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5 David de la Croix, Matthias Doepke, Joel Mokyr, “Clans, Guilds, and Markets:
Apprenticeship Institutions and Growth in the preindustrial economy”, The
Quarterly Journal of Economics, 133.1(2018), pp.1-70.

6 James R. Farr. Artisans in Europe,1300-1914. (United Kingdom: Cambridge
University Press,2000), pp.20.
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" David de la Croix, Matthias Doepke, Joel Mokyr, “Clans, Guilds, and Markets:
Apprenticeship Institutions and Growth in the preindustrial economy”, The
Quarterly Journal of Economics, 133.1(2018), pp.1-70.

8 James R. Farr. Artisans in Europe,1300-1914, pp.84.

% James R. Farr. Artisans in Europe,1300-1914, pp.163.

10 Fernand Pignatel. “La Chevalerie du travail dans le passé et le futur”. In Le
Compagnonnage et la crise de civilisation du (XX)¢ siecle. Atlantis, No.246, 1968.
pp.332.
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11 Frangois Icher. Les Compagnons ou [’amour de la belle ouvrage. (Paris:
Gallimard,1995), pp.28-29.

2 Etienne Martin-Saint Léon. Le Compagnonnage : son histoire, ses coutumes, ses
réglements et ses rites. (Paris : Libraire Armand Collin ,1904), pp.20.

13 James R. Farr. Artisans in Europe,1300-1914, pp.207.
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14 Bernard Gallinato. Les Corporations a Bordeaux a la fin de [’ancien régime.
(Bordeaux : Presses universitaires de Bordeaux,1992), p.35.

15 Bernard Gallinato. Les Corporations a Bordeaux a la fin de I’ancien régime, p.37.

1 Henri Sée. La France économique et sociale au XVIlle siécle. (Paris : Libraire
Armand Colin,1925), p.101.
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17 Etienne Martin-Saint Léon. Le Compagnonnage : son histoire, ses coutumes, ses
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18 Etienne Martin-Saint Léon. Le Compagnonnage : son histoire, ses coutumes, ses
réeglements et ses rites., p.33.
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1% Frangois Icher. Les Compagnons ou I’amour de la belle ouvrage, p.34.
2 Frangois Icher. Les Compagnons ou l’amour de la belle ouvrage, p.33.
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2l Bernard de Castéra. Le compagnonnage. (Paris: PUF, 1988), p. 27.
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22 Etienne Martin-Saint Léon. Le Compagnonnage: son histoire, ses coutumes, ses
reglements et ses rites, p.48.
2 James R. Farr. Artisans in Europe, 1300-1914, p.216.
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2 Epstein, S. R., and Maarten Prak, eds. Guilds, Innovation and the European
Economy, 1400—-1800. (Cambridge: Cambridge University Press, 2008), p.9; James
R. Farr. Artisans in Europe, 1300-1914, p.146.
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%5 James R. Farr. Artisans in Europe,1300-1914,p.134.

% Lis, Catharina, Hugo Soly, and Lee Mitzman, “‘An Irresistible Phalanx:’
Journeymen Associations in Western Europe, 1300—1800,” International Review of
Social History, 39 (1994), pp.11-52.

27 James R. Farr. Artisans in Europe, 1300-1914, p.146.

2 James R. Farr. Artisans in Europe, 1300-1914, p.148.
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% 2B Compannonnage par les Compagnons du Tour de France, Présentés par
Raoul Dautry , "Présences" (Paris: Librairie Plon, 1954), pp.11-13.
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%0 David de la Croix, Matthias Doepke, Joel Mokyr, “Clans, Guilds, and Markets:
Apprenticeship Institutions and Growth in the preindustrial economy”, The
Quarterly Journal of Economics, 133.1 (2018), pp.1-70.

31 Epstein, “The Technology and Teaching of Shipbuilding: 1300-1800”, in
Technology, Skills and the Pre-Modern Economy in the East and the West, Jan
Luiten van Zanden and Maarten Prak, eds. (Boston: Brill, 2013), p.66.
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32 James R. Farr. Artisans in Europe, 1300-1914, p.278.

3 Laurent Bastard, “Jacques-Louis Ménétra un Compagnonnage vitrier au XVIIle
Siécle”, in Fragments d’histoire du compagnonnage Cycle de Conférences 1998,
p.28.

