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Abstract

Kinship is an important issue in history studies. The kinship database is the key resource to analyze the structure, succession,
and evolution of families. However, one kinship could be expressed by different words, and one kinship word may be vague and
ambiguous in natural languages, especially in pre-modern Chinese. As in the well-known China Biographical Database, which
contains 484,066 kinship instances, there are more than 400 kinship words. Thus, the relations extracted from history texts can-
not be directly used to build family networks. In this article, we put forward a novel method to normalize kinship relations by
three basic relations: father—-descendant, mother-descendant, and husband-wife, as well as the gender of each person. All types
of kinships are normalized to these three basic relations. In this way, we identified 178,390 basic kinship relations to fully de-
scribe the original 462,147 unambiguous kinship instances, while finding 3,989 inconsistencies and inferring 5,805 missing per-
sons. Then, we generate 29,423 families by basic kinship relations and analyze the properties of families, such as their sizes,
depths, and intermarriages across families. This type of family analysis had been almost impossible prior to normalizing kinship

relations. Therefore, this technique enables improved family database construction and deeper quantitative analysis.
Keywords: kinship; family network; normalization; network analysis; pre-modern China.

1. Introduction

Kinship is a basic social relation, playing an important
role in history studies. Kinship data are fundamental to
reconstruct the families in history. Families exist both for
the well-being of their members and for the well-being of
society, and they offer predictability, structure, and safety
as members mature and participate in the community
(Collins et al. 2012). The conventional kinship databases
are built on the hand-inputed records. Publicly available
online family trees are collected from genealogy enthusi-
asts and used to partition the genetic architecture of lon-
gevity (Kaplanis et al. 2018). At present, there are many
commercially developed genealogy packages and web-
sites for individuals to query their family history. These
databases are applied to predict political, economic, and
genetic activities. Using the data collected from the
National Household Targeting System for Poverty
Reduction (NHTS-PR), intermarriage networks are

reconstructed for more than 15,000 villages of 709
towns in Philippines, which proves the correlation be-
tween politicians’ family networks and election results
(Cruz, Labonne, and Querubin et al. 2017). The appli-
cation of both database and genealogical programs,
such as Genopro and Heredis, for family studies has
helped historians to develop their research over the
last few decades (Pérez Garcia 2011).

However, a large number of studies obtained family
data by various ways. The funerary inscriptions are
used to study the nuclear family of ancient Rome
(Saller and Shaw 1984) and study the construction of
ancient Roman families (Martin 1996). Household
register is also an effective source of family data. By us-
ing the household registers from Dunhuang and
Turfan in China, household forms and related demo-
graphic characteristics in a western region of the Tang
Empire are examined (Liao 2001). Considering the
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quantity of archaeological objects, the scales of the fam-
ily data involved in these studies are relatively small.
With the development of computational technology,
database has become an important means for large fam-
ily data research (Warren et al., 2016; De Nooy et al.,
2018). The Integrated Public Use Microdata Series
Database is used to explore the origins of African-
American family structure (Ruggles 1994). And the
Utah Population Database is used to evaluate the influ-
ence of family history on longevity (Kerber et al. 2001).

Empirical studies on families rely on well-formed fam-
ily data, either by hand-input or by gene test. Thus, the
collection of such family data is a primary task.
However, one kinship could be expressed by different
words. For example, the kinship father—descendant is
expressed by father, son, daughter, second son, elder
daughter, etc. On the other hand, one kinship word may
be vague and ambiguous. For example, descendant and
relative are not clear enough to determine the exact kin-
ship between two persons. These two issues are much
harder to handle in Chinese than in English, because
there are many more kinship words. Appendix 1 is a
kinship chart of mandarin Chinese, showing the com-
mon words used in describing the kinships in a family.

China has a large amount of pre-modern books, re-
cording the kinship genealogy. China Biographical
Database (CBDB)" is a high-quality resource recording
484,066 relation instances with 255,149 ancient
Chinese persons. It collects ancient Chinese historical
records, funerary inscriptions, official documents, and
other biographical materials systematically. CBDB has
been applied to studies of ancient China by many schol-
ars (Liu and Wang, 2017; Shang and Huang 2018).

