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Abstract

The family tree is one of the key elements of humanities classics research and is very important for accurately understanding

people or families. In this paper, we introduce a method for automatically generating a family tree using information on

interpersonal relationships (IIPR) from the Korean Classics Database (KCDB) and visualize interpersonal searches within a

family tree using data-driven document JavaScript (d3.js). To date, researchers of humanities classics have wasted considerable

time manually drawing family trees to understand people’s influence relationships. An automatic family tree builder analyzes a

database that visually expresses the desired family tree. Because a family tree contains a large amount of data, we analyze the

performance and bottlenecks according to the amount of data for visualization and propose an optimal way to construct a family

tree. To this end, we create an n-ary tree with fake data, visualize it, and analyze its performance using simulation results.

Index Terms: Family Tree, Data Visualization, n-ary Tree Search, n-ary Tree Visualization, Digital Humanities

I. INTRODUCTION

In the study of the humanities, family trees are important

for understanding the influence of relationships between

individuals. Complex content, such as family, friendship,

marital, and teacher-disciple relationships, can be visualized

and understood in the form of a graph [1-3] or network dia-

grams [1,2,4] with loops. As the number of children is not

specified, a family tree can be constructed and visualized as

an n-ary tree [5]. Various humanities information is included

in the information on interpersonal relationships (IIPR) [6]

from the Korean Classics Database (KCDB) [7], and among

them, 67K historic persons with clear sources and over 200K

relational information are provided in the form of web ser-

vices [6,7].

In this study, a database was built by crawling the IIPR

data contained in the KCDB. After searching for a person

using this database, a family tree of that person is automati-

cally drawn. To accomplish this, we find the top parent of

the search person, construct an n-ary tree with children from

the root, and visualize it using d3.js [8].

Although there are hundreds of thousands of pieces of data

on a family tree of a single family, the data of the IIPR in the

KCDB are centered on the characters in the collection of

books. For example, in the royal family tree of the Joseon

dynasty, only thousands of people are registered in the data-

base; therefore, a family tree was drawn. In addition, it is

possible to intuitively understand the relationship by visually

expressing the relationship between two pieces of personal

data searched within the family tree.

To effectively visualize an entire family tree spanning

more than hundreds of years, we calculate the time complex-

ity using algorithms. We measure the performance according

to the amount of data by dividing it by function and identify

points where the bottleneck occurs. We analyzed the visual-

ization performance of n-ary trees by automatically generat-

ing fake data similar to the real data for large-scale tree

simulations. The simulation results reveal fewer than 10K

nodes should be used when visualizing family trees. This is

one of the recent attempts to interpret the humanities in a
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new way by using computers in the field of digital human-

ities to determine hidden meanings [9,10] that could not be

found with existing methods.

II. Related Works

A. Metro Map Tree

Traditional trees, including family trees, are familiar to

users; however, when the amount of data increases, it is dif-

ficult to express it on a screen. To solve this problem, a

metro tree map [11] is used to utilize space where the tree is

drawn.

An example of all twelve possible types of links and com-

binations of links used in the metro tree map is illustrated in

Fig. 1. This method was inspired by the London Under-

ground (Metro) Map and makes excellent use of the empty

space near the root of a traditional tree. In this study, only

the experimental results of hundreds of people were pre-

sented; therefore, it is difficult to confirm the data of thou-

sands or more, and there is a significant difference in the

form of the traditional family tree.

In addition to this metro family tree, there have been stud-

ies on space utilization using stacked tree visualization [12];

however, there are difficulties in understanding traditional

family trees and relationships.

B. Traditional Layered Tree

The traditional layered tree is used not only in family

trees, but also in tree data structure expression. A layered

tree is often used to express family trees in a Confusion cul-

ture by starting from the root at the top and drawing the chil-

dren below. A representative web service of this type is the

Joseon Dynasty Royal Family genealogy [13] of the Central

Research Institute of Korean Studies. In this service, users

can check the original images of the genealogy and the royal

family tree.

One of the early branches of the family tree is illustrated

in Fig. 2. Because there are tens of thousands of person data

points in the entire family tree, it cannot show all tree nodes.

