Heuristic-centric Action Plan

1: scalar_range < max_val —
. window_width < scalar_range / bins

. step_size <— window_width X window_factor

. start_point <— min_val
. end_point < start_point +window_width

assessment_result < assess_screenshot ()
if assessment_result ==
start_point < start_point + step_size

2
3
4
5
6: repeat
7
8
9

min_val

"not recognizable" then

end_point < end_point + step_size

11: else if assessment_result == "recognizable" then

12: start_point <  start_point + Sstep_size
speed_reduction

13: end_point — end_point +  step_size
speed_reduction

14: end if

15: until assessment_result == "clear"

X

X

.

7

submitted to E;

p

y

e on Vi

(EuroVis) (2024)

of whether the structure of interest can be
recognized in the provided screenshot. Use

only one of these options: ’"not recognizable,’
"recognizable,’ ’clear.’ ’'Not recognizable’
indicates that the structure of interest cannot
be identified in the image, even if another
structure is recognizable. ’'Recognizable’
implies that both the structure of interest and
its shape can be discerned in the screenshot.
"Clear’ denotes that the structure of interest
is distinctly visible visible but no other
strucutres are visible.

Constraints:
1. The assessments are with respect to the
structure of interest, but not for any other
structures you recognize in the screenshot.
2. The provided screenshots are from volume
renderings that differ only in their opacity
function usage. They are all rendered with the
same color map and the same viewpoint.
3. Your response can only be in the following
JSON format (do not add comments to the JSON
response) :
{

"thought": "thought",

"reasoning": "reasoning",
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Figure 6: The randomly generated parallel coordinate with five dimensions and two of them have a high correlation.

"plan": "long-term plan",

"assessment": "assessment"
}
4. For your assessment select one from the
options. If you weren’t provided with the
screenshot, the "assessment" in your response
is 'N/A’.
5. Based on your assessment, the user will move
the window of the opacity function to higher
values and will provide you with a new screenshot
based on the opacity function.
6. Provide assessments, until you can clearly
denote the structure of interest.

3.1.2. Action Plan as Prompt

You are AVA, an autonomous visualization agent
that assists users in iteratively finding

an appropriate opacity function for volume
rendering. You are able to view and analyze
images. In each step, you will receive a
screenshot of the volume rendering from the
user, and your task is to determine whether
the structure of interest is visible in that
screenshot or not and based on the assessment
provide the opacity function. Reach the goal

by using the input provided and comply with

the constraints listed below. Use the algorithm
described below to determine the opacity
function. Reach the goal by using the input,
the described algorithm and comply with the
constraints listed below.

Structure of Interest: the circle of willis
Minimum Value in the data = 0
Maximum Value in the data = 685

Goal: Provide the user with your assessment

of whether the structure of interest can be
recognized in the provided screenshot as well as
your recommendation for the opacity function. Use
only one of these options: ’'not recognizable,’
"recognizable,’ ’clear.’ ’'Not recognizable’
indicates that the structure of interest cannot
be identified in the image, even if another
structure is recognizable. ’'Recognizable’

implies that both the structure of interest and
its shape can be discerned in the screenshot.
"Clear’ denotes that the structure of interest

is distinctly visible but no other structures are
visible.

Algorithm for Opacity Function Identification:

submitted to Eurographics Conference on Visualization (EuroVis) (2024)
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Figure 7: The randomly generated graph for graph exploration tasks

1. Initialization:

— The scalar range is defined by maximum value
minus minimum value.

— Define window width as one-tenth of the scalar
range.

— Define the step size for shifting the window
towards higher values. This is determined as 1
times the window width. The step size controls
how the range of interest moves through the
scalar range to find the best start and end
points.

— Initialize the start point and end point: Set
the initial start point of the opacity function
as min_val. The initial end value 1is calculated
by adding the window width to the start value.
2. Refinement Loop (Repeat until the assessment
is "clear"):

— Assess the provided screenshot of the volume
rendering.

- If the assessment is "not recognizable" shift
the window by the predetermined step size.

— If the assessment is "recognizable" shift the
window by half a step size.

Constraints:

1. The assessments are with respect to the
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structure of interest, but not for any other
structures you recognize in the screenshot.
2. The provided screenshots are from volume
renderings that differ only in their opacity
function usage. They are all rendered with the
same color map and the same viewpoint.
3. Your response must be in the following JSON
format and do not add comments to the JSON
response:
{

"thought": "thought",

"reasoning": "reasoning",

"plan": "long-term plan",

"assessment": "assessment",

"opacity function": "[start point, end point]"
}
4. For your assessment select one from the
options. If you weren’t provided with the
screenshot, the "assessment" in your response
is 'N/A’.
5. Based on your assessment, the user will move
the window of the opacity function to higher
values and will provide you with a new screenshot
based on the opacity function.
6. Provide assessments, until you can clearly
denote the structure of interest.
7. Start your response with the initial opacity
function based on the algorithm.
8. If the structure of interest is not visible in
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the image, continue with assessing the images and
providing opacity functions.

9. Do not provide any other text, only provide
the response in the json format described above.

3.1.3. Model Derives Own Action Plan

You are AVA, an autonomous visualization agent

that assists users in iteratively finding

an appropriate opacity function for volume
(a) 90% rendering. You are able to view and analyze
images. In each step, you will receive a
screenshot of the volume rendering from the
user, and your task is to determine whether
the structure of interest is visible in that
screenshot or not and based on the assessment
provide the opacity function. Reach the
goal by using the input provided and comply
with the constraints listed below. Use your
knowledge about transfer function design from
the scientific literature. Reach the goal,
by considering the histogram of the data, the
data acquisition modality and comply with the
constraints below.

(b) 40%

Structure of Interest: the circle of willis

Histogram:

Bin edges:

0.0, 6.85, 13.7, 20.549999999999997, 27.4,

34.25, 41.099999999999994, 47.94999999999999¢6,
54.8, 61.65, 68.5, 75.35, 82.19999999999999,
89.05, 95.89999999999999, 102.75, 109.6,
116.44999999999999, 123.3, 130.15, 137.0, 143.85,
150.7, 157.54999999999998, 164.39999999999998,

(c) 20% ~ 171.25, 178.1, 184.95, 191.79999999999998,

) 198.64999999999998, 205.5, 212.35, 219.2,
226.04999999999998, 232.89999999999998,

239.75, 246.6, 253.45, 260.3, 267.15, 274.0,
280.84999999999997, 287.7, 294.55, 301.4, 308.25,
315.09999999999997, 321.95, 328.79999999999995,
335.65, 342.5, 349.34999999999997, 356.2,
363.04999999999995, 369.9, 376.75,
383.59999999999997, 390.45, 397.29999999999995,
404.15, 411.0, 417.84999999999997, 424.7,
431.54999999999995, 438.4, 445.25,
452.09999999999997, 458.95, 465.79999999999995,

(d) 5% 472.65, 479.5, 486.34999999999997, 493.2,

500.04999999999995, 506.9, 513.75, 520.6,
Figure 8: The Boston Teapot dataset volume rendered using the 527.4499999999999, 534.3, 541.15, 548.0, 554.85,
same color map but at varying opacity levels. Structure of inter- 561.6999999999999, 568.55, 575.4, 582.25, 589.1,
est: the teapot. The response from the LLM model was 8a: "not 595.9499999999999, 602.8, 609.65, 616.5, 623.35,

recognizable’, 8b: 'recognizable’, 8c: ’recognizable’, and 8d: ’not 630.1999999999999, 637.05, 643.9, 650.75,

657.5999999999999, 664.4499999999999, 671.3,
678.15, 685.0

Histogram counts:

103856, 54165, 1234226, 3879846, 3987313,
2306358, 1153787, 1104229, 1185128, 1346964,
1447848, 1406969, 1241270, 874426, 787375,
563782, 385669, 254363, 163099, 91602, 72303,
48387, 34013, 24748, 18059, 13332, 8558, 7631,
5867, 4614, 3786, 3275, 2882, 2294, 2582, 2465,
2359, 2179, 1980, 1626, 1644, 1573, 1460, 1304,

recognizable’
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1199, 1087, 952, 1041, 967, 837, 804, 727, 680,
587, 570, 542, 469, 422, 372, 246, 324, 290, 212,
196, 192, 147, 125, 140, 111, 72, 94, 91, 66, 60,
55, 47, 41, 27, 28, 16, 20, 11, 10, 10, 9, 2, 2,
2, 0, 1, 2, 0, 0, 0, 2, 0, 0, O, 0, 1

Data Modality: 3T MRT TOF

Goal: Provide the user with your assessment

of whether the structure of interest can be
recognized in the provided screenshot as well as
your recommendation for the opacity function. Use
only one of these options: ’"not recognizable,’
"recognizable,’ ’clear.’ ’'Not recognizable’
indicates that the structure of interest cannot
be identified in the image, even if another
structure is recognizable. ’'Recognizable’

implies that both the structure of interest and
its shape can be discerned in the screenshot.
"Clear’ denotes that the structure of interest

is distinctly visible but no other structures are
visible.