There are more than 400 types of words expressing
kinship relations in CBDB. This huge number of words
is manually collected from thousands of books. Each
word has to be clarified to a certain type of kinship. At
the meantime, there are conflicts in different docu-
ments recording the same pair of persons. Thus, error
detection and correction are also important in data
consistency. Even these two issues can be solved, the
family network does not have a good structure. For ex-
ample, if person A is the son of B, and C is the grandfa-
ther of B, then A and C are the adjacent nodes of B in
the network. But kinship research needs a tree struc-
ture dominating the family relations. A should be C’s
great-grandson in the family tree.

The motivation of our research is exploring the nor-
malization of kinship relations to basic kinship rela-
tions. Many efforts have been made to effectively
represent and analyze kinship relations. Family trees
are mathematical graph structures that capture two
fundamental processes: mating and parenthood
(Kaplanis et al. 2018). Kinship networks can also be
represented as graphs, and cumbersome genetic graph
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can be replaced with “p-graph”, a more succinct pa-
rental graph that has genetic graphs as its dual com-
posed of three partial orders: male ancestral trees,
female ancestral trees, and composite forests of trees
(White and Jorion 1996). The basic kinship relations
used to draw such trees are still in debate, although the
kinship relation between two persons can be computed
by a third person whose kinship relations to each of
the two persons are already known (Read 2001). One
theory of the “atom of kinship” (Lévi-Strauss 1969) is
based on filiation (father—descendant, brother—sister),
affinity (husband-wife), and filiation combined with
affinity (wife’s brother—sister’s son), where father and
husband play crucial roles in this theory.

In this article, we introduce our work of normalizing
kinship relations from original kinship words to three
basic kinship relations, father—descendant, mother—de-
scendant, and husband-wife, as well as the gender of
each person, to build family data in CBDB and analyze
ancient Chinese families quantitatively. The kinship data
is extracted from CBDB, which contains 409 kinship
word types that need to be normalized. After normaliza-
tion using PYTHON, we find that the data consistency
and the kinship relations can be enriched by logic infer-
ence. For example, if A is the grandfather of B, and A is
the father of C, then C is the father of B.

Most of the kinship instances are normalized and
the patrilineal trees are built as family trees. The patri-
lineal tree is chosen from the above three partial orders
because males were more frequently recorded in biog-
raphies and the number of males is about 4.15 times
greater than that of females in CBDB. Finally, when
considering marriages across families using the hus-
band’s relation, the kinship data forms a network.
Thus, the normalization and inferences supply a well-
structured database to make a quantitative analysis of
ancient Chinese families.

2. Data sources

The CBDB is a freely accessible relational database
with biographical information about approximately
484,066 individuals (version 2018), primarily from
the 7th through 19th centuries. CBDB contains many
kinds of detailed information of ancient Chinese per-
sons, but we only extracted individual ID, name, gen-
der, year of death (see Table 1), and kinship data (see
Table 2) in this article.

Table 2 shows the kinship between two persons.
The person on the right is the kinsfolk (described by
the kinship word) of the person on the left, such as
13059_Z3 is the father(R) of 13060_Z=tH[R. We
added persons’ ID in front of their names to distin-
guish them. The three kinship instances can be
expressed by logic form as shown in Table 3.
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The former in parentheses is the kinsfolk (described
as the kinship word) of the latter. To be precise, the
grandfather in Chinese refers to the paternal grandfa-
ther unless it is clearly marked as the maternal grand-
father, so does the grandmother, great-grandfather,
and uncle. The form of the expressions in Table 3 will
also be used to represent relations between two per-
sons in the rest of this article.

We get 484,416 kinship instances and 245,371 per-
sons from CBDB. More than 95 per cent of the data
are used shown in Table 4. Some kinship relations like
SEJB (relatives) and J& . (clan sibling) are dropped, as
they are not definite kinships, thus cannot correspond
to a certain type of kinship.

