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Kinship Adjacency Matrix Generator (KAMG) is a browser-based software for creating adjacency matri-
ces using the information of kinship ties. Specifically, it is capable of converting the family trees in the 
format of GEDCOM files into adjacency matrices of blood relationship. With the data of intermarriages 
between different families, it can further create the adjacency matrix of affinity relationship for the 
families. The outcomes can be directly used to create networks. KAMG is written in JavaScript and imple-
mented on web browsers. It is completely open source and the source code is publicly available on GitHub.
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(1) Overview
Introduction
Social relationships can heavily affect individuals’ decision 
making, and thus affect the social and economic conse-
quences [5, 4, 6]. Kinship is one of most important social 
relationships. It has been studied in areas ranging from 
social diffusion (e.g., [12]) to immigration (e.g., [9, 11]) and 
employment (e.g., [1, 10]) and to social structure in gen-
eral (e.g., [2, 8]).

Social network analysis (SNA) is an approach to study 
social relationships and the social structure they consti-
tute using network and graph theories. It has emerged as 
a key technique in modern sociology, and also gained a 
significant following in many disciplines including eco-
nomics, anthropology, biology, geography, history, and 
information science. Social network analysis characterises 
networked structures in terms of nodes or vertices (rep-
resenting individuals or organisations), and ties or edges 
(representing connections between nodes) [7].

A typical way to mathematically represent and store a 
social network is using an adjacency matrix. An adjacency 
matrix of n vertices is the n × n matrix with a value of 1 or 
0 in each element aij, corresponding to whether the node i 
and j are connected or not [3]. For a weighted network, the 
values of the elements in the adjacency matrix can be any 
numerical values, and they represent the weights of ties. 
As an example, Figure 1 shows a weighted network (Panel 
(a) on the left-hand side) and its corresponding adjacency 
matrix (Panel (b) on the right-hand side).

Therefore, in order to conduct social network analysis 
on kinship ties, researchers need to represent the ties 
as adjacency matrices. Kinship consists blood relation-
ship (or consanguinity), which is based on the birth, and 
affinity relationship, which is based on marriages. The 
blood relationship in a family is generally recorded as a 
family tree. Family trees are store digitally as GEDCOM 
files, plain texts (usually either ANSEL or ASCII) con-
taining genealogical information about individuals, 
and the meta-data linking these records together. A 
detailed description of GEDCOM data format is avail-
able at the entry of “GEDCOM” in Wikipedia (https://
en.wikipedia.org/wiki/GEDCOM). Many genealogy soft-
ware (e.g., MyHeritage Family Tree Builder) and websites 
(e.g., www.familyecho.com) support creating digital fam-
ily trees and exporting them to GEDCOM files. There are 
also genealogical forums (e.g., Roosweb www.rootsweb.
ancestry.com and Genealogy Forum www.genealogyfo-
rum.com/gedcom) that provide databases of GEDCOM 
files.

KAMG, the software we present in this paper, reads 
GEDCOM files as input data, calculates weights of 
blood ties and then creates adjacency matrices using 
the data of weights. Furthermore, with records of mar-
riages between members in different families, KAMG 
can calculate the weight of affinity ties and create 
adjacency matrices of affinity relationship (includ-
ing both blood ties and affinity ties) for the families 
involved.
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Implementation and architecture
Figure 2 displays the steps of generating adjacency matri-
ces of blood relationship (Step 1 to 4) and an adjacency 
matrix of affinity relationship (Step 5 to 7) using KAMG.

The steps to generate an adjacency matrix of blood rela-
tionship using KAMG are as follows. 

First, read the addresses of families. Each family has its 
own address (different families can share an address). This 

function is helpful when researchers want to differenti-
ate families by their locations. In cases where this differ-
entiation is not needed, users can assign a same address 
to all families, but it is required to assign an address for 
each family.  The address in the software is set to have 
two levels: Level 1 and Level 2, indicating a larger and 
a smaller address respectively (e.g., town and village). 
Address records need to be manually created by users. In 

Figure 1: Network and Adjacency Matrix.