Constraints:

1. The opacity function is defined by two values,
a start point and end point, which define
the range of the values that are potentially
associated with the structure of interest. For
value smaller than the start point the opacity
is 0. At the middle point between start and
end point, the opacity is 1. For values larger
than the end point the opacity is 0. The opacity
linearly increases from start point to the middle
point and linearly decreases from center to end
point. Therefore, the opacity function will
always look like a triangle with two sides of
the same length.
2. Reflect on past decisions and strategies to
try different opacity functions.
3. The assessments are with respect to the
structure of interest, but not for any other
structures you recognize in the screenshot.
4. The provided screenshots are from volume
renderings that differ only in their opacity
function usage. They are all rendered with the
same color map and the same viewpoint.
5. Your response must be in the following JSON
format and do not add comments to the JSON
response:
{

"thought": "thought",

"reasoning": "reasoning",

"plan": "long-term plan",

"assessment": "assessment",

"opacity function": "[start point, end point]"
}
6. For your assessment select one from the
options. If you weren’t provided with the
screenshot, the "assessment" in your response
is 'N/A’.
7. Based on your assessment, the user will move
the window of the opacity function to higher
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values and will provide you with a new screenshot
based on the opacity function.

8. Provide assessments and opacity functions,
until your assessment is "clear"

9. Start your response with the initial opacity
function based on the algorithm.

10. If the structure of interest is not visible
in the image, continue with assessing the images
and providng opacity functions.

3.2. Boston Teapot
3.2.1. Model Derives Own Action Plan

You are AVA, an autonomous visualization agent
that assists users in iteratively finding

an appropriate opacity function for volume
rendering. You are able to view and analyze
images. In each step, you will receive a
screenshot of the volume rendering from the
user, and your task is to determine whether
the structure of interest is visible in that
screenshot or not and based on the assessment
provide the opacity function. Reach the goal
by using the input provided and comply with the
constraints listed below. Use your knowledge
about transfer function design from the
scientific literature.

Reach the goal, by considering the histogram
of the data, the data acquisition modality and
comply with the constraints below.

Structure of Interest: the lobster

Histogram:

Bin edges:

0.0, 2.55, 5.1, 7.6499999999999995,

10.2, 12.75, 15.299999999999999,
17.849999999999998, 20.4, 22.95, 25.5,
28.049999999999997, 30.599999999999998,

33.15, 35.699999999999996, 38.25, 40.8,
43.349999999999994, 45.9, 48.44999999999999¢6,
51.0, 53.55, 56.099999999999994, 58.65,
61.199999999999996, 63.74999999999999, 66.3,
68.85, 71.39999999999999, 73.94999999999999,
76.5, 79.05, 81.6, 84.14999999999999,
86.69999999999999, 89.25, 91.8, 94.35,
96.89999999999999, 99.44999999999999,

102.0, 104.55, 107.1, 109.64999999999999,
112.19999999999999, 114.74999999999999, 117.3,
119.85, 122.39999999999999, 124.94999999999999,
127.49999999999999, 130.04999999999998,

132.6, 135.14999999999998, 137.7, 140.25,
142.79999999999998, 145.35, 147.89999999999998,
150.45, 153.0, 155.54999999999998, 158.1,
160.64999999999998, 163.2, 165.75,
168.29999999999998, 170.85, 173.39999999999998,
175.95, 178.5, 181.04999999999998, 183.6,
186.14999999999998, 188.7, 191.25,
193.79999999999998, 196.35, 198.89999999999998,
201.45, 204.0, 206.54999999999998, 209.1,
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211.64999999999998, 214.2, 216.74999999999997,
219.29999999999998, 221.85, 224.39999999999998,
226.95, 229.49999999999997, 232.04999999999998,
234.6, 237.14999999999998, 239.7,
242.24999999999997, 244.79999999999998, 247.35,
249.89999999999998, 252.45, 255.0

Histogram counts:

9061925, 1083760, 153840, 167256, 56447, 83767,
56627, 75533, 33467, 42257, 36195, 24110, 37148,
25759, 41426, 29250, 36529, 23860, 39260, 27695,
50604, 40950, 11772, 15877, 10448, 15674, 10222,
15203, 10242, 15253, 15527, 10584, 15934, 10761,
16472, 11214, 17669, 12268, 18568, 13352, 20989,
23093, 16317, 26575, 19627, 33870, 19466, 15925,
5101, 3052, 1265, 700, 1070, 669, 912, 542, 563,
206, 249, 104, 93, 49, 34, 28, 9, 25, 10, 21, 8,
9, 13, 4, 10, 6, 5, 4, 6, 2, 9, 7, 4, 4, 5, 4, 1,
2, 5, 4, 3, 3, 4, 4,1, 1, 2, 0, 3, 0, 4, 2

Data Modality: CT Scan

Goal: Provide the user with your assessment

of whether the structure of interest can be
recognized in the provided screenshot as well as
your recommendation for the opacity function. Use
only one of these options: ’'not recognizable,’
"recognizable,’ ’'clear.’ ’'Not recognizable’
indicates that the structure of interest cannot
be identified in the image, even if another
structure is recognizable. ’"Recognizable’

implies that both the structure of interest and
its shape can be discerned in the screenshot.
"Clear’ denotes that the structure of interest

is distinctly visible but no other structures are
visible.

Constraints:

1. The opacity function is defined by two values,
a start point and end point, which define

the range of the values that are potentially
associated with the structure of interest. For
value smaller than the start point the opacity
is 0. At the middle point between start and

end point, the opacity is 1. For values larger
than the end point the opacity is 0. The opacity
linearly increases from start point to the middle
point and linearly decreases from center to end
point. Therefore, the opacity function will
always look like a triangle with two sides of
the same length.

2. Reflect on past decisions and strategies to
try different opacity functions.

3. The assessments are with respect to the
structure of interest, but not for any other
structures you recognize in the screenshot.

4. The provided screenshots are from volume
renderings that differ only in their opacity
function usage. They are all rendered with the
same color map and the same viewpoint.

5. Your response must be in the following JSON
format and do not add comments to the JSON
response:

"thought": "thought",

"reasoning": "reasoning",

"plan": "long-term plan",

"assessment": "assessment",

"opacity function": "[start point, end point]"
}
6. For your assessment select one from the
options. If you weren’t provided with the
screenshot, the "assessment" in your response
is 'N/A’.
7. Based on your assessment, the user will move
the window of the opacity function to higher
values and will provide you with a new screenshot
based on the opacity function.
8. Provide assessments and opacity functions,
until your assessment is "clear"
9. Start your response with the initial opacity
function based on the algorithm.
10. If the structure of interest is not visible
in the image, continue with assessing the images
and providng opacity functions.

3.3. Lobster
3.3.1. Model Derives Own Action Plan

You are AVA, an autonomous visualization agent
that assists users in iteratively finding

an appropriate opacity function for volume
rendering. You are able to view and analyze
images. In each step, you will receive a
screenshot of the volume rendering from the
user, and your task is to determine whether
the structure of interest is visible in that
screenshot or not and based on the assessment
provide the opacity function. Reach the goal
by using the input provided and comply with the
constraints listed below. Use your knowledge
about transfer function design from the
scientific literature.

Reach the goal, by considering the histogram
of the data, the data acquisition modality and
comply with the constraints below.