Within the huge number of kinship instances, there are
many redundancies and conflicts. On one hand, a kin-
ship relation can be recorded in several kinship word
types and instances. For example, the father—descendant
relation between 13059_ZFiil and 13060_ZF IR can
also be recorded as ¥ (son), {XT (second son). On the
other hand, a kinship instance may conflict with other
kinship instances or persons’ information. Thus, we need
to detect them automatically before further processing.

3. Normalization

3.1 Basic kinships

Basic kinships are important for the normalization of
kinship words of ancient Chinese families. Here, we
sort out and draw a schematic diagram of kinship
words in modern Chinese families centered around a
man who possess both son and husband identities (see
Appendix 1). It can be seen that kinship words of

Table 1. Persons’ information.

Person_ID Person_name Gender Year of death

13059 2 Male 625 AD
(Li Yuan)

13060 R Male 649 AD
(Li Shimin)

140340 B Male 684 AD

(Li Zhen)
3767 BRI Male 1095 AD
(Su Shi)
27127 TEMERS Male 1071 AD
(Shi Weijian)

Table 2. Kinship between persons.
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modern Chinese families are more complicated than
English, due to the marriage system which includes
concubines. Basic kinships are the core of kinship rela-
tions, with which any kind of kinship can be defined
as a group of simplest kinship relations. Father and
husband are regarded as the foundation of the atom of
kinship (Lévi-Strauss 1969). Considering the marriage
system in pre-modern China, there are three basic kin-
ships that are enough to make up a family: father—de-
scendant, mother—descendant, and husband-wife
relations, abbreviated as father, mother, and husband.

3.2 Normalization

The instances of basic kinships are the basis for the con-
struction of family data in the next step. In CBDB, there
are sixty-four kinship words directly expressing the three
basic kinships. For example, the kinship father is
expressed by the words like £ (the first son), 7% (the
only daughter), — % (the second daughter), 3% ¥ (con-
cubine's son), etc. The sixty-four kinship words are listed
in Appendix 2. There is an overlapping part between kin-
ship words describing father relation and mother rela-
tion, depending on the genders of the parents.

We extract kinship instances by these kinship words
and normalize them to remove redundancy. For exam-
ple, father(A, B) is equal to son(B, A). As shown in
Table 5, we obtained 121,829 basic kinship instances.
And after the normalization, we even found some con-
flicts (see Section 3.3).

3.3 Error detection and correction

As mentioned in Data Sources, a kinship instance may
conflict with other kinship instances, such as father(A,
C) ~ father(B, C), or conflict with persons’ gender,
such as father(D, E) ~ female(D). Without data correc-
tion, family analysis will be an impossible task due to
tangled relations. We detected 3,989 conflicting
instances by checking rules and then corrected them.

3.3.1 Kinship instances conflicting with persons’
information
Kinship instances conflicting with persons’ informa-
tion have many types and different processing modes.
Table 6 shows three types of conflicts and errors.
Gender conflict is an ordinary conflict type. Some
gender conflicts come from incorrect labeling of the
persons’ gender which can be corrected automatically.

No. Person1_ID Personl_name Kinship word Person2_ID Person2_name
1 13060 Z=1t [ (Li Shimin) A (father) 13059 ZEP(Li Yuan)
2 140340 2 H(Li Zhen) #H4Z (grandfather) 13059 Z=3(Li Yuan)
3 3767 #R R (Su Shi) J% 5t (clan sibling) 27127 FEMWERS (Shi Weijian)

$20Z 8unp | UO JBSN JUSWIUISAO0L) JO |00YoS Apauusy] 4 uyor Alsiaaiun pieateH Aq 65/S6S.2/S 12/ L/6E/81011./ysp/wod dno-olwspese//:sdny woJj papeojumoq



218

Table 3. Expressions of the above kinship instances.

No. Expression

1 father(13059_Z%l, 13060_Z=1H )
grandfather(13059_Z%i, 140340_% 1)

3 clan sibling(27127_FEMERE, 3767_%xiR)

Table 4. The adoption of kinship data extracted from CBDB.