34 Justin Godart. Le Compagnonnage a Lyon. (Lyon: A. Rey, 1903), p.13.
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% Justin Godart. Le Compagnonnage a Lyon, p.14.
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Agricol Perdiguier. Mémoires d’'un compagnon. (Paris: Librairie du

Compagnonnage, 1964), p.84.

38 Agricol Perdiguier. Mémoires d 'un compagnon, p.90.
39 Agricol Perdiguier. Mémoires d’un compagnon, p.90.
40 Agricol Perdiguier. Mémoires d'un compagnon, p.90.
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42 Caron, Francois. Les Grandes compagnies de chemin de fer en France (1823-
1937). Librairie Droz, 2005.pp.15 ~ 23.
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46 Etienne Martin-Saint Léon. Le Compagnonnage : son histoire, ses coutumes, ses
réglements et ses rites, p.4.

47 Etienne Martin-Saint Léon. Le Compagnonnage : son histoire, ses coutumes, ses
réglements et ses rites, p.346.

“8 Etienne Martin-Saint Léon. Le Compagnonnage : son histoire, ses coutumes, ses
reglements et ses rites, p.9.

49 Bernard de Castéra. Le compagnonnage, p. 43.
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An Analysis of the Functions of French Compagnonnage

Abstract

Hu Xiaoyu

The Compagnonnage, which originated from corporation system
during the medieval age, has been inscribed onto UNESCO
representative list of the intangible cultural heritage of humanity in
2010. It was originally a network of mutual aid organization formed
by skilled craftsmen who had completed their apprenticeship while
traveling around France to make a living as a laborer. As the
corporations became more and more conservative in the later stage, the
compagnonnages began to take on the function of fighting against the
corporations and the masters to safeguard the rights and interests of
their members. During the French Revolution, the corporations were
abolished and withdrawn from the stage of history, and the
compagnonnages once became the most important worker
organization in the first half of the 19th century. However, due to many
reasons such as the mechanization of the capitalist economy and the
refined division of labor, the compagnonnages flourished and soon
declined. After two world wars, it came back to life, relaying
apprenticeship training on the basis of transmitting their traditional
organizational networks and customs. Furthermore, it has also changed
from a semi-secret organization to social and public education
departments in cooperation with relevant state departments such as

Ministry of Education and Ministry of Labour.

Key Words: France, compagnonnage, history, function, change.
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How can one visually represent the cheng 3% used by
the Pre-Modern Actor? Some discussions concerning
three-dimensional objects described in the Qin Z text
Shu B and later mathematical treatises™
Jia-Ming YING

Abstract

This study starts with an interesting solid cheng 1 in the
recently-discovered mathematical treatise Shu #{ written on bamboo
slips, to first reflect in general on how modern historians of
mathematics understand early East-Asian mathematical texts, and then
to discusses in particular how they visualise three-dimensional objects
in pre-modern Chinese mathematical texts as the pre-modern actor saw
them, especially about those solids mentioned in the Jiuzhang suanshu
J1LEHE 7 and the Shu. Modern scholars often rely, to some extent, on
works of pre-modern scholars, and their visualisations of three-
dimensional objects are usually done under the tacit assumption of
practicality. Under the same process, this paper also gives an
alternative interpretation of the shape of the cheng of the Shu for

further discussions.

Keywords: three-dimensional objects, the cheng 1 (rampart),
the Shu #; (Numerical Procedures), visual

representation, early-imperial China.

* The author wants to thank the two anonymous reviewers for their very constructive
comments and suggestions, which greatly improved the first draft of the paper.

* Associate Professor, Centre for General Education/Institute of History, National
Tsing Hua University.
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1. Introduction

For a solid that is only vaguely described in an ancient text, how
can an historian visually represent it so she could explain it to her
modern reader? Furthermore, how can she visually represent, or
reconstruct, it as hypothesis on those objects used by the pre-modern
actors or authors as close to the real object as possible in ancient times?
There might be some approaches to do that, and this paper aims to use
the cheng 3 (rampart) mentioned in Qin Z (221-207 BCE)
mathematical treatise Shu #{ (Numerical Procedures) as an example,
and give some reflexions.! The solids in this particular text can serve
as good examples because it is recently discovered (in fact purchased
on the antiquity market) and studied by scholars.