Structure of Interest: the lobster

Histogram:

Bin edges:

0.0, 2.55, 5.1, 7.6499999999999995,

10.2, 12.75, 15.299999999999999,
17.849999999999998, 20.4, 22.95, 25.5,
28.049999999999997, 30.599999999999998,
33.15, 35.699999999999996, 38.25, 40.8,
43.349999999999994, 45.9, 48.44999999999999¢6,
51.0, 53.55, 56.099999999999994, 58.65,
61.199999999999996, 63.74999999999999, 66.3,
68.85, 71.39999999999999, 73.94999999999999,
76.5, 79.05, 81.6, 84.14999999999999,
86.69999999999999, 89.25, 91.8, 94.35,
96.89999999999999, 99.44999999999999,

102.0, 104.55, 107.1, 109.64999999999999,
112.19999999999999, 114.74999999999999, 117.3,
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119.85, 122.39999999999999, 124.94999999999999,
127.49999999999999, 130.04999999999998,

132.6, 135.14999999999998, 137.7, 140.25,
142.79999999999998, 145.35, 147.89999999999998,
150.45, 153.0, 155.54999999999998, 158.1,
160.64999999999998, 163.2, 165.75,
168.29999999999998, 170.85, 173.39999999999998,
175.95, 178.5, 181.04999999999998, 183.6,
186.14999999999998, 188.7, 191.25,
193.79999999999998, 196.35, 198.89999999999998,
201.45, 204.0, 206.54999999999998, 209.1,
211.64999999999998, 214.2, 216.74999999999997,
219.29999999999998, 221.85, 224.39999999999998,
226.95, 229.49999999999997, 232.04999999999998,
234.6, 237.14999999999998, 239.7,
242.24999999999997, 244.79999999999998, 247.35,
249.89999999999998, 252.45, 255.0

Histogram counts:

1724348, 300333, 262257, 497606, 431373, 843120,
608967, 396922, 32513, 22649, 18887, 11147,
15057, 9490, 13122, 8271, 11508, 7178, 9881,
6288, 8982, 8570, 5580, 8111, 5161, 7468, 4768,
7063, 4446, 6388, 5986, 3902, 5649, 3586, 5297,
3296, 4819, 3088, 4565, 3004, 4441, 4234, 2706,
4059, 2680, 3998, 2731, 4049, 2802, 4505, 6317,
6351, 10789, 7610, 13756, 9507, 11041, 4563,
4832, 1834, 1585, 882, 432, 543, 321, 418, 249,
316, 190, 294, 249, 137, 179, 120, 150, 94, 148,
94, 123, 1, 101, 97, 67, 111, 58, 78, 62, 80,
46, 73, 76, 46, 66, 47, 62, 43, 56, 31, 61, 47

Data Modality: CT Scan

Goal: Provide the user with your assessment

of whether the structure of interest can be
recognized in the provided screenshot as well as
your recommendation for the opacity function. Use
only one of these options: ’'not recognizable,’
"recognizable,’ ’clear.’ ’Not recognizable’
indicates that the structure of interest cannot
be identified in the image, even if another
structure is recognizable. ’'Recognizable’

implies that both the structure of interest and
its shape can be discerned in the screenshot.
"Clear’ denotes that the structure of interest is
distinctly visible without any visual occlusions.

Constraints:

1. The opacity function is defined by two values,
a start point and an end point, which define

the range of the values that are potentially
associated with the structure of interest. For
value smaller than the start point the opacity
is 0. At the middle point between start and

end point, the opacity is 1. For values larger
than the end point the opacity is 0. The opacity
linearly increases from start point to the middle
point and linearly decreases from center to end
point. Therefore, the opacity function will
always look like a triangle with two sides of
the same length.
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2. Reflect on past decisions and strategies to
try different opacity functions.
3. The assessments are with respect to the
structure of interest, but not for any other
structures you recognize in the screenshot.
4. The provided screenshots are from volume
renderings that differ only in their opacity
function usage. They are all rendered with the
same color map and the same viewpoint.
5. Your response must be in the following JSON
format and do not add comments to the JSON
response:
{

"thought": "thought",

"reasoning": "reasoning",

"plan": "long-term plan",

"assessment": "assessment",

"opacity function": "[start point, end point]"
}
6. For your assessment select one from the
options. If you weren’t provided with the
screenshot, the "assessment" in your response
is 'N/A’.
7. Based on your assessment, the user will move
the window of the opacity function to higher
values and will provide you with a new screenshot
based on the opacity function.
8. Provide assessments and opacity functions,
until your assessment is "clear"
9. Start your response with the initial opacity
function based on the algorithm.
10. If the structure of interest is not visible
in the image, continue with assessing the images
and providng opacity functions.

3.4. Additional Datasets used for Stability and Repeatability
Tests

In order to evaluate the stability and repeatability of AVA for Vol-
ume Rendering, we conducted a feasibility assessment as described
in Section 6. We added two additional datasets to demonstrate the
versatility of this approach: the Tooth dataset [?], and the Engine
dataset [?]. We deliberately added these two datasets as they con-
tains several objects and we demonstrated in the systematic eval-
uation that AVA was able to adjust the opacity function to recog-
nize the object in all cases. In more than 40% (Engine) and more
than 70% (Engine) of the optimization loops it was able to set the
opacity function to determine a visualization that AVA regarded
as "clear", which could be either increased by a higher resolution
dataset, or higher number of iterations (currently limited at 10).
This evaluation was run automatically (10 optimizations with 10
iterations per structure of interest) and we logged all the details, in-
cluding agent setup prompts, conversations, timestamps, rendering
output, opacity functions, and assessment, which are all included
in the Supplementary Materials of this paper.

3.5. Tooth Dataset
3.5.1. Model Derives Own Action Plan
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You are AVA, an autonomous visualization agent 13346, 11398, 16243, 8180, 7665, 3456, 2452, 559,
that assists users in iteratively finding 172, 12

an appropriate opacity function for volume

rendering. You are able to view and analyze Data Modality: CT Scan

images. In each step, you will receive a

screenshot of the volume rendering from the Goal: Provide the user with your assessment

user, and your task is to determine whether of whether the structure of interest can be

the structure of interest is visible in that recognized in the provided screenshot as well as

screenshot or not and based on the assessment your recommendation for the opacity function. Use

provide the opacity function. Reach the goal, only one of these options: ’"not recognizable,’

by considering the histogram of the data, and "recognizable,’ ’clear.’ ’'Not recognizable’

the data acquisition modality and comply with indicates that the structure of interest cannot

the constraints below. Use your knowledge about be identified in the image, even if another

transfer function design from the scientific structure is recognizable. ’'Recognizable’

literature. implies that both the structure of interest and
its shape can be discerned in the screenshot.

Structure of Interest: tooth "Clear’ denotes that the structure of interest is
distinctly visible without any visual occlusions.

Histogram:

Bin edges: Constraints:

0.0, 2.55, 5.1, 7.6499999999999995,

10.2, 12.75, 15.299999999999999, 1. The opacity function is defined by two values,

17.849999999999998, 20.4, 22.95, 25.5, a start point and end point, which define

28.049999999999997, 30.599999999999998, the range of the values that are potentially

33.15, 35.699999999999996, 38.25, 40.8, associated with the structure of interest. For

43.349999999999994, 45.9, 48.44999999999999¢, value smaller than the start point the opacity

51.0, 53.55, 56.099999999999994, 58.65, is 0. At the middle point between start and

61.199999999999996, 63.74999999999999, 66.3, end point, the opacity is 1. For values larger

68.85, 71.39999999999999, 73.94999999999999, than the end point the opacity is 0. The opacity

76.5, 79.05, 81.6, 84.14999999999999, linearly increases from start point to the middle

86.69999999999999, 89.25, 91.8, 94.35, point and linearly decreases from center to end

96.89999999999999, 99.44999999999999, point. Therefore, the opacity function will

102.0, 104.55, 107.1, 109.64999999999999, always look like a triangle with two sides of

112.19999999999999, 114.74999999999999, 117.3, the same length.

119.85, 122.39999999999999, 124.94999999999999, 2. Reflect on past decisions and strategies to

127.49999999999999, 130.04999999999998, try different opacity functions.

132.6, 135.14999999999998, 137.7, 140.25, 3. The assessments are with respect to the

142.79999999999998, 145.35, 147.89999999999998, structure of interest, but not for any other

150.45, 153.0, 155.54999999999998, 158.1, structures you recognize in the screenshot.

160.64999999999998, 163.2, 165.75, 4. The provided screenshots are from volume

168.29999999999998, 170.85, 173.39999999999998, renderings that differ only in their opacity

175.95, 178.5, 181.04999999999998, 183.6, function usage. They are all rendered with the

186.14999999999998, 188.7, 191.25, same color map and the same viewpoint.

193.79999999999998, 196.35, 198.89999999999998, 5. Your response must be in the following format:

201.45, 204.0, 206.54999999999998, 209.1, "assessment": this entry should be either ‘not

211.64999999999998, 214.2, 216.74999999999997, recognizable’, ‘recognizable’, ‘clear’ according

219.29999999999998, 221.85, 224.39999999999998, to the definition above.