Data No. of kinship No. of No. of

word types  kinship instances person types

Original data 409 484,416 245,371

Data adopted 168 462,147 238,830

Adoption ratio 41.08% 95.40% 97.33%

Table 5. The normalization of basic kinship relations.

Kinship  # of # of Examples of
normalized  kinship kinship words
instances word

types

father 76,597 52 % F(the first son), <
(the only daughter),
" (the second
daughter), &2 T
(concubine's son)

mother 18,839 49 #(mother), J& % (the
only daughter), X T
(the second son)

husband 26,393 10 Sk (husband), 25 —1F

3 (the first wife), 2
{E 3L 5 (the sec-
ond husband)

Table 6. Types of conflicts and errors.

Types  No.of  Examples (checking rules
instances using predicate logic)

Gender 1,647  mother(A, B) ~ male(A); husband(A, B) ~
husband(B, A)

Surname 131 father(A, B) ~ (surname(A) != sur-
name(B))

Year 243 grandfather(A, B) ~ (year(A)—year(B) >
100 * year(B)—year(A) > 150)

Total 2,021 -

And some gender conflicts are totally wrong, which
need manual correction.

Surname conflict is another ordinary conflict type, be-
cause the surnames of the sons and daughters always are
the same as their father’s surname in China. When the
surnames have conflicts, the instances will be picked out
automatically for manual check. For example, 26109_

B. Lietal.

[#1%(Chen Kai) is the father of 385739_E#F /X4 (Zheng
Cimu) in CBDB. The surname of the father is [, while
the surname of the son is . When there is no other evi-
dence to prove the kinship relation, the surname con-
flicting instances are usually deleted.

The detection of year conflict is the third type. It is a
common sense that two persons’ year of death cannot
be too far away when they have basic kinship rela-
tions. So, we set different year-of-death gap thresholds
for different kinship relations to detect such year con-
flicts. For instance, 13501_5R1T(Zhang Xingcheng)
is the father of 31226_3R¥4% (Zhang Mingke) in
CBDB, but the year of death of 13501_584T ik is 1162
AD, which of 31226 _5R¥#% is 676 AD. We delete this
kind of instances that are obviously wrong.

3.3.2 Conflicting kinship instances

Instances conflicting with other instances often come
from paternal relations such as father and grandfather.
For example, a person cannot have two fathers, except
one father is a stepfather. We sort out 1,968 conflict-
ing instances, from which 987 wrong instances were
deleted manually. For example, father(32434_gAMEIT,
95025_BHEI) ~ father(191913_EAMEH, 95025_HE
Ji1) is in the original data. The pronunciation of the
names of both fathers is the same, but with different
IDs (32434 versus 191913). In order to judge who is
the right father, we have to check the persons’ other in-
formation in CBDB (shown in Table 7).

The most intuitive information is year of death. If
these years of death differ significantly, it will be easy
to find the correct instance, while in this example,
these two persons have so similar year of death that
we need to use other information. It can be seen that
32434 _EEMEH have more detailed kinship words with
95025_gAF I and more kinship instances with others.
So we regard father(32434_EHMEE., 95025_EHEIH) as
the correct instance, and links other kinship relations
of 191913_EAME H to 32434_HAMNEFL.

3.4 Kinship inference

In Section 3.2, we introduced basic kinship instances
extracted directly from the CBDB, which can be used
to reconstruct the family trees. But these instances are
not enough, because there are many missing kinship
relations and persons, which will split a family tree to
several trees. Thus, we put forward a set of logic rules
to infer basic kinship instances by using other seven
relations: grandfather, grandmother, father-in-law,
great-grandfather, great-grandmother, uncle, and sib-
ling. The seven relations are expressed by over 100
kinship words in CBDB.

Table 8 gives four rules of how to use other relations
to infer basic relations. If A is the grandfather of B,
and X is the father of B, then A is the father of X.2
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Table 7. Persons’ information for error correction.
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Person_ID Person_name Year of death Kinship words with No. of instances
95025_EHAI I
32434 BEIHEE (Yan Weizhen) 712 AD A (father), £ (the sev- 22
enth son)
191913 BAME 5 (Yan Weizhen) 716 AD A (father), ¥ (son) 9

Table 8. Formula of kinship words to infer basic relations.