The beginning of the inquiry came from a question that puzzled
the author when reading Xiao Can’s ¥ doctoral thesis, which
includes transcription and commentary for the recently found Qin
mathematical treatise Shu.? The mathematical treatise, written on a
collection of bamboo slips more than two millennia ago, discusses,
among other topics, several three-dimensional solids and the
procedures to calculate their volumes, and one of the solids, the cheng,
seems interesting in its shape and procedure. Dr Xiao’s thesis provides
a diagram for that solid, as shown in Figure 1. The solid cheng is

actually mentioned several times in this collection, and Dr Xiao uses

! The author translated the title Shu not literally as “number” but as “numerical
procedures”, because, as the reader shall see later, that the text contains not just
numbers but a series of problems and numerical procedures for their solutions.

2 8¢ Shu (Number/Numerical Procedures), in Xiao Can #§J%. “Yuelu Shuyuan
cang Qinjian Shu yanjiu” FHE E[RE R () W5 (A study on Qin
mathematical bamboo text Shu in Yuelu Academy), PhD Dissertation. (Changsha:
Hunan University, 2010). Xiao Can’s PhD thesis was subsequently published as a
book: Xiao Can V8%, Yuelu Shuyuan cang Qinjian Shu yanjiu $FEE iR

(%1 W52 (A study on the Qin manuscript on bamboo slips Shu kept at the Yuelu
Academy). (Beijing: Zhongguo shehui kexue chubanshe, 2015). Also, there is some
new reading in abeut-the Shu in Zhu Hanmin 4&J%ER, and Chen Songchang [EifA
£ (eds.), Yuelu Shuyuan cang Qinjian HREEERTKZER (Qin Bamboo slips kept
in Yuelu Academy. (Shanghai: Shanghai cishu chubanshe, 2011). I will discuss the
diagrams in these publication about the solid cheng later in footnote 5.
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Figure 1 to explain the writings on slip no. 0456 of the collection,

which is transcribed as follows:®

BITR-I > TRII I EAI 2 »TA2F g2l
4

T ,,ﬁgzﬁg’g—ﬁ BALt e Ko Db

Il

The rampart [has] an upper width of 2 zhang, a lower width of 5
zhang, an upper length of 6 zhang 6 chi, no lower length, and a
height of 6 zhang 4 chi. [Its] volume in chi is 63360 chi. The

procedure says: with upper...°

LR

Figure 1. Diagram for the cheng in Xiao’s thesis®

3 Xiao Can, Yuelu Shuyuan Qin Jian Shu Yanjiu, p.98. The author generally agree
with Xiao Can’s transcription in modern Chinese about this particular procedure.

* The rest of the procedure might be written in another slip which was lost.

° The English translations in this paper of excerpts of the Shu are rendered by the
author.

6 Xiao Can, 2010, op. cit., p.98. The diagrams for the same solid on slip n0.0456 in
(Xiao, 2015) and in (Zhu and Chen, 2011) are identical to Figure 1. In fact, Zhu
and Chen tell the reader that the reading for the Shu in their collection was
delegated to Xiao Can. See Xiao, 2015, p.119; Zhu and Chen, 2011, Foreword and
p.141. Therefore, it is sufficient to discuss Figure 1 for the purpose of this paper.
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As the reader can see in Figure 1a reproduced by the author, if the
shape of the rampart is correct, the double dotted line may not
necessary be in the visualisation unless it represents its height, in which

case the upper face and the left face are not perpendicular.

i ey
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_ \ /1
mAXmRr \/ ||/>\
AN
Y IR
TERL

Figure 1a. A reproduction of Figure 1 highlighting the height

After reading more carefully about Dr Xiao’s explanations on this
solid, the author believed that the diagram for the cheng could be
drawn in a slightly different way from Figure 1. Some questions can

be asked following the reflexion on this diagram:

How can we visually represent a solid in an ancient text such as
the cheng? Furthermore, how does a modern historian of
mathematics know what a solid looked like if there is only simple

verbal description about the solid in the ancient texts?

It is the belief of the author that Xiao Can’s Figure 1 in her thesis

and some other diagrams in pre-modern texts can actually give us a
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chance to reflect on how we understand early East-Asian mathematical
texts in general, and how we visually represent three-dimensional
objects in particular as hypothesis on those used by the pre-modern
actors or authors. This paper shall first discuss the Shu and then some

other pre-modern mathematical texts to try to answer the questions.