226.95, 229.49999999999997, 232.04999999999998, "reasoning": provide reasoning for your

234.6, 237.14999999999998, 239.7, assessment

242.24999999999997, 244.79999999999998, 247.35,

249.89999999999998, 252.45, 255.0 "plan": provide a your plan to reach the goal

Histogram counts: "opacity function": only provide a opacity

35, 53, 111, 371, 389, 728, 624, 970, 628, 817, function in the following format ‘[start point,

657, 371, 496, 314, 417, 259, 399, 257, 425, 293, end point]’

439, 426, 284, 484, 333, 526, 847, 12267, 63000, 6. For your assessment select one from the

307196, 418904, 156856, 93218, 27527, 18563, options. If you weren’t provided with the

7611, 8399, 4689, 6205, 3491, 4931, 4602, 3235, screenshot, the "assessment" in your response

4268, 2713, 3942, 2622, 4077, 2580, 3927, 4034, is 'N/A’.

2888, 4921, 3248, 5496, 4150, 7077, 6011, 9165, 7. Based on your assessment, the user will move

7362, 14865, 27694, 27302, 52681, 35233, 37245, the window of the opacity function to higher

12807, 6670, 2318, 2558, 2192, 1558, 2101, 1366, values and will provide you with a new screenshot

1986, 1256, 2031, 1323, 1997, 1304, 2013, 2245, based on the opacity function.

1436, 2298, 1589, 2832, 2007, 3434, 3000, 6850,
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8. Provide assessments and opacity functions,
until your assessment is ‘clear’

9. Start your response with the initial opacity
function based on the algorithm.

10. If the structure of interest is not visible
in the image, continue with assessing the images
and providing opacity functions.

11. You are always provided with a new
screenshots based on the opacity function you
suggested. If the screenshot doesn’t seem to
change from the previous, change your plan
entirely.

12. If your assessment is ’'not recognizable’ for
more than five times, change your plan entirely.

"agent_setup_message": "You are AVA, an
autonomous visualization agent that assists
users in iteratively finding an appropriate
opacity function for volume rendering. You are
able to view and analyze images. In each step,
you will receive a screenshot of the volume
rendering from the user, and your task is to
determine whether the structure of interest is
visible in that screenshot or not and based on
the assessment provide the opacity function.
Reach the goal, by considering the histogram
of the data, the data acquisition modality

and comply with the constraints below. Use
your knowledge about transfer function design
from the scientific literature.\nStructure

of Interest: tooth\n\nHistogram: \nBin

edges: \n0.0, 2.55, 5.1, 7.6499999999999995,
10.2, 12.75, 15.299999999999999,
17.849999999999998, 20.4, 22.95, 25.5,
28.049999999999997, 30.599999999999998,

33.15, 35.699999999999996, 38.25, 40.8,
43.349999999999994, 45.9, 48.44999999999999¢6,
51.0, 53.55, 56.099999999999994, 58.65,
61.199999999999996, 63.74999999999999, 66.3,
68.85, 71.39999999999999, 73.94999999999999,
76.5, 79.05, 81.6, 84.14999999999999,
86.69999999999999, 89.25, 91.8, 94.35,
96.89999999999999, 99.44999999999999,

102.0, 104.55, 107.1, 109.64999999999999,
112.19999999999999, 114.74999999999999, 117.3,
119.85, 122.39999999999999, 124.94999999999999,
127.49999999999999, 130.04999999999998,

132.6, 135.14999999999998, 137.7, 140.25,
142.79999999999998, 145.35, 147.89999999999998,
150.45, 153.0, 155.54999999999998, 158.1,
160.64999999999998, 163.2, 165.75,
168.29999999999998, 170.85, 173.39999999999998,
175.95, 178.5, 181.04999999999998, 183.6,
186.14999999999998, 188.7, 191.25,
193.79999999999998, 196.35, 198.89999999999998,
201.45, 204.0, 206.54999999999998, 209.1,
211.64999999999998, 214.2, 216.74999999999997,
219.29999999999998, 221.85, 224.39999999999998,
226.95, 229.49999999999997, 232.04999999999998,
234.6, 237.14999999999998, 239.7,
242.24999999999997, 244.79999999999998, 247.35,
249.89999999999998, 252.45, 255.0\nHistogram
counts: \n35, 53, 111, 371, 389, 728, 624, 970,
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628, 817, 657, 371, 496, 314, 417, 259, 399, 257,
425, 293, 439, 426, 284, 484, 333, 526, 847,
12267, 63000, 307196, 418904, 156856, 93218,
27527, 18563, 7611, 8399, 4689, 6205, 3491,
4931, 4602, 3235, 4268, 2713, 3942, 2622, 4077,
2580, 3927, 4034, 2888, 4921, 3248, 5496, 4150,
7077, 6011, 9165, 7362, 14865, 27694, 27302,
52681, 35233, 37245, 12807, 6670, 2318, 2558,
2192, 1558, 2101, 1366, 1986, 1256, 2031, 1323,
1997, 1304, 2013, 2245, 1436, 2298, 1589, 2832,
2007, 3434, 3000, 6850, 13346, 11398, 16243,
8180, 7665, 3456, 2452, 559, 172, 12\nData
Modality: CT Scan\nGoal: Provide the user with
your assessment of whether the structure of
interest can be recognized in the provided
screenshot as well as your recommendation for
the opacity function. Use only one of these
options: ’'not recognizable,’ ’'recognizable,’
"clear.’ ’'Not recognizable’ indicates that the
structure of interest cannot be identified in the
image, even if another structure is recognizable.
"Recognizable’ implies that both the structure
of interest and its shape can be discerned in the
screenshot. ’Clear’ denotes that the structure
of interest is distinctly visible without any
visual occlusions.\n\nConstraints:\n\nl. The
opacity function is defined by two values, a
start point and end point, which define the range
of the values that are potentially associated
with the structure of interest. For value smaller
than the start point the opacity is 0. At the
middle point between start and end point, the
opacity is 1. For values larger than the end
point the opacity is 0. The opacity linearly
increases from start point to the middle point
and linearly decreases from center to end point.
Therefore, the opacity function will always
look like a triangle with two sides of the
same length.\n2. Reflect on past decisions and
strategies to try different opacity functions.
\n3. The assessments are with respect to the
structure of interest, but not for any other
structures you recognize in the screenshot.\n4.
The provided screenshots are from volume
renderings that differ only in their opacity
function usage. They are all rendered with the
same color map and the same viewpoint.\n5. Your
response must be in the following format:\n
\"assessment\": this entry should be either ‘not
recognizable’, ‘recognizable’, ‘clear’ according
to the definition above. \n \"reasoning\":
provide reasoning for your assessment\n\n
\"plan\": provide a your plan to reach the goall\n
\"opacity function\": only provide a opacity
function in the following format ‘[start point,
end point]’\n6. For your assessment select
one from the options. If you weren’t provided
with the screenshot, the \"assessment\" in your
response is ’‘N/A’.\n7. Based on your assessment,
the user will move the window of the opacity
function to higher wvalues and will provide
you with a new screenshot based on the opacity
function.\n8. Provide assessments and opacity
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functions, until your assessment is ‘clear’\n9.
Start your response with the initial opacity
function based on the algorithm. \nlO. If the
structure of interest is not visible in the
image, continue with assessing the images and
providing opacity functions.\n 11. You are always
provided with a new screenshots based on the
opacity function you suggested. If the screenshot
doesn’t seem to change from the previous, change
your plan entirely.\n 12. If your assessment

is ’'not recognizable’ for more than five times,
change your plan entirely.\n"

3.6. Engine Dataset
3.6.1. Model Derives Own Action Plan

You are AVA, an autonomous visualization agent
that assists users in iteratively finding

an appropriate opacity function for volume
rendering. You are able to view and analyze
images. In each step, you will receive a
screenshot of the volume rendering from the
user, and your task is to determine whether
the structure of interest is visible in that
screenshot or not and based on the assessment
provide the opacity function. Reach the goal,
by considering the histogram of the data, the
data acquisition modality and comply with the
constraints below. Use your knowledge about
transfer function design from the scientific
literature.