Kinship Examples of Inference by Rules Basic relations
kinship words natural language inferred
Grandfather #42 (grandfather) father of father grandfather(A, B) := father(A, X) Father
~ father(X, B) ~ male(A)
male(X)
Father-in-law L% (son-in-law) father of wife father-in-law(A, B) := father(A, X)  Father
~ husband(B, X) ~ male(A) ~
male(B) ~ female(X)
Great-grandmother ¥ #1}(great-grandmother)  wife of great-grandmother(A, B) := hus- Husband
great-grandfather band(X, A) ~ great-grandfather
(X, B) ~ female(A) ~ male(X)
Sibling + Ui (eldest brother) children of the sibling(A, B) := father(X, A) ~ Father

same father

father (X, B) ~ male(X)

LR,

i

Figure 1. Using grandfather relation to infer father relation.
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This method will calculate many missing basic kinship
instances. Figure 1 shows an example of four typical
situations when a grandfather kinship instance is
decomposed into father kinship instances in CBDB.
Case A is the situation that grandfather(13059_2Z5i,
140340_25 1), father(13059_Z50,  13060_Z=H[R)
and father(13060_Z=1H [, 140340_2Z=H) are all true.
But such cases with all the three relations are seldom.
In most cases, there are only two of the three relations,
which can be used for inferring the missing relations.
Case B, C, and D are the other possible situations.
Case B and C are both missing a certain relation
marked with a dashed arrow in Fig. 1. Arrow B-b can
be inferred as a new father relation instance, while C-c
may be either a father relation or an uncle relation.

Table 9 gives the number of inferred new (missing)
kinship instances by grandfather, great-grandfather,
grandmother, great-grandmother, and father-in-law.
The first two kinships have a large amount and a very
high ratio to infer missing basic kinships.

3.5 Kinship inference with missing persons

When inferring the kinship relations, we found that it
is necessary to add some imaginary persons (hereinaf-
ter called missing persons) to enrich the family net-
works. In another word, by the set of kinship logic
rules, many missing persons will be inferred. And these
missing persons can avoid the split of a family tree. For
example, in Fig. 1D, we inferred nothing. But if we add
a missing person instead of the question mark (shown in

Table 9. The inferred new instances without missing persons.

B. Lietal.

Fig. 2E), the family tree will be more complete. For the
missing persons can be automatically inferred from
other kinship relations, we have to assign a unique ID to
each missing person, and unifying the missing persons
which are likely to be the same person. For example, sib-
ling kinship instances are used to minimize the number
of missing persons (see Fig. 2F). With the condition
grandfather(13059_Z5, 140340_Z5H) ~ grandfather
(13059_ZFifi, 142261 _ZREH) ~ sibling(140340_ZFH,
142261_2Z=f#'H), adding a new connective node for the
missing person will make this family more natural and
complete for further family analysis.

In this way, we applied the method on three rela-
tions: grandfather, great-grandfather, and ancestor. As
a result, 5,805 missing persons and 10,337 missing fa-
ther relations are inferred (see Table 10).

Finally, as shown in Table 11, we got 178,390 basic
kinship instances by normalization and inference from
the 484,066 kinship instances described by more than
400 kinship words in CBDB. Actually, only 462,147
kinship instances are used, because more than 10,000
instances are vague or ambiguous. The kinship rela-
tions are clean and clear after normalization. The basic
kinship instances support the family tree/network re-
construction and family analysis.

4. Family network analysis

Family tree is a typical structure for family analysis.
The tree will be a patrilineal tree when father—

Kinship No. of original instances Inferred kinship No. of inferred new instances Inferred ratio (%)
Grandfather 23,236 Father 15,853 68.23
Grandmother 437 Husband 183 41.88
Great-grandfather 18,162 Father 15,218 83.79
Great-grandfather 18,162 Grandfather 96 0.53
Great-grandmother 145 Husband 58 40.00
Father-in-law 7,998 Father 453 5.67

Figure 2. Using grandfather relations to infer father instances with connective nodes.
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Table 10. The number of ghost types and inferred

kinship instances.