According to the user’s mouse-click event, asynchronous

JavaScript and XML (AJAX) data are received, and then tree

nodes are added. This method has a disadvantage in that it is

difficult to display the entire family tree and to understand

the relationship between people because it requires too much

space when displaying tens of thousands of data points on a

screen.

III. DATA PROCESSING

A. Preparing Data

The procedure for generating a family tree in a database is

conceptually represented in Fig. 3. The process of creating a

family tree using a newly constructed database by crawling

the IIPR in KCDB consists of four major steps. First, start-

ing from the retrieved data S desired by the user, iteratively

find the parent to find the root R. Second, it constructs an n-

ary tree by recursively finding child nodes with the found R

as the root. Third, creating a JavaScript Object Notation

(JSON) file for tree visualization. Fourth, load a generated

JSON file and visualize [14] family tree with d3.js.

Fig. 1. (left) All 12 possible links and (right) examples of these combinations

[11].

Fig. 2. Example of a Joseon Dynasty Royal Family tree.

Fig. 3. Conceptual diagram of finding the top-level parent in a database and
constructing the entire pedigree tree from the root.
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Algorithm 1 expresses the first three steps of the four steps

in preparing data with PHP in pseudo code.

B. n-ary Tree Visualization

A partial view of the tree created with d3.js of the Song

Si-yeol, a Confucian scholar in the late Joseon dynasty, fam-

ily tree by loading the JSON file created in Step 3 above, is

presented in Fig. 4.

The part marked with ① in Fig. 4 indicates collapse sub-

tree by clicking on the large, scaled tree node. Users can

expand or collapse any subtrees they want.

C. Tree Shapes

Generally, a tree or pedigree is vertical, with parents at the

top and children at the bottom. As the generation or depth of

the tree increases, the number of nodes increases, and the

interval between leaf nodes becomes narrower. In addition,

the problem of overlapping texts of node data with horizon-

tal writing in English or Korean is worse than that with ver-

tical writing. Owing to the vertical writing of Chinese

characters used in genealogy in the past, the family tree was

expressed in a vertical form.

The overlapping of letters in the vertical tree is presented

in Fig. 5. Compared with Fig. 4, when expressing a family

tree, the horizontal type is preferable to the vertical type.

Fig. 6 presents an enlarged view of the middle subtree of

Fig. 5 after removing the overlapping phenomenon by adjust-

ing spacing between nodes. A much larger space is needed to

express an entire family tree.

If we create a family tree using d3.js, a web-based JavaS-

cript library, we can easily register and process events for

each node. Users can check detailed information by hovering

the mouse over the nodes, and the  icon next to the name

in Fig. 6 indicates that there is additional information such

as wife, son-in-law, adopted son, and so on.

Algorithm 1. Generating n-ary tree from database and generate JSON

file for visualization with PHP

Fig. 4. Auto generated family tree of the Song Si-yeol family.

Fig. 5. Text overlapping phenomenon in vertical tree due to horizontal
writing in English.

Fig. 6. Result of removing overlapping text by moving the node spacing
away.
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In traditional trees, straight lines connect nodes. In d3.js,

the diagonal shapes can be expressed in various shapes, such

as straight lines and curves, as illustrated in Fig. 7.

D. Visualization of Interpersonal Relationship

It helps to find a person in a pedigree with a large amount

of data, or to understand the relationship between two peo-

ple. The number of hop counts in a Korean family tree is the

simplest way to understand the influence relationship

between two people. The fewer links between people in the

family tree, the closer the relationship. For example, a par-

ent-child has one hop (link), and a sibling requires two hops.

The relationship between a person and their cousin has four

hops: person - father - grandfather - uncle (father’s brother) -

cousin. A relationship connected by four hops in an n-ary

family tree is called a 4-Chon ( 寸 , hops). Hence, the fewer

hops in the family tree, the closer relationship.

An example of a visual representation of the relationship

between two people is presented in Fig. 8. The larger the

amount of data, the greater the visualization effect. As

shown in Fig. 8, SongSiYeong is a cousin of SongSiYeol.

Because there are four hops between SongSiYeong and

SongSiYeol, this relationship is referred to as 4-Chon.

A three-step process to visualize relationship is as follows.