2. How the Shu was understood by some historians

The Shu (Numerical Procedures), owned by Yuelu Academy of
Hunan University in China, is an ancient Chinese collection of writings
on mathematics approximately 6300 characters in length, written on
254 bamboo slips, and its dating should be no later than the thirty-fifth
year of the First Emperor of Qin dynasty (212 BCE). On the back of
one of the slips, no. 0956 in the collection, there is a character that can
be identified as the modern character “#{”, according to which the text
is named.’

Some parts of the contents might be easier to understand than
others according to the transcription of the ancient characters on the
bamboo slips. In fact, there are at least two kinds of cheng (with the
same character) described in the Shu, the second of which, found in

slip no. 0767, has a relatively simple procedure for its volume:®

Fepszoite (B ) TEA L2 > 0w Ffz o wAR

The procedure to find the [volume of the] rampart says: [Add the
upper to] the lower thickness, halve the result, and multiply it with
the length [and height], then it becomes the chi [of the volume].

Xiao Can inserts “Ff_[-” (add the upper to) into her transcription,

because in another slip, n10.0996, the cheng has both upper and lower

" Xiao Can, 2010, op. cit., pp.1-9.
8 Ibid., p. 86.
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thicknesses, and the numerical result of the calculation is consistent
with the procedure on slip no. 0767. The procedure suggests that the
shape of this cheng is a prism with trapezoidal base. This interpretation
is likely correct for the literal meaning of the character “I”.°

To understand the mathematics in other parts of the Shu that are
not so easy to interpret, we can compare it with other Chinese
mathematical texts dated not too far away from the time of the text,
such as the Suan Shu Shu 5 #{ZE (Writings on Reckoning, 186
BCE)!¥ and especially the classic Jiuzhang suanshu 1.5 Eff; (Nine
Chapters of Mathematical Art, first century CE).** This is exactly how
Xiao Can does in her works. She compares her translations with
existing research on the Suan Shu Shu and especially with the Jiuzhang
suanshu. Another team of scholars — the “Tongxun #H:H group”,
which is led by Horng Wann-Sheng jit& 4= in Taiwan — also tried to

understand the mathematical contents in the Shu according to Xiao’s

® The character for cheng also appears on slip no. 1747, but it seems to be used as
an adjective, for the solid is called chengzhi 11, which is translated as “rampart
base”. The procedure shows that the solid is a simple cuboid. See Ibid., p. 86-87.

10 For the Suan Shu Shu, refer to, for instance, Christopher Cullen, The Suan Shu
shii S88(E  ‘Writings on reckoning’: A translation of a Chinese mathematical
collection of the second century BC, with explanatory commentary. (Cambridge,
UK, Needham Research Institute, 2004). The title of the text is translated in
different ways by other scholars, most notably “A Book on Numbers and
Computations” by Joseph Dauben and “Writings on Mathematical Procedures” by
Daniel Patrick Morgan and Karine Chemla. See Dauben, Joseph, “Suan Shu Shu:
A Book on Numbers and Computations”, Archive for History of Exact Sciences 62,
2008, pp. 91-178; Morgan, Daniel Patrick, and Karine Chemla. "Writing in Turns:
An Analysis of Scribal Hands in the Bamboo Manuscript Suan shu shu 5585Z=
(Writings on Mathematical Procedures) from Zhangjiashan Tomb No. 247",
Bamboo and Silk 1, 2018, pp. 152-190.

1 The Jiuzhang suanshu, and Liu Hui’s commentaries on it in the third century, was
considered for centuries as the most important mathematical canon, and a paradigm
for the learned practice of mathematics in China. The importance of the canon and
the role it played in China are well described in the literature. For example, refer to
Karine Chemla and Guo Shuchun, Les neuf chapitres: Le classique mathematique
de la Chine ancienne et ses commentaires (The Nine Chapters: The Mathematical
Classic of Ancient China and Its Commentaries, Paris: Dunod, 2004).
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reading by comparing it to the modern understanding of the Suan Shu
Shu and the Jiuzhang suanshu.*®> The question in the previous section
came up while the author participated in the group’s reading of the Shu.
There are in fact many similar procedures among these three texts, so
it was not entirely impossible to understand the Shu according to the
contents of the other two texts. However, the problem about visually
representing a solid as the pre-modern actors did is not that easy to
solve. The Shu is written on bamboo slips. There is space for characters,
but geometrical diagrams are not seen in the text. The case for the Suan
Shu Shu is identical. The Jiuzhang suanshu is handed down to modern
readers through the written tradition, not archaeological excavation,
but what has been preserved contains no diagrams. In fact, none of the
mathematical diagrams made in China before the end of the first
millennium CE, if there had been such diagrams, survives to this day.*3