Kinship used Inferred No. of inferred No. of inferred
kinship ghost types kinship instances
Grandfather Father 3,401 6,872
Great-grandfather Father 1,540 2,347
Ancestor Father 864 1,118
Total - 5,805 10,337

Table 11. The basic relations instances after normalization

and inference.

Kinship No. of instances
Father 118,019
Mother 19,006
Husband 41,365
Total 178,390

descendant is the dominate relation. And it will be a ma-
trilineal tree, when mother—descendant is the dominate
relation. Thus, when father—-descendant, mother—descen-
dant, and husband-wife relations are considered at the
same time, the tree structure will not be sufficient for the
representation of the family, but the graph structure
will. Thus, the family network, made up of vertices (per-
son nodes) and arcs (kinship relations), entails concepts
about parentage and marriage (Zanette, 2019).

4.1 Basic statistics

Using the basic kinship relations after normalization
and inference, we are able to reconstruct the patrilineal
tree, matrilineal tree, and the family network. In this
article, we focus on the patrilineal tree, which is the
Chinese traditional family structure. Then we can cal-
culate how large could a family be, how many families
are recorded in CBDB, how many generations could a
family last, and how many intermarriages across fami-
lies, which were very hard to know before.

Patrilineal tree is a traditional family tree, which can
be generated by the relation father. Table 12 is an ex-
ample (A means male and O means female). The father
kinship relations are on the left, the family tree is illus-
trated on the right.

By root first traversing algorithm, 29,423 family trees
are generated (see Table 13). One-person family means
a family with only one person (the number of members
does not include affinity, wife mainly). There are 25,762
families when excluding 3,661 one-person families.

The maximum depth reaches fifty generations in a
family, and the largest family has 2,112 members. The
top five families having the largest number of members
are listed in Table 14. Each family is led by its genea-
logical root person’s ID and name.

221

Table 12. From basic kinship relations to a family tree.

Kinship data Family tree

A ID16784E % (Cui Xian)
father(ID1678,1D119432) |—O ID1194324E [K(%k & i )
(Cui, wife of Su Yijian)

father(ID1678,1D3883) |—A ID3883 4 1% /% (Cui Zundu)

(
father(ID3883,1D19603) | —A ID19603 43K (Cui Qiu)
father(ID19603,1D3881) | A ID38814# % (Cui Zhu)
father(ID1678,1D3884) |—A ID3884 £ 1

(Cui Zunyong)

Table 13. Basic statistics on family data.

No. of families No. of families Maximum  Maximum
(excluding (including of pedigree  of
one-person one-person depth members
families) families)

25,762 29,423 50 2,112
Table 14. The top five largest families.

Genealogical Genealogical No. of
root_ID root_name members
22466 215 (Li Gao) 2,112
20261 L (Zhao Jing) 2,082
194410 Z54(Li Rui) 1,262
31855 1% (Pei Zun) 623
182753 ¥ J8L1A1 (Zheng Yinbo) 595

Table 15. The top five families with the largest pedigree depth.

Genealogical Genealogical Pedigree
root_ID root_name depth
32410 2H[Al(Yan Hui) 50
20529 B%l(Lu Lie) 44
3220 B 5H (Jia Yi) 43
437643 #4#E (Jiang Shu) 40
18740 f% ¥ 1% (Zheng Yinbo) 38

These families in Table 14 are all established families
in the Tang and Song Dynasties, and the first two are the
royal families of the Tang Dynasty and Song Dynasty.

Similarly, the families with the largest pedigree
depth are famous families in pre-modern China. The
families in Table 15 differ from those in Table 14. The
families with the largest generations are usually fa-
mous not for power but for knowledge, like literature
and Confucianism.

4.2 Enrich families with inference

In this section, we want to argue that inferring missing
persons not only increases the instances of persons and
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Figure 3. The effect of inference.

kinship relations, but also enriches the families, mak-
ing the families larger, growing from 3.61 persons per
family to 5 persons per family, while the depth grows
from 2.42 to 3.55 generations per family.