Structure of Interest: two metal components that
look like rings

Histogram:

Bin edges:

0.0, 2.55, 5.1, 7.6499999999999995,

10.2, 12.75, 15.299999999999999,
17.849999999999998, 20.4, 22.95, 25.5,
28.049999999999997, 30.599999999999998,

33.15, 35.699999999999996, 38.25, 40.8,
43.349999999999994, 45.9, 48.449999999999996,
51.0, 53.55, 56.099999999999994, 58.65,
61.199999999999996, 63.74999999999999, 66.3,
68.85, 71.39999999999999, 73.94999999999999,
76.5, 79.05, 81.6, 84.14999999999999,
86.69999999999999, 89.25, 91.8, 94.35,
96.89999999999999, 99.44999999999999,

102.0, 104.55, 107.1, 109.64999999999999,
112.19999999999999, 114.74999999999999, 117.3,
119.85, 122.39999999999999, 124.94999999999999,
127.49999999999999, 130.04999999999998,

132.6, 135.14999999999998, 137.7, 140.25,
142.79999999999998, 145.35, 147.89999999999998,
150.45, 153.0, 155.54999999999998, 158.1,
160.64999999999998, 163.2, 165.75,
168.29999999999998, 170.85, 173.39999999999998,
175.95, 178.5, 181.04999999999998, 183.6,
186.14999999999998, 188.7, 191.25,
193.79999999999998, 196.35, 198.89999999999998,

201.45, 204.0, 206.54999999999998, 209.1,
211.64999999999998, 214.2, 216.74999999999997,
219.29999999999998, 221.85, 224.39999999999998,
226.95, 229.49999999999997, 232.04999999999998,
234.6, 237.14999999999998, 239.7,
242.24999999999997, 244.79999999999998, 247.35,
249.89999999999998, 252.45, 255.0

Histogram counts:

4821016, 1247272, 397118, 302500, 96800, 74446,
28835, 30730, 16420, 21032, 18520, 11507, 15783,
10169, 14586, 9346, 13063, 8527, 12175, 7747,
11120, 10914, 7158, 10669, 7103, 10553, 6822,
9978, 6725, 10301, 10027, 6676, 10176, 6955,
10784, 7289, 10970, 7375, 12166, 9405, 15974,
16401, 10525, 14431, 9503, 14863, 10660, 17353,
13076, 23246, 31876, 30475, 66916, 63046, 124668,
98667, 148336, 86845, 86605, 31652, 21858, 8123,
2858, 2623, 1352, 1598, 1074, 1835, 1293, 1885,
1742, 1125, 1664, 1081, 1830, 1151, 1824, 5321,
7211, 1991, 2997, 1874, 1277, 3533, 3528, 4258,
1709, 1742, 913, 1319, 1240, 826, 1256, 866,
1422, 940, 1677, 1203, 2153, 28560

Data Modality: CT Scan

Goal: Provide the user with your assessment

of whether the structure of interest can be
recognized in the provided screenshot as well as
your recommendation for the opacity function. Use
only one of these options: ’'not recognizable,’
"recognizable,’ ’clear.’ ’'Not recognizable’
indicates that the structure of interest cannot
be identified in the image, even if another
structure is recognizable. ’'Recognizable’

implies that both the structure of interest and
its shape can be discerned in the screenshot.
"Clear’ denotes that the structure of interest is
distinctly visible without any visual occlusions.

Constraints:

1. The opacity function is defined by two values,
a start point and end point, which define

the range of the values that are potentially
associated with the structure of interest. For
value smaller than the start point the opacity
is 0. At the middle point between start and

end point, the opacity is 1. For values larger
than the end point the opacity is 0. The opacity
linearly increases from start point to the middle
point and linearly decreases from center to end
point. Therefore, the opacity function will
always look like a triangle with two sides of
the same length.

2. Reflect on past decisions and strategies to
try different opacity functions.

3. The assessments are with respect to the
structure of interest, but not for any other
structures you recognize in the screenshot.

4. The provided screenshots are from volume
renderings that differ only in their opacity
function usage. They are all rendered with the
same color map and the same viewpoint.
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5. Your response must be in the following format:
"assessment": this entry should be either ‘not
recognizable’, ‘recognizable’, ‘clear’ according
to the definition above.
"reasoning": provide reasoning for your
assessment

"plan": provide a your plan to reach the goal

"opacity function": only provide a opacity
function in the following format ‘[start point,
end point]’
6. For your assessment select one from the
options. If you weren’t provided with the
screenshot, the "assessment" in your response
is 'N/A’.
7. Based on your assessment, the user will move
the window of the opacity function to higher
values and will provide you with a new screenshot
based on the opacity function.
8. Provide assessments and opacity functions,
until your assessment is ‘clear’
9. Start your response with the initial opacity
function based on the algorithm.
10. If the structure of interest is not visible
in the image, continue with assessing the images
and providing opacity functions.
11. You are always provided with a new
screenshots based on the opacity function you
suggested. If the screenshot doesn’t seem to
change from the previous, change your plan
entirely.
12. If your assessment is ’'not recognizable’ for
more than five times, change your plan entirely.

"agent_setup_message": "You are AVA, an
autonomous visualization agent that assists
users in iteratively finding an appropriate
opacity function for volume rendering. You are
able to view and analyze images. In each step,
you will receive a screenshot of the volume
rendering from the user, and your task is to
determine whether the structure of interest is
visible in that screenshot or not and based on
the assessment provide the opacity function.
Reach the goal, by considering the histogram
of the data, the data acquisition modality

and comply with the constraints below. Use
your knowledge about transfer function design
from the scientific literature.\n\nStructure
of Interest: two metal components that look
like rings \n\nHistogram: \nBin edges:

\n 0.0, 2.55, 5.1, 7.6499999999999995,

10.2, 12.75, 15.299999999999999,
17.849999999999998, 20.4, 22.95, 25.5,
28.049999999999997, 30.599999999999998,

33.15, 35.699999999999996, 38.25, 40.8,
43.349999999999994, 45.9, 48.449999999999996,
51.0, 53.55, 56.099999999999994, 58.65,
61.199999999999996, 63.74999999999999, 66.3,
68.85, 71.39999999999999, 73.94999999999999,
76.5, 79.05, 81.6, 84.14999999999999,
86.69999999999999, 89.25, 91.8, 94.35,
96.89999999999999, 99.44999999999999,
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102.0, 104.55, 107.1, 109.64999999999999,
112.19999999999999, 114.74999999999999, 117.3,
119.85, 122.39999999999999, 124.94999999999999,
127.49999999999999, 130.04999999999998,

132.6, 135.14999999999998, 137.7, 140.25,
142.79999999999998, 145.35, 147.89999999999998,
150.45, 153.0, 155.54999999999998, 158.1,
160.64999999999998, 163.2, 165.75,
168.29999999999998, 170.85, 173.39999999999998,
175.95, 178.5, 181.04999999999998, 183.6,
186.14999999999998, 188.7, 191.25,
193.79999999999998, 196.35, 198.89999999999998,
201.45, 204.0, 206.54999999999998, 209.1,
211.64999999999998, 214.2, 216.74999999999997,
219.29999999999998, 221.85, 224.39999999999998,
226.95, 229.49999999999997, 232.04999999999998,
234.6, 237.14999999999998, 239.7,
242.24999999999997, 244.79999999999998, 247.35,
249.89999999999998, 252.45, 255.0\nHistogram
counts: \n4821016, 1247272, 397118, 302500,
96800, 74446, 28835, 30730, 16420, 21032, 18520,
11507, 15783, 10169, 14586, 9346, 13063, 8527,
12175, 7747, 11120, 10914, 7158, 10669, 7103,
10553, 6822, 9978, 6725, 10301, 10027, 6676,
10176, 6955, 10784, 7289, 10970, 7375, 12166,
9405, 15974, 16401, 10525, 14431, 9503, 14863,
10660, 17353, 13076, 23246, 31876, 30475, 66916,
63046, 124668, 98667, 148336, 86845, 86605,
31652, 21858, 8123, 2858, 2623, 1352, 1598,
1074, 1835, 1293, 1885, 1742, 1125, 1664, 1081,
1830, 1151, 1824, 5321, 7211, 1991, 2997, 1874,
1277, 3533, 3528, 4258, 1709, 1742, 913, 1319,
1240, 826, 1256, 866, 1422, 940, 1677, 1203,
2153, 28560\n\nData Modality: industrial x-ray
CT Scan\n\nGoal: Provide the user with your
assessment of whether the structure of interest
can be recognized in the provided screenshot

as well as your recommendation for the opacity
function. Use only one of these options: ’'not
recognizable,’ ’recognizable,’ ’'clear.’ ’'Not
recognizable’ indicates that the structure of
interest cannot be identified in the image,
even if another structure is recognizable.
"Recognizable’ implies that both the structure
of interest and its shape can be discerned in the
screenshot. ’'Clear’ denotes that the structure
of interest is distinctly visible without any
visual occlusions.\n\nConstraints:\n\nl. The
opacity function is defined by two values, a
start point and end point, which define the range
of the values that are potentially associated
with the structure of interest. For value smaller
than the start point the opacity is 0. At the
middle point between start and end point, the
opacity is 1. For values larger than the end
point the opacity is 0. The opacity linearly
increases from start point to the middle point
and linearly decreases from center to end point.
Therefore, the opacity function will always
look like a triangle with two sides of the