So, if we have to rely on our understanding of the Jiuzhang suanshu to

12° A part of the Tongxun group’s findings about the Shu is published in Su Yi-Wen
#R =%, SulJim-Hong &F{&7E, SuHui-Yu %52 F, et al., “Shu jia jiaokan (%)
R (A collation for the bamboo slips Shu), HPM Tongxun HPM #EEH 15.11,
2012, pp. 1-32.

13 There has been some research as to why this happened. For more in-depth
discussions, refer to Volkov, Alexei, “Geometrical diagrams in traditional Chinese
mathematics”, in F. Bray, V. Dorofeeva-Lichtmann and G. Métailié (eds.),
Graphics and Text in the Production of Technical Knowledge in China. (Leiden:
Brill, 2007), 425-459. Volkov’s hypothesis is that the political atmosphere in the
late first and the early second millenniums CE forbade the commoners to study
astronomy text, which contained many diagrams as mathematical texts did. So, the
safe way to avoid misunderstanding, if one wants to study mathematics, was to
copy books without putting diagrams in them. That was one possibility that
diagrams were not preserved. Another hypothesis was discussed in Chemla, Karine,
"Changes and continuities in the use of diagrams #u in Chinese mathematical
writings (third century-fourteenth century) [I]." East Asian Science, Technology,
and Society. An International Journal 4 2010, 303—326. Chemla suggests that prior
to the 10" or the 11" century, geometrical objects were represented materially in
mathematical practices that are documented in Chinese. This is another hypothesis
with respect to why there were no “figures inserted into writings” in early Chinese
mathematical texts.
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read other mathematical texts in early imperial China, and we have to
imagine three-dimensional objects in those texts as seen by the pre-
modern actors according to modern representations of the solids
mentioned in the Chinese classic, then we ought to explore how
modern historians produce those representations when they read the

Jiuzhang suanshu.

3. Solids in the Jiuzhang suanshu
Historians of mathematics certainly need to find ways to interpret
words about solids. Some of them are easy to reconstruct. For instance,
the question for the solid fang baodao F5HptE (square watchtower)

in the Jiuzhang suanshu is as follows:*

-

£33 P - R AR BRI R IR
=]

:3—4’-,\'}5‘2_1-2 °

s

e LS gk B R THE e

Suppose there is a square watchtower. The [side of the] square is
1 zhang 6 chi. The height is 1 zhang 5 chi. The question: What is
the volume?

The answer: 3840 chi.

The method: Multiply [the side of the] square by itself, and
multiply by the height. The result is the volume in chi.

After reading the question and the method, a modern historian of
mathematics probably does not need much help to make a diagram for
this cuboid-shaped solid, because its dimensions, fang 75 (the side of

e

a square) and gao 5 (height), are clear. However, there are other

14 See, for example, Guo Shuchun, Joseph Dauben, and Xu Yibao. Nine Chapters of
Mathematical Art. (Shenyang: Liaoning Education Press, 2013), Vol. II, pp. 508-
513.
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solids that have more complicated descriptions, at least to a modern

reader. The yanchu 3§ (tunnel into a tomb) is a good example.™
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Suppose there is a yanchu of lower width of 6 chi, upper width of
1 zhang, and depth of 3 chi; at the tip end the width is 8 chi, and
there is no depth; the length is 7 chi. The question: how much is
the volume?

The answer: 84 chi.

The method: Combine the three widths, multiply by the depth,
again multiply by the length, and divide by 6.

How can a reader who has never seen a yanchu imagine this solid
with three different widths? Looking into various pre-modern Chinese
texts, such as the Shiji Sz (Records of the Grand Historian, first
century BCE) and its commentaries, may show that the yanchu is a
tunnel into a tomb.'® A modern reader might need to observe some
excavated tomb tunnels from early imperial China and investigate the
given dimensions in the text to have some idea about the shape of the
yanchu.

The modern historian certainly receives little help from the

mathematical texts from the first millennium CE if she wants to see

15 That a yanchu can be seen as a tunnel into a tomb is suggested in Liu Hui’s
commentary. The character 5% is generally read as xian, but scholars believe that
for this term the character should be pronounced yan, meaning “continuation” or
“extension”. Chu [ can be used to mean track or tunnel, sometimes into a tomb.
See ibid., pp. 558-563.