As shown in Fig. 3, our kinship data can be divided
into three levels: normalized original instances, in-
ferred instances without missing persons, and inferred
instances with missing persons. The three levels are
called as the first level, the second level, and the third
level. From the first level to the third level, we inferred
more and more family data. And the total number of
families is reducing because several families would be
merged into one with the missing persons and missing
kinship relations.

It can be seen that the number of one-person families
decreases with the inference with missing persons. And
the increasing trend the average number of members

—e— average of number of members

and pedigree depth in a family proves that the inference
of kinship data is beneficial to enriching family data.
Figures 4 and 5 show the distribution of pedigree
depth and number of members in a family. We count
these skewness and kurtosis to describe them. In terms
of skewness, the two distributions are both right-
skewed distributions and long-tailed distributions, that
is, the data are centrally distributed at smaller pedigree
depth and small number of members. In terms of kur-
tosis, the sharpness of the peaks of the two distribu-
tions is much higher than that of the normal
distribution. Since these are data extracted from pre-
modern biographies, which tend to record the most
important people of the time, a family here can be un-
derstood as a thriving family. According to this logic
and the peak of the distribution in Fig. 4, a family gen-
erally continued to prosper for four generations in pre-
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modern China. It is impossible to draw this conclusion
directly from the original kinship data.

4.3 Women's remarriage statistics by using
husband instances

Women’s remarriage is quite rare in pre-modern
China, because most wives have to be a widow even
his husband has passed away. We analyze women’s
remarriages by husband kinship instances, using the
condition that if one woman has two or more

husbands then she has several marriages. It can be
found that there were more remarriages in the Tang
Dynasty, but less after the Song Dynasty, as shown in
Fig. 6. Years 800-880 AD is the peak, and after the
Tang Dynasty, the number of women remarriages
dropped sharply because of “Neo Confucianism of
Song and Ming Dynasties,” which emerged as the
dominant ideology during the Song and Ming
Dynasties, encouraged women to observe widowhood
(Bol 2008).
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Table 16. The top five families with the highest frequency of intermarriage.

Genealogical origin_ID

Genealogical origin_name

Intermarriage frequency

20261 L (Zhao Jing) 351
22466 2515 (Li Gao) 230
44035 HEERME L (M L > JRHS)(Yelv Yali) 72
31521 JE 18 (Lu Zhi) 54
157668 Ji % (Lu Xuan) 36

4.4 Marriages across families

With the family data, it is possible to calculate the
intermarriages across families, which is a rather hard
and important work in traditional researches. The hus-
band-wife relation across families could be a good
way to measure the relations between large and fa-
mous families. From the marriage data collected in
CBDB (from 7th century to 19th century), we find that
there are up to eight intermarriages between two fami-
lies. One is royal family of the Tang Dynasty called B
P2 [K(Li Family in Longxi) and the other is X555 X
(Guo Family in Taiyuan), whose genealogical origin is
19236_5R(Guo Jin). Here we show the top five fami-
lies with the highest frequency of intermarriage in
Table 16. The first three families are all royal families.
And the last two are both established families, they
can be named )5 [X (Lu Family in Fanyang).
Figure 7 is the visualization of intermarriages of the
family of 31521_J&#H. The dotted line represents less
than three intermarriages between two families while
the solid line represents more than three

intermarriages. We can infer from the figure that, the
family of 31521_JE#8 have many marriage connec-
tions with many other families, but most important
families are BBAfE, 2257 and BFFE.

There is no node of the royal families in the Tang
Dynasty in Fig. 7, which reflects the contradiction be-
tween the royal family and the aristocratic families,
which is also the contradiction between the new impe-
rial examination system and the old ninth-class official
system in the Tang Dynasty.

The results also show that in the recorded data, the
number of intermarriages in paternal families is 0
while within matrilineal families is 318, which is rela-
tively common. It is not hard to explain why this hap-
pens. The pre-modern Chinese system of extramarital
marriage was based on the patriarchal system. It is
conventional that “the same race does not marry,” or
more strictly, “the same surname does not marry.”
Lévi-Strauss (1969) also pointed out that marriage ex-
ogamy has theoretical reasons, including inbreeding
avoidance, incest taboos, and the formation of
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marriage alliances. Our application of kinship verifies
the historical research from the perspective of family
data analysis.

