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Motivation

2 Are there any challenges when conducting visual analytics?

vy peaceful cancina
arrested end

?,. | >
s 0
, ‘.
o e, Y 220 )
- - . ) . v |
'S @ 2 s et N@me rl re
' ? 2 control |
g Gk‘ NS dalphin Staﬂd police
a o B

‘ PO Faby e

o stil| SUSpect

An example system from VAST Challenge 2021 MC3
1. Onboarding stage:

Users may encounter challenges with complex systems, particularly when they are unfamiliar with visualization

and interaction design principles.



Motivation

2 Are there any challenges when conducting visual analytics?
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2. Exploration stage:

A lot of information needs to be observed and processed, resulting in low exploration efficiency



Motivation

2 Are there any challenges when conducting visual analytics?
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3. Summary stage:

To summarize the exploration results, users need to take notes and screenshots manually.



Motivation

Where to enhance User’s VA workflow?
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Motivation

Why integrate LLMs into the VA pipeline?

Intelligent VA requires the assistant:

Generate tutorials for VA system

l

Recommend tasks and
analyze data

l

Summarize exploration results
and generate reports

Mixed-initiative Automatic

Visualization Understanding e Summary

Q0 @

Onboarding Exploration Summarization

%
;;; Data mp Visualization = Insight - > Report
% £ | Metainformation 5 4
g = Data description -
-7:;: Visual mapping Interaction ¢m Hypothesis g::zg rr:sullttss
g- Interaction types
Capabilities the model should have:
Understand the design of VA
. Why use LLM?
system
l The LLM, as a model with generalized
Write code, or use tools to capabilities, can support these tasks while
analyze data | avoiding the cost for specific model
l training and splicing.

Story summarization, slides
generation (e.g. LaTeX)



LEVA Pipeline

How we integrate LLMs into the VA pipeline?

Onboarding

Start onboarding from
Chat view -

Define specification of a VA
system -

class SystemSpec {

}

systemInfo: {
systemName: string
viewNumber: number
]

viswsInfo: {
viewStyleInfo: ViewStylelnfol)
viewCoordinationInfo: ViewCoordinaticnlnfol]

)

Learning the usage of VA guided by the
interactive tour guide
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Integrate tutarial within VA
system

System

View composition

Single view
Style and data
mapping
Multiple views

Coordination and
Interactions

Interpret specification to generate onboarding tutorial of VA system

Exploration
w) Adoptrecommendations wp Validate the hypothesis
L Gain insight through - -

-

-

Q&A in Chat view

System and interaction
data management

Integrate insight with
annotations

Insights recommendation strategy

o= Choose insight types related to user’s task
l= ldentify individual view insights

2§ |dentify cross-view insights

ole Assess insights to help users form hypothesis

2. Recommend insights in the loop

Insight calculation and

Insight type selection - avalGation

Summarization

mp Retrace historical insights

L Select desired insights

Insight storage and

= visualization

Report Summarization
« Summarize logical
relationships of insights

b Split for as paginated
presentation

g Present abstract and
conclusion

Summarize insights into
report

-

- Review and export
reports
-) Update Report

Report Generation

¢f» Write the reportin
LaTeX code format

g Insert screenshot to
each page of report

Configure the format
for the report

- Generate LaTeX Codes



An Example
The system is from a winning entry of VAST Challenge 2021 - Mini-Challenge 3
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LLM-Enhanced VA System Interface
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You have selected a time

pericd: 19:35-19:43, during which there
are 270 messages. e

Y e e v i receive user’s questions and update LLMs’ feedback

regions?

Summary added.

Which messages are related to these
events?

Related messages found

Which nodes are related to these
events?

Related nodes found.

You added a keyword van into events list,

e Which events related to this keyword?

5!»:"',- added ta timeline.



LLM-Enhanced VA System Interface
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LLM-Enhanced VA System Interface
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Graph
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Insight 3. Detailled Messages

@ Several messages related to the incidents were identified
& For the Gelatogalore Shooting Incident, messages indicated a police

pursuit, 3 gunfight, and a police officer being shot ®
e For the Biker Henri Incident, messages showed that Henri was upset
about his beke being camaged but was cheered up by a coffee
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Methods

Onboarding tutorial generation

Propose a grammar of VA system

VA system

—

1
5
<
5
b
/
8

9
10
11
12 }

generate a HTML style tutorial

LLM

QD @

LLM-enhanced Visual Analytics
Workflow

Visualization Understanding

Onboarding

Data = Visualization

Meta-information 1t
Data description
Visual mapping

Interaction types

Interaction

»

(m

Mixed-initiative Automatic

Guidance Summary
Exploration Summarization
Insight Discovery
Insight - » Report
: 2
Hypothesis Desired results

Correct results

Hypothesis Formulation and Validation

—

Grammar: system info, view style info, view coordination info

systemInfo: {
systemName:
viewNumber:

}

/*% Style and coordination between views

viewsInfo: {

viewStyleInfo: ViewStyleInfol[]
viewCoordinationInfo: ViewCoordinationInfol]

h

class SystemSpec {
/*% 1lnformation about the overall system *

string
number

/

/.
f

f
f

w /

1
2
3
4
T 1
6

Qo

9
10

12
13
14
15
16
17
18
19
20
21
22 }

class EncodingInfo {

field: string;
type: string;

description: string;

ViaThliculsS.. ouLlliily

class ViewStyleInfo {

Add an interactive tutorial using Driver.js

VA system

/*% Information about styles of multiple encodings */

layers: {
markType: string
encoding: {

x7: EncodingInfol[];
y?: EncodingInfo[];

color?: EncodingInfo[];
size?: EncodingInfo[];
/** Detail level data field */

lod?: EncodingInfol[];

I

12

‘%% Display prompt information for mouse hover.*/
tooltip?: EncodingInfol[];

class ViewCoordinationInfo {

sourceViewName: string
targetViewName: string | string[]

rF A
Jww
f

i’

Coordination type */

coaordinationType: string
interaction: {

/** Type of interaction *;

type: string

f

/%% Interaction’s effect on target */

effect?: {

/** Action type */

action: string
targetViewName:

/** Data category for action */

string

category: string

/*% Control the

result */

changeby: string

f



Visualization Understanding Mnxed.-lmtlatlve Automatic
Guidance Summary
B Onboarding Exploration Summarization
Understanding Perception Insight Discovery  Selective Reporting

Data = Visualization = Insight

Methods

Onboarding tutorial generation: demo

Meta-information 1 ‘
Data description
Visual mapping Interaction 4m  Hypothesis

Interaction types

LLM-enhanced Visual Analytics
Workflow

Hypothesis Formulation and Validation

T CHAT VIEW @ @ th ORIGINAIL SYSTEM VIEW
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Methods

Insight recommendation (mixed-initiative process)

User

Ask questions

Interact with views

—

VA system

Capture Interaction object
and updated data from each view

VA system
Parse insights to
annotations

1. Insight type list

LLM

1. Insight type selection

2. Structured insights

Insight type Description

Outstanding No.]
Outstanding Top 2
Outstanding Last
Attribution
Change Point

The leading value is significantly higher than all the remaining values.

The leading two values arce significantly higher than all the remaining values.

The value is remarkably lower than all the remaining values.

The leading value dominates (accounting for > 50%) the group.

A specific point in time where there is a significant change or shift in the underlying data-generating process.

Outlier An observation or data point that significantly deviates from the rest of the data.

Seasonality A regular and predictable pattern of fluctuations or variations that occur at specific intervals of time.

Trend A time series has an obvious trend (increase or decrease) with a certain turbulence level (steadily/ with turbulence).
Correlation The statistical relationships between random variables, multidimensional data or time series.

Difference The similarity or difference between two or more datasets

Aggregation The descriptive statistical indicators (e.g., average, sum, count, etc.) based on the data attributes.

Value The the exact value of data attribute(s) under specific criteria.

Text summary
Important nodes or links

The core ideas of a text dataset. The summary might have spatial or temporal features.
The important nodes or links in a graph under specific criteria.

Important text or keywords  The important original texts or keywords under specific criteria.

14

Propose
questions

——

T . Mixed-initiative Automatic
@ Visualization Understanding -
Guidance Summary
B Onboarding Exploration Summarization
-g. Insight Discovery Selective Reporting
E
Tz Data mp Visualization Insight o s Report
wn O
22
T % Meta-information 1t ‘ Cripant
rierq
§ 2 Data description D‘ B
< Visual mapping Interaction Hypothesis Ces”ect resultts
é‘-’ Interaction types OFFEELTesiLS
-
pu |

Hypothesis Formulation and Validation

2. Calculate insights

Gelatogalore Shooting Inciden

Biker Henri Incident @

| Tool
You have selected a time

period:19:09-19:18, during which there USi ng
are 108 messages.

———

What are the main events in high-risk

J

regions?

You have selected a time

period:19:35-19:43, during which theree

are 270 messages.

o What are the main events in high-risk

regions?

Summary added.

Which messages are related to these
events?

Related messages found.

Which nodes are related to these
avents?

Related nodes found.

You added a keyword van into events list.

e Which events related to this keyward?

Story added to timeline.

"functions": [

{
"name": "get_change_point",
"description”: "Get the change point in a time series
dataset”
|
"name": "get_seasonality”,
"description”: "Get the seasonality in a time series
dataset”
|
"name": "get_trend",
"description”: "Get the trend in a time series dataset
3

"name": "get_outlier",
"description”: "Get outliers in a dataset",
3 q
"name": "get_correlation”,
"description”: "Get the correlation of two time series

datasets"
Return
structured
insights
NS »

BIKER HENRI :_'
I INCIDENT el
1 2 C_ ;



Methods

Insight recommendation: demo

Let's start exploring!

Your zzsk is to find public events and assess
the impact of those events on public safety.

