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Motivation

Task planning

Visual Analytics System Analyst
Large exploration space Have to plan and decompose tasks
Fixed Space Some new tasks/ideas cannot be

solved promptly



Framework

LLM Agent-based Task Planning and Execution for Visual Analytics

@ Task recommendation @ Task execution € Task decomposition

‘9* Set Select or GE Merge Interactive = a8 Examine and modify

data & goal Propose tasks visualizations exploration decomposition plan
Task - Subtask
Goal Visualization
Task Insight Subtask
Data modelin
Data = Subtask
Visual analytics Summarized
system insight
& Interpret Recommend Generate Report Evaluate Decompose
data tasks codes insight task task

Task decomposition: The goal-task—subtask progressive structure that helps users navigate a
large analytical space.

Malleable interface: generate visualization & insights based on user needs.



Framework

LLM Agent-based Task Planning and Execution for Visual Analytics

o +— €D Task recommendation —+ +— @ Task execution - + + @) Task decomposition —
re¢ Human roles:
* Goal setting o) Set Select or Merge Interactive Examine and modify
‘®  data & goal Propose tasks = | visualizations | exploration decomposition plan

* Visual perception

* Validation

ask Subtask
Goal Visualization
Task Insight Subtask
D i
B ata modeling Subtask
-] Agent roles Visual analytics Summarized
. Task planning system insight
* Data modeling
& Interpret Recommend Generate Report Evaluate Decompose

* Explanation

data tasks codes insight task task




Framework

iél Task planning and execution <+—p Pﬂ Refinement
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. Collaboration mode:

Autonomous planning +
human refinement

Method: Task dynamic
PIGMg Visualization, insight

Input: Goal, Dataset



Workflow: Agent-Based Task Planning

Task Recommendation Task Execution Task Decomposition
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Modeling

The definition of the task planning process

We define the task flow as a directed graph, where nodes represent tasks, edges represent the
relationships between tasks, and tasks are executed with the logic.

Task (Node):

. Task recommendation (Global setting)

- Task decomposition (Local setting)

o o o e

O Indicates a newly proposed
fask



Modeling

The definition of goal completion

We define fask progressfor visual analysis of the context, meaning:
(1) The user first needs to confirm whether the task should be executed; if confirmed
(2) The completion of this task depends on whether its subtasks are completed.

°® © @ O
A s ‘e

(1) When all tasks that the user expects to (2) Subtasks are executed according to the

be completed are done, the goal s decomposition plan; when all subtasks are

achieved. completed, the main task is considered
complete.

© The circle with a heart indicates a task the user expects fo execurte.



Modeling

Task recommendation

Goal: “Tell me about fuel efficiency”

/ \

Task 1: Identify the key factors affecting fuel Task 1: ldentify the key factors affecting fuel
efficiency, such as engine size, weight, and efficiency, such as engine size, weight, and
aerodynamics. aerodynamics.

Initial stage

« [nitially determine the daia variables e

related to the goadl
« Recommend different fask fypes

Based on historical analysis records
according to the goal and data y

« Propose new fasksaccording to the current
context and previous tasks
« Remind users of unexplored itasksthat need

to be revisited

(O The circles with a red outline represent newly
proposed [asks.
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messages over time to identify
any significant changes or

TGSK exeCUthn 1 import altair as alt trends.
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[1] Qu. Zening., and Jessica Hullman. "Keeping multiple views consistent: Constraints, validations, and eXéeptions in visualization
authoring." IEEE transactions on visualization and computer graphics 24, no. 1 (2017): 468-477.



Modeling

Task Decomposition
Goal: “Tell me about fuel efficiency”

/

Task 1: ldentify the key factors affecting fuel
efficiency, such as engine size, weight, and
aerodynamics.

and down / l N\

(parallel) [sequential) g s Analyze the  Subtask2: Analyze the correlation  Subtask3: Perform a linear
relationship between  coefficient between vehicle weight regression onolysw TQ
vehicle weight and and mpg. quantify the relationship.
mpg.