5. Conclusions

As natural languages have various and complex kin-
ship words to name different types of kinships, it is dif-
ficult to use them to build family networks. So, we
normalize the kinship relations by three basic rela-
tions: father, mother, and husband, and conduct fam-
ily network analysis. In this article, the kinship data of
CBDB is used to generate the family network in an-
cient China. We make kinship data available by nor-
malizing kinships into three basic kinships. We infer
missing kinship instances and missing persons, and we
drop or correct 3,989 conflicting instances to ensure
that kinship data can generate correct family data. On
the basis of kinship data with 178,390 basic kinship

B
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instances, we construct family networks by more com-
plete family trees, which help us analyze the size of
families and intermarriages across families. The total
number of family trees is 29,423, the maximum depth
of a family could reach fifty generations, and the larg-
est family has 2,112 members. Statistics show that be-
tween 800 and 880 AD, the number of women’s
remarriages was the largest. We find 41,314 intermar-
riages between families and there are up to 8 intermar-
riages between two families. Without normalization, it
is difficult to construct relatively complete family trees,
while it is much less possible to quantitatively analyze
families and intermarriages.

In the future, with new data from CBDB, we will
conduct a deeper analysis on the family networks.
Second, matrilineal trees will be analyzed and com-
pared to patrilineal trees and other biographical data-
bases. Third, applying the proposed normalization and
reference techniques to other kinship databases. Of
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course, the kinship logic rules have to be adapted to
the languages’ kinship lexicon. In the case of modern
Chinese, most rules can be used directly, with the
transform from traditional Chinese to simplified
Chinese characters. And some rules need to be rewrit-
ten or revised.

Finally, we hope our normalization method can be a
benefit to the research on family data collection and
family network analysis.
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Notes

1. Harvard University, Academia Sinica, and Peking University,
China Biographical Database (April 24, 2018) https:/projects.
ig-harvard.edu/cbdb.

2. Butif A is the grandfather of B, and A is the father of X, then X
is not surely the father of B, may be B’s uncle.
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Appendix 1

The kinship chart of modern Chinese.
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KEY. M = mother
F = Father

USAGE: MZS stands for Mot

Appendix 2

The kinship words for the three basic kinship relations.

Kinship words English interpretation Kinship words English interpretation
% Father +F The tenth son

B} Mother +—7F The eleventh son

L5 Daughter +=F The twelfth son

R The first daughter +=F The thirteenth son
i’y The second daughter +IF The fourteenth son

= The third daughter +HTF The fifteenth son

704 The fourth daughter AT The sixteenth son

% The fifth daughter ++LF The seventeenth son
N The sixth daughter +I\TF The eighteenth son
+tZ& The seventh daughter +HF The nineteenth son
AS:S The eighth daughter —+7F The twentieth son
& The ninth daughter e The twenty-first son
+% The tenth daughter e e o The twenty-second son
+—% The eleventh daughter —t=7 The twenty-third son
+=% The twelfth daughter IS The twenty-fourth son
+=% The thirteenth daughter —+HT The twenty-fifth son
+ % The fourteenth daughter &8 The youngest son

Vs The only daughter FEF The illegitimate son
prpas The concubine’s daughter BAETFZARER The natural father of the illegitimate son
¥ Son RAET L R B The natural mother of illegitimate children
BT The only son ZZT The concubine’s son

W — SEAE 5T The survived son JETF The son of a concubine
A E—F The first son PN Husband

EHMET The survived son #E¥ Wife

VSR The second son B—ATE The first wife

=F The third son B AEE The second wife

Jy+ The fourth son FEATE The third wife

fi ¥ The fifth son HIUEE The fourth wife

NT The sixth son F—ELR The first husband

+F The seventh son FATR The second husband
I\F The eighth son LRI N The third husband
LF The ninth son ¥ Concubine
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