Figure 2: Steps of Creating Kinship Adjacency Matrices using KAMG.
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the present version, they should be stored in a text file 
(maybe be extended to other file format, such as CSV file, 
in future versions).

Second, import family trees in GEDCOM files. As long 
as addresses have been successfully read (a pop-up hint 
window will appear), the families under the addresses 
will appear in a drop-down list in the “Select Clan and 
Members” area. Users can then select the family for which 
the adjacency matrix of blood relationship is planned to 
create from the drop-down list. Next, one can import the 
family tree (in a GEDCOM file) of the selected family. As 
long as the family tree is successfully imported (a pop-
up hint window will appear), the members in the family 
will be listed in the “Members in the family are displayed 
below” area. Users can then select the members they want 
to include in the adjacency matrix. Finally, users need to 
store the selected members by applying the “Save” but-
ton; otherwise no member will be selected for the family. 
Repeat this process for each family tree till all family trees 
are imported. 

Third, set the parameters for calculating weights of 
blood ties, i.e., algorithm and decay coefficient of consan-
guinity. The meaning of these parameters will be elabo-
rated in Section “Calculation of weights of relation”. The 
software memorises the latest setting. 

Fourth, generate adjacency matrix of blood relation-
ship. This is simply to apply the “Generate” button. Then, 
an adjacency matrix with all the stored members and the 
weights of the blood ties between one and another will 
be generated, and stored in a CSV file (a pop-up window 
indicating its directory path will appear).

Having adjacency matrices of blood relationship for 
multiple families, users can further use KAMG to create 
an adjacency matrix of affinity relationship if the data of 
intermarriages between these families are available. Note 
that, to be consistent, the weights of blood relationship 
for these families should be calculated under the same 
parameters. The steps of creating an adjacency matrix of 
affinity relationship are as follows. 

Fifth, import the intermarriage record. This is a record 
of the information of intermarriages between members in 
different families. A record should contain the names of 
the two members involved and their families (along with 
their addresses).  Intermarriage records need to be manu-
ally created by users. In the present version, they should 
be stored in a text file (maybe be extended to other file 
format, such as CSV file, in future versions).

Sixth, set the parameter for calculating weights of affin-
ity ties, i.e., decay coefficient of affinity. The meaning of 
the parameter will be elaborated in Section “Calculation 
of weights of relation”.

Seventh, generate adjacency matrix of affinity relation-
ship by applying the “Generate” button, like in the fourth 
step. A large adjacency matrix including weights of both 
blood ties and affinity ties for all members in all the fami-
lies involved will be generated, and stored in a CSV file (a 
pop-up window indicating its directory path will appear).

A video demonstrating how to use KAMG is pub-
licly available at https://www.youtube.com/
watch?v=FlcindeROHY.

Calculation of weights of kinship ties
The fourth step and the seventh step involve the calcu-
lation of weights of kinship ties. We need to decide the 
weights of blood ties first, and then compute the weights 
of affinity relations based on the weights of blood relations. 

Weights of blood ties
The weight of a blood tie between two members is depend-
ent on how close in blood the two members are; that is, 
the fraction of genes they share. The blood proximity is 
measured by the degree of consanguinity. Two algorithms 
are widely used to compute the degree of consanguinity: 
The algorithm based on the Canon Law (a body of laws 
and regulations made by ecclesiastical authority for the 
government of a Christian organization or church and its 
members) and the algorithm based on the Roman Law (a 
legal system applied in most of Western Europe until the 
end of the 18th century). The algorithms are conducted in 
the following steps:

1.	Trace back to the nearest common linear ancestor of 
these two members.

2.	Count how many generations between the common 
ancestor and the two members respectively (two 
number will be obtained accordingly).

3.	If following the Canon Law, take the number with 
larger value as the degree of consanguinity. If follow-
ing the Roman Law, take the sum of the two numbers 
as the degree of consanguinity. 

Suppose the degree between two members is b, the weight 
of blood relation between them is defined as

1b
b bw d -=

where db is the decay coefficient of consanguinity, a 
parameter indicating how much the weight decays as the 
degree of consanguinity increases. The value is generally 
set as 0.5.