1. Task Completion Check

® Data coverage: Covers all relevant subsets

* |Insight complexity: Need advanced analysis (regression, clustering, etc.)
* Visualization: Try better ways to present insights

2. If incomplete - Decomposition Plan
* And: Multiple agents run in parallel
* Down: Single agent runs segquentially, using previous results as context

Logic:= “(Subtask1 AND Subtask2) DOWN Subtask3”



Interface

= TASK FLOW

Decisions @ )

My goal is to find high-risk 50

events in this city.

task

%

Visualization of

flow

Task 4 ot Task 11 ol
Temporal Analysis 0% 50%
Task 9 Task 14
Temporal Analysis 0% Spatial-Temporal
. 0%
Analysis
=" DATA TABLE Table Lens

# Autl Date Id

Latit Lon¢ Mes

Pola Tags Typ«

61 Frier 17:1. 122 terrc 0 ['POl mbd
62 Call' 17:1. 123 360 248 dist. 0 1] ccda
63 Clev 17:1! 127 what 0 ['POI mbd
64 POK 17:1. 128 also 0 [l mbd
65 Abil: 17:1: 129 pok -01 [Abi mbd
66 choc 17:1. 130 "drc O ['POl mbd
67 Call' 17:1; 131 360 248 alarr O [ ccda
68 POK 17:1. 132 musi 0.5 [] mbd
69 Frier 17:1. 133 anot 0 [ mbd
70 Call+ 17:1: ccda

Users steer the agent’ sreasoning via visualization, direct manipulation, and natural

134 36.0¢ 24.8' misd 0 (0

VISUALIZATION VIEW

2 Analyze the sentiment of A Y
messages over time to identify
any significant changes.

rerage Sentiment of Messages Over Time

type
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Time
Finding *.

There is a significant drop trend in
rolling average sentiment polarity under
mbdata, indicating potential high-risk
events. Specifically, these events were
identified around 19:20:00, with a
minimum rolling mean polarity observed
at approximately -0.0975.

11 Examine how the use of A
specific tags changes over
time every 10 mins

Tag Counts Every 10 Minutes

O5PM OBPM 07PM O08PM 09 PM
Time

Finding *.

The analysis of keyword within messages
reveals specific, recurrent topics of
interest among the communication

Grid @ )

3 Conduct a frequency analysis of .
keywords within the messages.

Top 20 Most Frequent Keywords in Me:
the

Keyword
3
83,
Cin
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Frequency
Finding “.
The 'fire!, ‘police’, '#abilapost’, ‘#pok’,
‘#kronostar' are frequently mentioned
keywords in this evening, which might
suggest some high-risk events in Abila.

5 Identify locations more prone %
to high-risk events by analyzing
their geographical distribution.

1ssages Geographical Distribution
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Finding *.

Among geotagged entries, there are 174
instances classified as ‘ccdata’.
Comparatively, ‘mbdata’ events, totaling

lanaAliaqae.

S Get Multi-view B+ Export Multi-view Code

4 Examine how the use of specific *.
tags changes over time.

Tag Counts Over Time
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Finding *.

The use of tags has evolved over time,
with different tags being prominent in
different years. In 2018, tag 'emergency’
was the most frequently used, while in
2019 it was 'dispatch’. The year 2020 saw
an increase in the use of tag 'call center'.

Direct
manipulation

15 Apply clustering analysis to A
identify spatial patterns of
high-risk events.

ng of High-Risk Events by Location and P
cluster

atural
Finding .

Clustering analysisl-req'jgsgt‘al G g e

patterns in high-risk event locations,
grouping areas based on geographic
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= CHAT VIEW :

eywords within the messages. ¥

Examine how the use of specific
tags changes over time.

Identify locations more prone to

high-risk events by analyzing their

geographical distribution.