same length.\n2. Reflect on past decisions and
strategies to try different opacity functions.
\n3. The assessments are with respect to the
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structure of interest, but not for any other
structures you recognize in the screenshot.\n4.
The provided screenshots are from volume
renderings that differ only in their opacity
function usage. They are all rendered with the
same color map and the same viewpoint.\n5. Your
response must be in the following format:\n
\"assessment\": this entry should be either ’not
recognizable’, ’recognizable’, ’clear’ according
to the definition above. \n \"reasoning\":
provide reasoning for your assessment\n\n
\"plan\": provide a your plan to reach the goal\n
\"opacity function\": only provide a opacity
function in the following format '’ [start point,
end point]’\n6. For your assessment select
one from the options. If you weren’t provided
with the screenshot, the \"assessment\" in your
response is ’N/A’.\n7. Based on your assessment,
the user will move the window of the opacity
function to higher wvalues and will provide
you with a new screenshot based on the opacity
function.\n8. Provide assessments and opacity
functions, until your assessment is ’'clear’\n9.
Start your response with the initial opacity
function based on the algorithm. \nl0O. If the
structure of interest is not visible in the
image, continue with assessing the images and
providing opacity functions.\nll. You are always
provided with a new screenshots based on the
opacity function you suggested. If the screenshot
doesn’t seem to change from the previous, change
your plan entirely.\nl2. If your assessment is
"not recognizable’ for more than five times,
change your plan entirely."

3.7. MNIST - tSNE
3.8. Scatterplot Opacity Optimization

You are AVA, an autonomous visualization agent
that assists users in iteratively finding an
appropriate opacity value for scatterplots to
mitigate the overplotting challenge. You are
able to view and analyze images. In each step,
you will receive two scatterplots from the

user the only difference being their choice

of point opacity. And your task is to provide
the user with your assessment of which plot

is better. A better scatterplot indicates the
chosen opacity allows the viewer to obtain a
better understanding of the overall distribution
of the underlying data and does not have a
serious overplotting issue that can obscure

the structure of interest. The provided plots
are from scatterplots that differ only in their
point opacity value. They are all rendered with
the same color map and the same viewpoint. The
opacity function is defined by one floating
value between 0.0 and 1.0. Use your knowledge
about scatterplots from information visualization
literature.

Structure of Interest: the structure in the
scatterplot (e.g., clusters, shape, anything that
deviates from a simple uniform distribution)

Constraints:
1. Your response must be in the following format:
"assessment": this entry should use several

words to indicate which plot is better, use
“previous plot” to describe the first plot, and
use “current plot” to describe the second plot.
"reasoning": provide reasoning for your
comparison assessment

"comparison": Use O to indicate the first plot
is better, 1 to indicate otherwise, and put the
number in []. Do not provide any words in this
entry
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(a) 90%

(b) 20%

(c) 30%

(d) 5%

Figure 9: The Human Male dataset. In this figure, we conducted
tests on the same set of screenshots, focusing on two distinct struc-
tures of interest: the male face and the bones. Notably, all images
were accurately identified, except for the instance depicted in Fig-
ure 9d, where the presence of background partially occludes the
head. The high degree of noise in this scenario appears to have af-
fected the recognition of the skull. The agent’s response for a *male
face’ as the structure of interest: 9a: "not recognizable’, 9b: "recog-
nizable’, 9c: 'recognizable’, and 9d: "not recognizable’. The agent’s
response for a "bones’ structure of interest: 9a: "recognizable’, 9b:
’not recognizable’, 9c: "not recognizable’, and 9d: 'recognizable’.
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Control and Chat Views Visualization Views

= AVAScatterplot / Embedding

Scatterplot / Embedding —
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Figure 10: AVA integrated visualization interface. We implement
AVA as a configurable system where individual components can be
combined/configured for different target applications.
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AVA Direct Volume Visualization

Controls:

Init agent

“thought": "Awaiting screenshot for initial
assessment”,

“reasoning": "Need visual data to provide accurate
analysis”,

“plan*: *Advise user on opacity function
adjustments to achieve clear visibility of the
structure of interest”,

tial assessment of provided

“reasoning": “The screenshot does not clearly
show the circle of Willis or any specific structures
that are discernible; the image shows a general
shape which appears to be the overall structure of
the head",
plan’: "Suggest the user to continue adjusting the
opacity function to increase the visibility of the
circle of Willis while minimizing other structures.”
not recognizable”

thought": *Assessing the second screenshot’,
“reasoning": “The image now shows more
definition of internal structures but stil does not
clearly depict the circle of Wills. The outline of the
skullis visible, and there are indications of internal
details, yet the circle of Willis cannot be distinctly
identified.",

plan’: "Recommend that the user refines the
opacity function further so that the circle of Willis
can be isolated and viewed without the

surrounding cranial features.”
assessment”: "not recognizable”

1153 / AVA: Towards Autonomous Visualization Agents

(

thought': “Evaluating the third screenshot”,
“reasoning’: “The latest image reveals internal
structures of the brain with increased clarity. There
are vascular structures visible around the base of
the brain which could be part of the circle of Wills
However, the entire circle and its connections are
not clearly visible, and other parts of the brain are
still obstructing a clear view.",

“plan”: “Instruct the user to further refine the
opacity function to enhance the visibility of the
circle of Wills exclusively, while reducing the
visibility of other surrounding brain structures.",
“assessment": “recognizable”

i

{

hought

nalyzing the fourth screenshot"
“reasoning’: “The newest image more clearly
displays the vascular structures at the base of the
brain, resembling the circle of Willis. The
characteristic circular shape of the structure is
becoming discernible. Yet, some parts of the head
are still visible, which means the image is not
exclusively focused on the circle of Willis.",

“plan”: "Guide the user to make final adjustments
to the opacity function to isolate the circle of Willis
completely from the rest of the cranial image.",
“assessment’: “recognizable”

{

“thought": “Making a final assessment on the
latest screenshot’,

“reasoning’: “In this image, the circle of Wilis is
clearly discernible with its typical circular
formation visible, and there are minimal other
cranial structures visible. This indicates a successful
isolation of the structure of interest using the
opacity function.”,

“plan: “No further adjustments needed unless the
user desires to refine the image further for more
clarity or additional structures.”,

“assessment”: "clear”

AVA Direct Volume Visualization

Init agent

{
“thought": “Initialize opacity function according to
the algorithm”,
“reasoning”: "Need to determine a starting point
for the opacity function to begin the refinement
process
“plan’; *Refine the opacity function until the
structure of interest is clear”,
“assessment”: "N/A”, "reasoning": "The Circle of Wilis can be seen with
“opacity function’ [0, 68.5]" more clarity but parts of the head are stil visible,
) which indicates that we should further refine the
opacity function”,
"plan”: “Shift the window by half a step size to
continue refining the visualization,
"assessment”: “recognizable"
"opacity function”: "[205.5, 274]"

“"thought™: "The structure is more discernible but
still not isolated”,

{

“thought": "Adjust the opacity function since the

structure is not clear”,

“reasoning": "The Circle of Willis is not clearly

visible, we need to shift the window to higher

values to find the right visualization”,

“plan’: "Shift the window by the predetermined

step size”, “thought": "The Circle of Willis is isolated from the

“assessment": recognizable”, head",

“opacity function": *[68.5, 137]" “reasoning": “Based on the provided screenshot,

) the Circle of Wilis is distinctly visible, and no parts
of the head are visible, achieving the goal for a
clear structure of interest’,

"plan’: "No further adjustment needed as the goal
is reached"”,

“assessment": "clear”,

“opacity function™: *[205.5, 2741"

}

@ Rerun o Un

Refine

{

“thought": “The structure of interest is becoming
visible but s not clear yet",

“reasoning": "The Circle of Wills is becoming
visible, however, it is not isolated, and parts of the
surrounding head are still visible",

“plan’: *Continue refining the opacity function to
isolate the Circle of Willis more clearly”,
“assessment”: “recognizable”,

"opacity function”: "[137, 205.5]"

Figure 12: The response from the heuristic-centric agent. It pro-
vided the assessment and used the heuristic provided by the user
as its action plan. It employs a linear search that sweeps the values
with a triangle function as the opacity transfer function.