Taking the Canon Law algorithm as an example, the 
degree of consanguinity between one and his parents 
or siblings or children is 1. The weight of the blood tie 
is hence 0.51–1 = 1. This is the highest possible weight for 
blood ties. The second highest weight is 0.52–1 = 0.5, which 
measures the weight between one and his grandparents, 
uncle and aunt, niece and nephew, or grandchildren.

In Figure 3, for instance, the degree of consanguin-
ity between D01 and C03 in the Payne family (on the 
left-hand side) is calculated as follows. First, find their 
nearest common linear ancestor A, who is D01’s great 
grandfather and C03’s grandfather. Second, count the 
number of generations between A and D01 and between 
A and C03, which are 3 and 2 respectively. Third, take 
the larger number, 3, as the degree of consanguinity. 
The consanguinity weight D01 between C03 and is thus 
0.53–1 = 0.125.

Weight of Affinity Relations
As mentioned earlier, the marriage between two members 
in different families creates an affinity relation. The weight 
of the affinity relation between the individual i in the 
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husband’s family and the individual j in the wife’s family 
wa (i, j) is given by

( , ) ( , ) ( , )a a b bw i j d w i m w j f=

where wb (i, m) is the weight of the blood tie between i 
and the husband, wb (j, f) is the weight of the blood tie 
between j and the wife. And da, like db, is a parameter indi-
cating how much the weight decays because this relation 
is inter-family. It is thus named the decay coefficient of 
affinity, and its value is set as 0.5. The weight of the tie 
between, say, the husband’s uncle and the wife’s father is 
0.5 × (0.5 × 1) = 0.25.

In Figure 3, suppose the man C03 Payne marries the 
woman C01 Xiong. The weight of the affinity tie between 
the man’s second-degree brother C01 Payne and the wom-
an’s second-degree nephew D01 Xiong is calculated in two 
steps. First, measure the weight of the blood tie between 
C01 Payne and the husband, which is 0.5, and the weight 
of the blood tie between D01 Xiong and the wife, which 
is 0.25. Second, apply the above formula. We obtain 0.5 × 
(0.5 × 0.25)  = 0.0625.

Quality control 
The software conducts two calculations: calculation of 
weights of blood ties and calculation of weights of affin-
ity ties. Both are not complicated and the results can be 
checked by hand. We validated the calculation results in 
two ways. One is checking by hand and the other is com-
paring the results with those calculated using equivalent 
R codes (the algorithms used in the software is originally 
coded in R). The validations were carried out with both a 
small number of families and intermarriages, and a large 
number of families (more than five, and each with a few 
hundreds of members) and intermarriages (more than 
thirty).

The software has been tested both experimentally and in 
practice. First of all, each of the three authors independently 
created a number of family trees and intermarriages and 
used them as input data to test how the software ran. They 
carried out the tests on different web browsers Internet 
Explorer 6 up to 10. Furthermore, the first author used the 
software to conduct a study the network structure of villages 
consisting more than 400 households split in 64 families. 

(2) Availability
KAMG is open source software. It has been published on 
GitHub under the GNU General Public License.

Operating system
Windows XP and higher

Programming language
JavaScript

Additional system requirements
None.

Dependencies
This software needs to be run on a web browser, and it 
relies on the ActiveX plugin of web browser for importing 
and exporting data. It therefore can only function prop-
erly on web browsers that allow the ActiveX plugin to run, 
typically Internet Explorer 6 to 10.
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Figure 3: Family Trees.
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Hui Xiong (School of Earth Sciences, Yangtze University)

Software location
https://github.com/hangxiong/KAMG

Language
English

(3) Reuse potential 
The algorithms of calculate weights of affinity ties can be 
used to calculate the weights of any kind of connections 
between two members in different networks. This process, 
in a circumstance of multiple networks, involves the selec-
tion of weights that are contradicted for different ways 
in which a connection is created, and for different time 
sequence in which a connection is created.

So far, the software can only be implemented on 
Internet Explorer web browsers. Users can extend it to be 
compatible with other types of browsers (such as Google 
Chrome, Mozilla Firefox). 
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