CHAT VIEW ®

il ORIGINAL SYSTEM VIEW
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Visualization Understanding

Mixed-initiative

Guidance
Onboarding Exploration
Understanding Perception Insight Discovery

LLM-enhanced Visual Analytics
Workflow

Data = Visualization W ‘ Insight

Meta-information
Data description
Visual mapping
Interaction types

) 4

Interaction r Hypothesis

Hypothesis Formulation and Validation

Automatic
Summary

Summarization
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Visualize analysis history in a stream

graph

—~——

-

Methods

Report generation

VA system
Log interaction and insights

slep =

=

—>

Specific Time Period of Interest

@ During the evening, a specific time period between 19:34 to 19:43
surfaced as particularly significant.

Call Center: VEHICLE
ACCIDENT - REPORT

oth: When in
|

a
4 _|n #AbilaRost nre

#AFD
#POKRally

Risk Event Analysis for Abila City January 23, 2014 2/9

Graph-based Representation

@ Nodes associated with two primary incidents.

@ Hashtags and entities linked to each event.

o ?® .
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INCIDENT
van guys
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User
Select desired logs

Major Risk Events

@ Shooting incident at Gelatogalore
e Confrontation between a black van and the police.
e Resulted in a police officer's death.
@ Vehicular incident involving Biker Henri
o Biker Henri was hit.
e Later consoled with a coffee at a local shop.

@ Important Location
GELATOGALORE
SHOOTING
INCIDENT
Sho
invc

cident

BIKER HENRI
INCIDENT

Biker
Sand

Risk Event Analysis for Abila City January 23, 2014 3/9

Keyword Analysis
@ Keywords associated with Gelatogalore Shooting Incident:
e 'shot’, 'police’, 'gelato’, 'gelatogalore’, 'van’, 'cop’

o Keywords linked with Biker Henri Incident:
e 'hit', 'run’, 'coffee’, 'park’, 'driver’

gelatogalore hit
police run
van ¢..COP

ShOt gelato

driver
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Visualization Understanding M|xed.-|n|t|at|ve
Guidance

B Onboarding Exploration
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T3 Data = Visualization =y Insight

229
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3 "E Meta-information f ‘

§ s Data description

< Visual mapping Interaction ¢ Hypothesis

;-’ Interaction types

o |

-

LLM

—»| Summarize and generate LaTeX
slides

Messages Analysis

@ Real-time reactions from the public on the incidents.
o Considerable sympathy and concern for Biker Henri.

@ Chaos and fear during the Gelatogalore Shooting Incident.

trapanitweets: Henri -bike
guy- done talking to coppers
now looking at his trashed

bike . o

rewve 1served: Going to
give the biker a coffee ! | He
's Bean Served !

trapanitweets: | think he 's ?
crying
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Conclusion

@ The evening was fraught with tension, characterized by two major risk
events.

@ Data-driven insights derived from analyses highlight the sequence,
nature, and public sentiment of the events.

@ Provides a foundation for future investigations and response
strategies.
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How to implement LEVA into your own system?

The implementation requirement of our framework includes two parts:

1. Extensions of the original VA system

=p configuration files and data handlers to process user selections and LLM outputs

LLM-powered components

Generate tutorial

2. LLM_powe red COmpOnentS LEVA’s implementation requirement
Original VA system extensions
=p Prompt handlers and presentation modules for showcasing outputs across Specification
the original system view and three new views (chat view, report view, Add tutorial

stream VIEW) Get selection data

Analysis task
The new capability for end-users after enhancement: —
Add annotation

3. User interactions on the enhanced interface

Apply annotation filter

mp Onboarding <- interactively learn VA system

Configuration files Data handlers
Original system view

Exploring <- Ask questions, be perceived, gain insight Prompt handler £ Presentation module

Chat view || Report view = Stream view

Summarizing <- gain automatically generated reports
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Select insight types
Display questions
Calculate insights

Assess insights
Display answers

Display annotation filters

Display analytical history
Generate report

Display report

New capability for end-user

User interaction
Onboarding

Onboard with tutorial

Exploration

Select a question

Ask a question

- Obtain annotated insights

Control annotatians
Summarization

Selective reporting

Obtain summary report
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Future work

Extend and generate the grammar of VA systems to facilitate LLM’s understanding
® A more unified grammar can be designed to describes modules of data, visualization,
interaction and models of a VA system.

n Bring domain knowledge for LLMs to solve specific tasks
@:’ ® Knowledge integration by tool learning, RAG and Fine-tuning, to bridge the gap between VA

8&8 and end-users.

Consider the relations between LLM-agents and Human
O/ e e s . .
J 9 ® Support mixed-initiative, not only human-guide or agent-guide
@FZ e Theinteraction modality could be diverse.

/@\ Mitigate concerns when using LLMs
@4:?‘\0 ® The transparency, explainability, understandability, provenance etc
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Data m Visualization = Insight - > Report
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o Criteria
Dty deseription Desired results
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Interaction types

LLM-enhanced Visual Analytics
Workflow

Hypothesis Formulation and Validation

LEVA: Using Large Language Models to

Enhance Visual Analytics

Enhance visual analytics in three stages:

aniveRsIT O WARWICK , , L
OXFORD onboarding, exploration and summarization.

19



