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Problem Statement

Given a table Recommend how to visualize the data
) . - Rule-based approaches
N Math S Physics S . . - .
a.me o SEOTE | TTYRIES ROt Bar Charts Box Plots Heatmaps « An explicit and manual list of rules and heuristics by expert judgment.
Alice 90 84 Knowledge Graph 100 100 | 3g 0 M veer I B « Difficult and tedious to compile a complete rule list.
Bob 75 80 50 II “ II 50 Physics I * Rules may not be generalizable to different datasets or visualization choices.
. 0 0
Bil 92 95 Alice Bob Bil ]| Alice Bob Bl || Alice Bob Bil . .
) - . Machine-learning-based approaches
Histograms Line Charts Scatter Plots . . . o
, o * Train a deep learning model to learn from dataset-visualization examples.
Generate Visualization Rules 100 _ 100 ¢ o4 ® Do not need to manually specify the rules.
Entropy of values is large — Box Plot - >0 * Work as a black box, difficult to tell why such visualization is recommended.
0 . . . .
Values are monotonic — Line Chart \ 75, 98] ) Alice Bob Bill | Alice Bob Bill * Users may not trust in the recommended visualizations.

Overall Workflow and Details

Step 1
Feature Extraction

Step 2
Knowledge Graph Construction

Step 3
Embedding Learning

Step 4
Embedding-based Inference

Continuous Features TransE

Feature Name Explanation Bar Values in a column is not sorted ]
Values | num-unique_elements | This feature counts the number of unique X 0_10.01 0.9610.98| 1 h ed ' d .
e HECANEE | == ; q y |-0.28[041 20.32]-0.02[ 1.12 Each edge Is represented as Box Values are not evenly distributed J
values.
sortedness T:lis feature measures the how sorted the 3 . . (head entity, felation, Eall entlty) Line |The column is not the only onein dataset]
values are. 5 . . L A .'. ., Ve . . . .
G outliers_15iqr These features measure the s -.-": :,.'. ...-' s e _'.-_.';"' . o e : "l le. a trlplet for short [ Scatter Values in a column are numerical ]
G outliers_3igr proportion of outliers according .: A V0T '}_":‘""‘;' DAL -:‘.".'. ','l,-. (. Outli ists i | 3Std
% _outliers_3std to 1.SIQR/3IQR/3Std/(1%, 99%) I (ORI OIS Lo e .H'StogramJ utlier exists in a column (35td) ]
% _outliers_1_99 rule. I R P e AT TR S A L P Data type:
e _— o L] .' ° ® [ ’ [ '. L4 L [ . . h _________ yp o
unique_percent This feature measures the proportion of -2 % ¢ . ey ' * - ° itati . . .
unique values in a data column, _3 ': -. * ‘ Quantltatlve Data Featu re —» Vlsual De5|gn ChOlce
entropy These features measure how 4 .
gini disordered the values are. 0 0.2 0.4 0.6 0.8 1 F feat
normality_p These features reflect how much [ ---mo-mmmeee e Feature of or a feature fl !
normality _statistic the values are distributed normally. D ataset- Vi sua | iZ atl on p a | rs N _ ,
normalized_range These features reflect the range L ) f i + r; = dim
range of values in a data column. . . )
25 where 7; is a relation connecting to f;
q75 t Column x
it ‘ Data Column -
normalized_median

din represents an imaginary data column

normalized_mean These features are some basic Construct Entities Categorical Features

max_length_of_value | length of values in a data column.

ters in the column name.

Evaluation Setup

Visualization Corpus

* VisML corpus _ o . [ Scatter | Values in a column are numerical | Task 1
* 88,548 dataset-visualization pairs Provided top-5 rules of each visualization type.
[ Scatt ) Outlier exists in a column (1.510R Give each generated rule a score ranging from 1 (the
About Knowledge Graph ———— (1.51QR) J least reasonable) to 5 (the most reasonable).
1,000  Box | Valuesare notevenly distributed | Feedbacks
2;-6,851 9,679,463 Embedding y 4 J Overall, the generated rules are appreciated by experts.
ntities Triplets . :
P Dimension f ) : ) - 2
Box The entropy of values is large
. . / Task 2

min statistical measurements of . o .
max a data column. (Nodes in KG) | [ Continuous Features Each edge with two entities and a relation
me . . Relation maps data to a vector v;
median Visualization Design has a corresponding embedding vector: target MAp ¢
length N e SN N
mode_percent This feature measures the proportion of (h’ ?’ t) dim + rtarget = V¢
mode values in a data column. - \ 4 -
e Plemanls | oG i WiIien e Entities from column x Mean of Train the embeddings to achieve:
B e proporvtlono Values: in the 7 7 Given f for each visual choice v
missing values in a data column, p-th interval h + 1—,.’ ~t L n
mean_value_length They measure the length of mean/ | Type: Scatter I - : S : .
median_value_length | median values in a data column, Gr— define a score indicating how much v, is preferred
7 - = ata type:
min_length_of_value | They measure the minimum/ [ ] [ i vy ] = — .
std_length_of_value standard deviation/maximum Column x | [Position: X-axis | QBT J D r 9fi-v, = _”fi +r; + rtarget - vn”