16 Jbid., p. 560.
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how pre-modern authors drew the yanchu, or the cheng in the Shu
mentioned in the beginning of this paper.}” So, what about the visual
representations of solids used by pre-modern actors or authors in

Chinese mathematical texts in the second millennium CE?

4. Visual representations of three-dimensional objects
in pre-modern Chinese mathematical texts
in the second millennium CE*®

There are actually not many diagrams for three-dimensional
objects that one can find in the mathematical works in the beginning
of the second millennium. Existing Song-Yuan (tenth to fourteenth
centuries) texts cover diversified topics in mathematics, including
those about measurement, engineering and construction that might
involve three-dimensional objects in their problems and procedures.
However, most texts contain no visual representations of solids. The
famous Ce yuan haijing M| 8] /& % (Sea Mirror of Circle
Measurements, 1248) and the Yigu yanduan 7558 ES (Development
of Pieces [of Areas][according to the Collection] Augmenting the
Ancient [Knowledge], 1259), written by Li Ye Z=)& (1192-1279),
contain only diagrams for two-dimensional objects.!® For those texts

that actually have visual representations of three-dimensional objects,

17" As mentioned in Footnote 13, Chemla suggests that there might not be any figures
in Chinese mathematical texts of the first millennium, because geometrical objects
were represented materially in mathematical practices. In fact, Liu Hui mentions
operations with gi %, three-dimensional solid models used to justify the formulas.
See Guo Shuchun F[FE#H, Zhongguo kexue dianji tonghui: Shuxue pian FEF}
B B2 E (Sources materials of ancient Chinese science and
technology: Mathematics section). (Zhengzhou: Henan Jiaoyu Chubanshe, 1993),
Vol. I, p. 142.

18 A significant portion of the contents in this section is reported in Ying(2019).
However, for the sake of a complete argument and providing necessary information
in this paper, the author re-organises some parts of the paper and puts them in this
section.

1% Guo Shuchun, op. cit., Vol. I, pp. 725-942.
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such as the Shushu Jiuzhang $5E 15 (Mathematical treatise in nine
chapters, 1247), although some of the pictures are closer to a depiction
of three-dimensional figures than others, almost all pictures are
“contextualised”, that is, they often depict details of real-world
objects.?’ The parts of a picture that are mathematically relevant to the
problem only take a small portion of the entire picture, as can be seen
in the two pictures of Figure 2 from the Shushu Jiuzhang, which give
little help for representing the more basic solids mentioned in the
Jiuzhang suanshu or the Shu.

The works of Yang Hui 15t and those of Zhu Shijie <ttt
written in the thirteenth and fourteenth centuries also contain a rich
variety of representations of two-dimensional objects such as different

shapes of fields as well as representations for root-extraction processes,

20 For a translation and discussion on the Shushu Jiuzhang, refer to Libbrecht, Ulrich,
Chinese Mathematics in the Thirteenth Century: the Shu-shu chiu-chang of Ch ‘in
Chiu-shao. (New York: Dover, 1973/2005).

2L Ibid., pp. 943-1280.
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g 2

Figure 2. “Contextualised” diagrams in the Shushu Jiuzhang®?

Systematic representations of basic, and less “contextualised”,
solids appeared later in the Ming Dynasty (1368-1644). Wang Wensu’s
T ZE (1465-?) Suanxue baojian HEEEF§E (Precious mirror of
mathematics, 1524) is one of the earliest Chinese mathematical texts
with a huge number of visual representations of three-dimensional
objects. This treatise is a relatively large work, with 42 volumes and
more than 1200 problems.?® In this text, there are more drawings of
real-world objects such as Figure 3, and there are also “de-
contextualised” representations of basic solids with the same names as
those in chapter five of the Jiuzhang suanshu, such as the ones in

Figure 4.

£ OER SRR Ay SR

Figure 3. Drawings of real-world objects in the Suanxue baojian®*

22 Guo Shuchun, op. cit., Vol. 1, pp. 521, 533.

3 Xu Xuejen T, “Mingdai suanshu Xuanxue baojian neirong fenxi” HH(LE
E(EEEE YNBSS 17 (An analysis of Ming Dynasty mathematical text Precious
mirror of mathematics), Master Dissertation. (Taipei: National Taiwan Normal
University, 1997).