1) Step 1: Finding Node

Starting from the root node, it iteratively traverses the tree

until it finds the source or destination node.

Algorithm 2 uses the “who” parameter to distinguish

between source and destination, and the maximum search

time for source and destination search in an n-ary tree is

O(N) where the number of nodes is N, respectively.

2) Step 2: Finding Common Parent of Source and 

Target Nodes

In a tree implementing family tree, only the parent of the

root node is null, and all other nodes have one parent infor-

mation. Assume that the paths from the root to the source

and destination nodes found in Step 1 are as follows.

Path to Source: Root - A - B - C - D - Src

Path to Destination: Root - A - B - E - F - G - Dst

In this case, finding the common ancestor B, Src - D - C -

B - E - F - G - Dst becomes the shortest path.

Algorithm 3 describes the process for determining the best

common ancestor and calculating the shortest path. The time

complexity of finding the shortest path is O(D), where D is

the maximum depth of the n-ary tree.

Fig. 7. Example of user-selectable tree line appearance.

Fig. 8. Visualization result of the relationship between the two people.

Algorithm 2. Recursive function definition for finding source or
destination node from tree
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3) Step 3: Update Links of Color and Stroke

As shown in Fig. 8, the color and stroke width of the link

are changed using the iterative operation of d3.js. Algorithm

4 updates the links using an iterative operation, and the time

complexity is O(ND), where N is the number of nodes and D

is the maximum depth of the tree. That is, the link update

time in the tree is proportional to the number of nodes.

IV. ANALYSIS OF FAMILY TREE VISUALIZATION 

PERFORMANCE

A. Creating Fake Data

The IIPR in the KCDB contains information on 67K his-

torical persons. Visualization is not an issue because a fam-

ily typically contains fewer than 1K pieces of information in

the IIPR. However, in order to measure performance by

visualizing a family tree, the performance was measured by

generating fake data similar to the real one. Using 181 sur-

names and 774 first names collected from the Internet, fake

data of 100 to 100K were created in the same manner as in

Algorithm 5, and 0–4 children were created and used for

each node in the same way. In consideration of data duplica-

tion, random values of surnames were also used.

B. Environments

The performance was measured five times in msec unit on a

localhost in the environment presented in Table 1, and the

average value was obtained by measuring four decimal places.

Algorithm 4. Process of updating shortest path links

Algorithm 5. Generating fake data

Algorithm 3. Finding common ancestor and calculate shortest path

Table 1. Environments for performance measurements

Item Details Remarks

OS Windows 10 Enterprise Edition 64bit

Server XAMPP 7.4.27

Apache 2.4.52 

Maria DB 10.4.22

PHP 7.4.27

System
AMD Ryzen 9 5900X

RAM 64GB 
12-Core, 3.70GHz

Visualization d3.js Version 4

Testing on a localhost Average after 5 measurements
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C. Performance and Bottleneck

The visualization process was divided by functions, and

the performance of each function was measured to identify

and improve functions that are bottlenecks when considering

scalability. Functions are divided into JSON file loading, tree

visualization, array processing for calculations, source node

search, destination node search, common-root node search,

and the tree update.

The measurement results in which the number of nodes on

the x-axis is expressed in a log scale and the measurement

time is linearly expressed on the y-axis are illustrated in Fig.

9. The time required to search for arbitrary nodes is almost

the same as the search time for the source or destination, and

the common-root search time is relatively small. In Algo-

rithms 3 and 4, the time complexity is equal to O(D) and

O(ND), respectively, and the search time has little effect on

the overall performance.

On the other hand, Fig. 10 presents the performance mea-

surement results for functions that affect performance as the

number of nodes increases, and both the x and y-axis are

expressed in log scale.

The tree visualization feature has the most impact if a tree

has more than about 1K nodes. This is because of the char-

acteristic of performing repetitive operation of d3.js.

Computation time increases linearly in proportion to the

increase in the number of nodes. JSON loading, initial tree

visualization, and array processing for operation are neces-

sary processes when starting the program. On the other hand,

the tree-update operation is a necessary function for expand-

ing or reducing a tree, moving an entire tree after searching,

and visualizing between two nodes.