< trend view added

.. Score: The score of the result for this
task is 8/10, I can further explore it.

i Explanation: High-risk events
identified but further analysis could
include more detailed data segmentation
and advanced statistical methods for
deeper insights.

@ Task Decomposition

o Apply data segmentation to analyze
sentiment fluctuations before and
AND

o Utilize statistical methods to
identify patterns in sentiment data
AND

o Implement advanced statistical
techniques for trend analysis and

Run Deny

Task Describe your questions of the

P [P T— S




Interface

Spatial analysis -> Cluster analysis + hot spot detection analysis

Insight gallery

5 Identify locations more prone
to high-risk events by analyzing
their geographical distribution.

A 15 Apply clustering analysis to A Y 16
identify spatial patterns of
high-risk events.

Utilize hotspot detection AN
methods to pinpoint areas
with the highest concentration

Grid @ ) of risk events.

il VISUALIZATION VIEW 8 Get Multi-view B+ Export Multi-view Code
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There is a significant drop trend in
rolling average sentiment polarity under
mbdata, indicating potential high-risk
events. Specifically, these events were
identified around 19:20:00, with a
minimum rolling mean polarity observed
at approximately -0.0975.

11 Examine how the use of ¥
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time every 10 mins
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Finding .

The 'fire', ‘police’, '#abilapost’, ‘#pok’,
“#kronostar' are frequently mentioned
keywords in this evening, which might
suggest some high-risk events in Abila.

5 Identify locations more prone %
to high-risk events by analyzing
their geographical distribution.

:ssages Geographical Distribution

type
@ ccdata
© mbdata

Finding %

Among geotagged entries, there are 174
instances classified as ‘ccdata’.
Comparatively, ‘mbdata’ events, totaling
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Finding .

The use of tags has evolved over time,
with different tags being prominent in
different years. In 2018, tag 'emergency’
was the most frequently used, while in
2019 it was 'dispatch’. The year 2020 saw
an increase in the use of tag 'call center".

15 Apply clustering analysis to
identify spatial patterns of
high-risk events.

ng of High-Risk Events by Location and P

Finding *.

Clustering analysis reveals spatial
patterns in high-risk event locations,
grouping areas based on geoaraphic

~ Breadth

_ _Comparatively. 'mhdata’ events_tatalino _ _ _ _ _ aroupina areas_hased on aenaranhic.

2,6,5 Analyze the sentiment of messages over time to identify any significant changes.,Examine how the use of specific tags changes over time

Multi-link view

24 86) and (36.05 24.90) have

2 T
s § and Finding %, Finding %
g 0.0+ ¥ #ab}lar%? _ Among geotagged entries, there are 174 Clustering analysis reveals spatial Finding %
Bk = 2024 instances classified as 'ccdata’. patterns in high-risk event locations, Areas around the coordinates (36.06,
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Multi-linked Views

every 10 mins ,Identify locations more prone to high-risk events by analyzing their geographical distribution.
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A Case Study Demo

Usage Scenario - VAST Challenge 2021 - Mini-Challenge 3

- Background: On January 23, 2014, multiple events unfolded in Abila.

- Data: Social media messages with sentiment scores and locations




Discussion

Findings from the expert studies

* LightVA shortens the process of system development and - Task -

analysis that originally took about 30 days to just 2-3 hours, /S \
expanding the depth and breadth of exploration. User Subtask 1 Subtask  Agent
* Compared with end-to-end agent-based data analysis, VA system

progressive task co-planning help enhance user engagement.

Open questions
Towards mixed-initiative collaboration, not only tool, but also partners:

* Visualization (perception & interaction) can serve as medium a that benefits customization,
validation, and explanation of planning process.

* Building the task graph from different domain VA as knowledge base, more adaptive task
planning

®* Rethinking evaluation — beyond task accuracy toward collaborative performance (insight
discovery ratio)
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More details in our paper
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