Names | #_of_words_in_name | This feature measures how many words Entities from column y \Qﬁ+ r—tl| A

in the column name. Number of ”

name_length This feature measures the length of the Values: in the
column name. g-th interval

- Type: Scatter

#_uppercase_char This feature measures how many upper
case in the column name. Qutlier:

field_name_length This feature measures how many charac- [ Column Y] [POSitiO n: Y'aXiS] 1.51QR

Score for a relation (h,r,t)
Categorical Features _ ghrt)=—|h+7 —§
Feature Name Explanation Construct|Relations 2
Types | specificstring Edages|in KG 2 o > C
specific_integer The specific data type of this data column ( 9 ) When h+ 7 iscloserto t , SCOre IS h|gher
specific_decimal is string/integer/decimal/datetime.
specific_datetime Data Data Visual
generjli_teITlp?:'atlj The general data type of this data column Column Column Design Original Transk Loss FunCtion for
zzz:;;llf:;;;(lﬁal\fe is temporal/quantitative/categorial. (Feature) (Data Column) Training Embedd|ngs
‘ =
Values Flas_none ‘ The data column coTnajns missing value. is a data feature of IS visuaIIy encoded with
- s (Data Column) (Visualization Design) L= ReLU(y + g(h',7,t") — g(h,1,1))
is_lin_space Values are in linear space. . . .
is_log_space Values are in log space. (h,r,t)ES (h'r, t")es’ NeW Data - Vlsual DeS|gn ChOlce
is_unique All values are unique. v
is_sorted All values are sorted. ( ) TransE-adv (Wlth Self-adversarial Negative Given a new data dnew ,
has_outliers_15iqr Mean of S li L F t f Traini
has_out]iers_f%iqr Otlt]ie.rfxistscaccording to 1.5IQR/3IQR/ Values: in the r_\ amp Ing) 0SS UnC- Ion Tor Iraining extract a” ItS featu res Fnew
Eas_outilers_::s;cl) 3Std/(1%, 99%) rule. p-th interval Position: Embeddlngs
v - e 5 . .
b OuTen. - _ y ‘ X-axis For each visual choice v, ,
is_normal_1 Values are normally distributed . \ —_— L = —1 h
| . Col ogo(y +g(h,7,1)
is_normal_5 with p < 0.01/p < 0.05. Number of olumn x . C . . .
L : define a score indicating which v, is recommended
is_only_field The data column is the only one within the Values: in the ) _ W(h’ r t’)loga(—g (h’ r t’) — ]/) 9 n
dataset. g-th interval Type: T T
Names | Ist_uppercase The column name starts with an upper case. N g Scatter (h',r, t")es’ g ( d v ) _ 1 Z g
< in_n: [ ) —— ) - fi~vn
AR, DA Data type: newe | Frew|
y-in_name L _ fi€EF,
id_in_name | Quantitative — y: Margin parameter, y > 0 L
time_in_name K il sombcl 08 LR p < Position: . . : _ -1 = - — —
digit_in_name i ppagieel K i bk et Outlier: Y-axis S: Triplets (h,7,t) in the graph ~1E ”fl T 7+ Trarget — vn”
S— digit, whitespace, “S”,“€”, “£", “Y | newl )
:o]l]aisri):b:;r::mme is in the column name. L 1.51QR ) S’ Generated negative tl’ip'GtS (h’; r, t,) Ji€Fnew
pounds_in_name . i i i . . . . . . .
eusodnzname Knowledge Graph o Sigmoid function Visualization choice v, with a higher score is better
. \ J : . :
yenan-ame w:  The triplet's probability of being true
g J g J g g J

Qualitative Evaluation

Rules and recommendation results — Case study

Tasks of Expert Interviews

( )

Provided 30 datasets and corresponding top-2 recom-

. . . | Line Values are monotonic ) mended visualizations by our approach.
Quantltatlve Evalu atIOn Give each recommended visualization a score ranging
f Line The data type of a column is decimal from 1 (the least reasonable) to 5 (the most reasonable).
Two Inference Tasks ‘ ’ Feedbacks
« Inference of visualization types o :The column is not the only one in datasetj \ Average score is 3.7944, thought to be of high quality. )
* Inference of visualization axis ( )
: : : [ Bar All values in a column are unique ) : Task 3
Try different embeddlng Iearnlng models . - g i Provided 30 datasets, ask the experts to select top-2
; : . - - - w “ visualization types, for collecting their preferred design
Axis Visualization Type Bar Values in a column is not sorted ’ choices.
Accuracy MR Hits @2 “
TransE-adv ~ 0.7350 1.9567  0.7489 Participants and Procedure of Expert Interviews i Acknowledgment: o
TransE 07214 19718 07445 _ _ _ _ This poster is originally made by Mr. Yuzheng Cai for :
: : : * 12 researchers who have conducted research in data visualization for at least 1 year. i course "Data Visualization: Application and Implem- :
RotatE 0.7193 1.9608 0.7458 .

Experts were asked to finish the three tasks through online meetings

: entation” instructed by Dr. Siming Chen, Fudan University,
: October 2021. :