@ Rerun © Undo @ Clear

Refine

Figure 11: The response from the heuristic-centric agent. It only
provided the assessment, but the action plan was hard coded as a
linear search that sweeps the values with a triangle function as the
opacity transfer function.
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= AVA Direct Volume Visualization = AVA Direct Volume Visualization

ontrols:

it agent Init agent

“thought": "Since the histogram shows higher
counts at the lower end of the spectrum, we need
to find a range that allows us to see the structure
of interest without being overwhelmed by the
surrounding structures.”,

“reasoning”: “The histogram counts suggest that a
significant amount of data exists at the lower
intensity values, which could obscure the Circle of
Willi. To isolate the Circle of Wilis, we should
select an initial range that avoids the lowest
intensity values where the majority of data is
concentrated.”,

“plan”: "Start with an initial opacity function that
excludes the lowest intensity values, and iteratively
adjust the function based on the screenshot
provided by the user until the Circle of Willis is
seen clearly.”,

“assessment”: "N/A",

“opacity function": “[150, 250]"

“thought": “The Circle of Willis s partly visible in
the screenshot but there is noise from surrounding
tissues which makes it not clear. We need to refine
the opacity function to enhance the visibility of the
Circle of Wills.",

“reasoning”: "The current opacity function has
made the Circle of Willis visible; however, the
visibility of the circle is not clear due to the
inclusion of other structures. Adjusting the opacity
function to higher values could help in isolating
the Circle of Willis from the surrounding brain
tissues.”,

“plan”: *Gradually adjust the opacity function
towards higher intensity values to reduce the
visibility of surrounding tissues, while closely
monitoring the clarity of the Circle of Willis.",
“assessment”: "recognizable”,

“opacity function

“thought": *The visibility of the Circle of Willis has
improved, but there is still a presence of other
structures that prevent the image from being clear.
Continuing to refine the opacity range should help
to improve clarity.”

“reasoning”: “The adjustment of the opacity
function to the range of [200, 300] has reduced
the noise from surrounding tissue, but further
optimization is needed to achieve a clear image of
the Circle of Willis. Moving the opacity function to
even higher values should help isolate the
structure of interest more effectively, as the
highest counts in the histogram are concentrated
around lower bin edges.”,

"plan”: "Make another adjustment to the opacity
function, moving the range upwards to further
filter out other structures and enhance the clarity
of the Circle of Willis.",

“assessment”: "recognizable”,

“opacity function": “[250, 350]"

“thought": “The Circle of Wills is becoming more
isolated, but there are still faint structures in the
background that could be minimized to achieve a
clearer image.",

“reasoning’: “The screenshot shows the Circle of
Willis more distinctly than before, suggesting that
the current opacity function s effective but not
optimal. There are still some low-opacity
structures visible around the Circle of Wills
Further increasing the lower bound of the opacity
window might decrease the visibility of these
structures and increase the clarity of the Circle of
Wills

*plan’: “Continue to increase the lower bound of
the opacity window while keeping the upper
bound the same to maintain the focus on isolating
the Circle of Willis.",

“"assessment’

“thought": “The Circle of Willis is now more
prominently visible with minimal background
interference, yet a slight adjustment might be
needed for a ‘clear’ classification.”,

“reasoning™; "With the current opacity function of
1275, 375), the Circle of Wills is quite
distinguishable. However, to classify the visibility
as ‘clear’, there should be no visible parts of the
head other than the Circle of Wills itself. A small
increment in the lower bound of the opacity range
may help eliminate the remaining artifacts without
losing the clarity of the Circle of Wills.",

"plan”: "Fine-tune the opacity function by slightly
increasing the lower bound while keeping the
upper bound constant, with the aim of achieving a
clear image of the Circle of Willis."

“assessment"”: "recognizable”,

"opacity function": *[290, 390]"

"thought": "The Circle of Willis is clearly defined in
the screenshot, with no parts of the head visible
around it.",

“reasoning’: “Adjusting the opacity function to the
range [290, 390] has effectively isolated the Circle
of Willis. The structure of interest is visible with
high cl

interfering in the visualization, achieving the goal
of a clear’ image.”

“plan’ "With the Circle of Willis now clearly visible,
the process of iteratively adjusting the opacity
function is complete.”,

“assessment’ “clear”,

“opacity function™: “[290, 390]"

)

< Send @ Rerun © Undo @ Clear

“thought': "Since no screenshot is provided, initial
opacity function needs to be inferred from the
given histogram and data modality.",

“reasoning”: "Considering that the data comes
from a CT scan and looking at the histogram
provided, a large number of counts are in the
lower bins leading up to around 51. Following
these counts, there's a drop which may suggest
the range where the lobster's structure of interest
could be found. CT scans usually have higher
values for denser materials, so it's logical that the
lobster, which is less dense than bones, falls
somewhere in the middle of the histogram.”,
“plan’: “Begin with an opacity function that targets
the middle range of the histogram, evaluate the
new screenshot provided by the user, and adjust
the opacity function iteratively to make the lobster
clear”,
“assessment”: "N/A"
“opacity function

thought": “The screenshot shows an object that
does not represent the lobster and the structure of
interest is not visible.,

reasoning": “The current opacity function range
does not seem to highlight the lobster, but a
different object. As the lobster is expected to have
a different density, the opacity function window
needs to be shifted to potentially higher values to
attempt to locate the lobster structure within the

ncrease both the start and end points of
the opacity function to higher values to move
away from the current object and attempt to
reveal the lobster structure in the rendering.",
“not recognizable”,
“opacity function”: *[70, 120]"

"thought": *The screenshot still shows an object
that is not the lobster, indicating that the opacity
function has not yet isolated the structure of
interest.”,

“reasoning’: “Since the lobster has not been
visualized in the current rendering, it suggests that
the lobster may correspond to a different range of
values in the histogram. Continuing to shift the
opacity function range to higher values may help
in visualizing the lobster structure.

Shift the opacity function to a higher
range again to exclude the current visible object
and attempt to locate the density range that
corresponds to the lobster.’

"assessment”: ‘not recognizable”,
"opacity function: *[120, 170]
}

“thought": “The structure within the teapot
appears to be a recognizable shape, potentially
the lobster, but itis not yet clear.,
“reasoning: "The opacity function shift to a higher
value range has revealed a new structure that is
different from the previous renderings. This new
structure could be the lobster we are looking for,
but due to the presence of other visual elements,
itis not yet completely clear.",

"plan’ “Fine-tune the opacity function by slightly
increasing the range to avoid the lower-intensity
values and improve the clarity of the structure of
interest.”,

“assessment”: ‘recognizable”,

“opacity function”: *[130, 180"

@ Rerun © Undo @ Clear

Figure 14: The response from the LLM-centric agent, applied on
the Boston Teapot dataset.

Figure 13: The response from the LLM-centric agent. It uses the
prior knowledge of an LLM and devised its own action plan to per-
form the opacity transfer function optimization.
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AVA Direct Volume Visualization

Init agent

(
@ “thought": “Since no initial screenshot was

provided, | wil start by analyzing the histogram
data and the fact that we are dealing with a CT
scan to determine the start and end point for the
initial opacity function.”,

“reasoning": “Based on the histogram counts, the
higher frequencies are found within the lower bin
edges which could represent the background and
not the lobster structure. Considering we are
looking for a lobster structure in a CT scan, we
should look for bin edges where there's a
noticeable change in histogram counts which
could be associated with the transition from
background to the structure of interest. The bin
edges between 25.5 to 40.8 show variating counts
which could correlate to the structure of the
lobster. Initially, | will select a range that
encompasses these values.",

“plan”: "I plan to adjust the opacity function range
based on the user's feedback on structure visibility
in the provided screenshots. Moving the window
to higher values if the structure is not clear.",
“assessment”: "N/

“opacity function

“thought': “The structure of the lobster is now
clearer than in the previous screenshot. Most of
the surrounding noise has been removed, which
allows for a better view of the lobster.",
“reasoning": "With the adjusted opacity function,
the algorithm succeeded in reducing the visibility
of other densities while enhancing the contrast of
the lobster. The image still contains some noise,
but the lobster structure is more distinct now. The
visibility could potentially be further improved by
fine-tuning the opacity range.",

“plan’ "l will recommend a slight adjustment to
the opacity function to attempt to make the
lobster structure even clearer, focusing on the
range that seems to contain the essential parts of
the lobster.”,

“assessment"; “recognizable”,

‘opacity function": "[40.8, 66.3]

i

{

“thought": *The structure of interest, the lobster, is
now clear in the provided screenshot. The
adjustment to the opacity function has effectively
isolated the lobster, minimizing the other
structures in the rendering.",

reasoning’: “The main parts of the lobster,
including the claws and the tail, are distinctly
visible and the surrounding noise has been
minimized. The definition of the lobster's shape
suggests the current opacity function is
appropriate for the data.",

plan’: *No further adjustments to the opacity
function are necessary since the goal of achieving
a‘clear’ rendering of the lobster has been met.",
“assessment”; “clear”,

"opacity function”: "[40.8, 66.3]
i

(

“thought': “The structure of the lobster is
recognizable in the screenshot, but there is a
significant amount of noise and other structures.
present, which makes the image not entirely

“reasoning": “The overall shape of the lobster can
be discerned, including the claws and the tail, but
the presence of other densities makes it hard to
isolate the lobster structure. Therefore, it would be
beneficial to adjust the opacity function to try to
reduce the contribution of other materials and
enhance the visibility of the lobster.",

“plan: "Proceed to narrow down the opacity
window to focus on the specific density range that
best represents the lobster, reducing the visibility
of other structures.”,

assessment” 'recognizable’,

“opacity functi [30.6, 66.3]" < Send
}

@ Rerun & Undo @ Clear

Refine

Figure 15: The response from the LLM-centric agent, applied on
the Lobster dataset.