In the result, the JSON file loading is staggered compared

with the other functions. This appears to be an error in the

measurement process owing to the caching phenomenon for

improving the performance of web browser.

Although the tree-update process is frequently called when

using the created tree, it must be processed within a tolerable

level of waiting for the user to use the massive family tree.

If it uses a tree with more than approximately 20K nodes,

users must wait for more than 3 seconds for the family tree

initialization process. Considering the relatively high perfor-

mance of the system used in this experiment, it is desirable

to use it with 10K nodes or fewer. This is consistent with the

experimental results using graphs to visualize the relation-

ships between people in previous studies [1,2]. This is

because all the features illustrated in Fig. 10 become a bot-

tleneck in visualization considering scalability.

D. Directions for Family Tree Visualization

The genealogy of Confucian culture, including that of

Korea, has been recorded for more than several hundred

years, focusing on family members. Usually, all people from

30 to 50 generations are recorded; therefore, there are data

on hundreds of thousands of people. Experiments have

revealed that displaying them on a single screen is impossi-

ble. There is a performance problem if users do not use a

subtree with thousands to 10K nodes or fewer. This requires

saving person information in a database, searching for the

person that users want to display on the screen, and then

visualizing the people around the person searched for. For

example, it is necessary to reduce the amount of data using a

partial tree, such as the 4th generation of parents and chil-

dren, centering on the searched person. However, this

method has a limitation in that the data to be used for new

visualizations must be collected every time, focusing on the

searched person. This is left for future research considering

engineering and humanities implications.

E. Humanities Meaning

Previous studies that visualize the relationship network

between people using large-scale graphs are very helpful for

Fig. 9. Time measurement results retrieved to visualize relationships
between nodes.

Fig. 10. Performance measurement results of functions that have a serious
impact on scalability.
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character exploration. However, the family tree also serves

as an important humanities tool for determining a person’s

influence relationships. To date, humanities researchers have

manually worked on paper to create family trees. The KCDB

has been regarded as a treasure trove of the humanities,

including various classical information that humanities clas-

sics researchers can use. They received a lot of help when

drawing a family tree using the IIPR of the KCDB.

However, the automatic family tree system developed in

the current study can dramatically shorten the time spent by

humanities researchers and can be used to create accurate

family trees. It also provides a visual representation of the

relationships between people on the pedigree, helping to

understand relationships intuitively. In addition, the visual-

ized family tree has the advantage that humanities research-

ers can directly check the data integrity of the KCDB. This

will be a source technology for digitizing genealogy to accu-

rately express the pedigree information of a family.

V. CONCLUSIONS AND FUTURE WORKS

Family trees are often used to accurately understand the

influence of historical persons. Until now, humanities clas-

sics researchers have drawn family trees manually and used

them for their research, which requires considerable time.

The IIPR in KCDB contains data on approximately 67K peo-

ple and more than 200K relationships. In this study, a new

database was built by crawling IIPR, and all family trees

were automatically created. Since a lot of data are displayed

on one screen, we tried to visually express the relationship

between the two persons searched to understand the influ-

ence of interpersonal relationships more easily and use it for

research.

In Confucian cultures, including Korea, the family tree is

written in Chinese characters, and it is common to write it in

a vertical tree form under the influence of the vertical writ-

ing of Chinese characters. However, to digitize the family

tree, the horizontal tree form has been shown to be effective

for space utilization because the characters can be written

horizontally. In addition, to intuitively express the traditional

family tree or degree of intimacy, the user can decide on var-

ious types of trees, such as straight and curved.

D3.js, which is easy to utilize events, was used for large-

capacity family tree representation and intuitive understand-

ing of users. The performance was measured by dividing it

into several functions such as JSON file loading, drawing

tree, array processing, visualization of search result, and

update tree. The measured results confirmed that the bottle-

neck when visualizing a large-scaled tree by testing with 100

to 100K nodes each occurred in data loading, drawing tree,

and updating tree according to user actions. The time com-

plexity of each function was verified using the algorithm,

and the measurement results were almost identical.

For future research, it seems desirable to present subtrees

after searching so that they have thousands of nodes or fewer

to be used in the actual family tree. For this purpose, it

should be improved in consideration of humanities usability

and engineering performance.
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