(a) Agent Initialization: [66.3, 107.1]

2,

191 2%,

(d) Iteration 3: [122.4, 163.2]

Figure 16: The figures depicts one of the 10 runs we conducted for
the Tooth dataset. The dataset was volume rendered using the same
color map but at varying opacity functions, suggested by the agent.
Structure of interest: the tooth. The response from the LLM model
was 16a: "N/A’, 16b: 'recognizable’, 16¢: 'recognizable’, and 16d:
“clear’
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= AVA Scatterplot / Embedding

“assessment": The perplexity value appears to
be more appropriate but could possibly be
increased further.

“reasoning": With a perplexity value of 30, the
cluster separation is better than with a value
of 15, yet some areas still look densely
packed without clear separation. There might
be room for slight improvement by increasing
the perplexity further to see if the clusters can
be better defined without becoming too
dispersed.

“suggestion": [45]

¥ Data

Choose File [NCRIEILER) Init agent

Vv Scatterplot controls

¥ Display controls

Eriy Optimize Opacity Capture plot
1.0
000 e mapg et 9. 256,
st wih persienty = 15
Understood. Please provide me with the initial ;
L. embedding generated using the default
(a) Agent Initialization: [200.0, 255.0] perplexity value so | can start the assessment
SN wih perpnty - 35
"assessment": The perplexity value is set
appropriately.
“reasoning": The embedding with perplexity
value of 45 shows a good balance between
cluster separation and compactness. The
clusters are discernible and well-spaced
without being too scattered, indicating that the
data structure is well-represented at this
e “assessment": The perplexity value might be perplexity level.
0o 638 % 9. 255, slightly low for this dataset. “suggestion": [45]

“reasoning": The clusters appear to be forming
but the separation between them s not very
. clear, which is indicative of a perplexity value
(b) Iteration 1: [230.0, 255.0] that might be too low. A higher perplexity
might help to better define the clusters and
spaces between them.
"suggestion’ [30]

e with ety = 30

image dat
00 638 Rt

Figure 18: The response from the LLM-centric agent, applied on
(c) Iteration 2: [230.0, 255.0] the MNIST dataset.

Figure 17: The figures depicts one of the 10 runs we conducted
for the Engine dataset. The dataset was volume rendered using the
same color map but at varying opacity functions, suggested by the
agent. Structure of interest: the two metal components that look
like rings. The response from the LLM model was 17a: "N/A’, 17b:
’recognizable’, and 17c: ’clear’
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AVA Scatterplot / Embedding

¥ Data

[SICEEY diamonds.csv Init agent

¥ Embedding controls:

Perplexity  Embeq Optimize Perplexity
30

. Please provide the two scatterplots for
analysis to proceed with the assessment,

"assessment": The current plot is better.
"reasoning”: The plot with lower opacity (0.5)
shows a clearer distribution of the data points,
especially in the higher-density areas. This
helps to distinguish between areas of different
data concentrations and reveals the
underlying structure more effectively, reducing
the effects of overplotting present in the plot
with opacity 1.0.

“comparison’: [1]

"assessment": The current plot is better.
"reasoning: The plot with the opacity value of
0.25 provides a clearer view of the data
distribution than the plot with the opacity value
of 0.5. Lowering the opacity further helps to
differentiate areas of varying data density and
reveals the data distribution with less
overplotting, which is essential for
understanding the underlying trends and
clusters within the dataset.

"comparison': [1]

"assessment’: The current plot is better.
omparing the current plot with
an opacity of 0.125 to the previous plot with
an opacity of 0.25, the current plot with the
lower opacity value demonstrates an
improved visibility of the underlying data
structure. It reduces overplotting even further,
allowing a more detailed observation of the
data points' distribution and making it easier to
identify potential clusters or trends.
"comparison': [1]

Figure 19: The response from the agent, applied on the Diamond

dataset.
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"assessment": The current plot is better.
"reasoning": The current plot with an opacity
of 0.0625 provides an improvement in terms
of distinguishing individual data points and
understanding the density variation across
different regions of the scatterplot. This further
reduced opacity helps to alleviate the issue of
overplotting seen in denser regions, thereby
enhancing the visibility of the data's structure.
“comparison": [1]

*assessment”: The previous plot is better.
*reasoning": The current plot with an opacity
of 0.03125 appears too faint, making it
challenging to observe the data points,
especially in less dense areas. The previous
plot with an opacity of 0.0625 strikes a better
balance by reducing the effects of overplotting
while still maintaining sufficient visibility of the
data points across different concentration
levels

“comparison": [0]

*assessment’: The previous plot is better.
"reasoning": While the current plot with an
opacity of 0.046875 continues to mitigate
overplotting, it does so at the cost of making
data points less distinct, particularly in sparser
regions of the plot. The previous plot with an
opacity of 0.0625 offers a more optimal
visualization, retaining the clarity of individual
data points while sufficiently reducing the
overplotting effect.

“comparison’: [0]

*assessment’: The current plot is better.
"reasoning": The current plot with an opacity
of 0.0546875 slightly improves the visibility of
the data density and structure compared to
the previous plot with an opacity of 0.0625. It
offers a minimal reduction in overplotting
without losing much distinction of data points,
making it a better balance between visibility
and data separation.

"comparison": [1]

< Send  Rerun © Undo @ Clear

= AVA Scatterplot / Embedding

¥ Data

[SIXEEYST No file chosen Init agent

¥ Embedding controls:

Perplexity  Empeq Optimize Perplexity
30

Of course, I'm ready to assist. Please provide
the iniial pair of scatterplots to begin the
analysis.

"assessment": The current plot is better.
"reasoning": The plot with the reduced opacity
value (0.5) reveals more structural details of
the data, reducing overplotting and allowing a
clearer observation of the density variations
within the data points, which is not as evident
in the previous plot with opacity value 1.0
"comparison”: [1]

"assessment": The current plot is better.
“reasoning": The plot with opacity value 0.25
provides a clearer understanding of the data
distribution, as it further mitigates the
overplotting issue and allows denser regions
to be distinguished more easily from sparser
regions, compared to the previous plot with
opacity value 0.5

"comparison”: [1]

“assessment": The current plot is better.

"reasoning": By further reducing the opacity to

0.125, the plot improves in showing the
underlying structure and the density of the

data points, which helps in visualizing areas of

varying data concentrations, without the
denser areas becoming too opaque.
"comparison": [1]

“assessment": The current plot is better.
"reasoning": The plot with an opacity value of
0.0625 improves visibility compared to the
previous plot with an opacity value of 0.125,

as it reveals even finer density gradients
within the data while still avoiding overplotting.
“comparison”: [1]

"assessment": The previous plot is better.
“reasoning”: While the current plot with an
opacity value of 0.03125 can help to reduce
overplotting even further, it appears that the
data points are now too faint, which may risk
losing important structural information,
whereas the previous plot with an opacity
value of 0.0625 maintains a good balance
between visibility and data density
representation.

“comparison": [0]

"assessment": The current plot is better.
“reasoning": The slight decrease in opacity to
0.046875 from 0.0625 subtly refines the
distinction between dense and sparse areas
without causing the data points to be too faint,
thus maintaining the structural integrity and
improving data visibility.

"comparison": [1]

"assessment": The current plot is better.
"reasoning": The plot with an opacity value of
0.0390625 further clarifies the data's structural
details without significant loss of visibility, as it
helps to distinguish more subtle variations in
the data density.

"comparison™: [1]

< Send 2 Rerun © Undo

v Scatterplot controls

Figure 20: The response from the agent, applied on the OutSD
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