24 Guo Shuchun, op. cit., Vol.2, pp.603-604.
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Figure 4. Representations of the chumeng 3% and the giandu 3%

in the Suanxue baojian®
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Figure 5. Visual representations of three-dimensional objects in the Qiandu celiang

that are mentioned in chapter five of the Jiuzhang suanshu®®

5 Jbid., pp. 609, 904. A chumeng, or “fodder loft”, is a right wedge with rectangular
base, and a giandu, or “moat-wall”, is a right prism with right-triangular base. See
Donald B. Wagner, “An early Chinese derivation of the volume of a pyramid”,
Historia Mathematica 6 (1979), pp. 164-188.

% Guo Shuchun, op. cit., Vol.4, pp.660-661.
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Similar “de-contextualised” representations of chumeng, bienao
UERE, fangtai 72, chutong ¥, and giandu can also be seen in
Mei Wending’s Qiandu celiang #13% | & (Measurement of the
Qiandu [prism], between 1701 and 1705), as shown in Figure 5.2

Two points worth noting can be considered here. First, although
the Jiuzhang suanshu and its more important commentaries were not
generally available in China since the 15% to the early 18™ centuries,
scholars such as Wang Wensu and Mei Wending seemed to have some
knowledge of the contents of the ancient classic, which suggests that
parts of the mathematical knowledge in the Jiuzhang suanshu, if not
most of its verbal and visual contents, managed to be preserved in the
collective memory of pre-modern Chinese scholars.?® Second, the
visual representations of three-dimensional objects in the Suanxue
baojian and the Qiandu celiang are rather similar, as seen in the case
of the chumeng in Figures 4 and 5. If one further examines the verbal
contents of the same three-dimensional objects in the two texts, one
would also find certain similarities. In fact, the prism with trapezoidal
base called cheng in the Shu, the cheng in the Jiuzhang suanshu, and
the cheng in the Suanxue baojian, all have the same name as well as
the same volume formula. It is interesting to see such a consistency of
using the same name to call the solid with the same volume formula

over a period of nearly two millennia.

21 A bienao, or “turtle’s shoulder-joint”, is a pyramid with right-triangular base and
with one lateral edge perpendicular to the base. The perpendicular edge is not to be
at the right-angled vertex of the base. A fangtai, also called fangting 75 =
(“square pavilion”), is a truncated pyramid with square base. A chutong, or “fodder
boy”, is a truncated right pyramid rectangular base. See Wagner, op. cit.

2 One hypothesis about how Mei Wending seemed to have knowledge about the
Jiuzhang suanshu is that he might have access to the Yongle Dadian 7k %4K Hi
(Great Encyclopaedia of the Yongle Reign, manuscript assembled in the early
fifteenth century), which contains the ancient mathematical classic.
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The consistency went on after the Jiuzhang suanshu was
generally unavailable by the fifteenth century in China and then
recovered in the late eighteenth century.?® Li Huang’s Z27# (?-1812)
understanding seemed to be consistent with his predecessors in
Chinese mathematics about the same solids as seen in chapter five of
his Jiuzhang suanshu xicao tushuo J1EE {74l 5 ElER (Detailed
calculations and pictorial explanations for the Nine chapters of
mathematical art, 1812), and modern scholars such as Guo Shuchun
Zh&E: % believe that the diagrams, including representations of solids,
are the best pre-modern ones reflecting the deep mathematical
knowledge of the original contents and Liu Hui’s commentaries of the

Jiuzhang suanshu.>

5. Modern representations of three-dimensional objects
in the Jiuzhang suanshu

The Jiuzhang suanshu has been thoroughly studied by modern
historians, whose works form what we know about the ancient classic.
Some of the works only provide verbal explanations of its contents,
while some others also produce visual representations of three-
dimensional objects mentioned in the ancient classic. Qian Baocong
PREEE (1892-1974) and Mikami Yoshio = _FZF (1875-1950) are
two of the earliest modern historians who studied the Jiuzhang suanshu,
but they only gave their interpretations in words, not in diagrams. And

they did not specify which, if any, pre-modern works they relied upon

2 On the recovery of the Jiuzhang suanshu in China, see, Guo Shuchun, “Chapitre
C - Travaux d'édition critique et de recherche sur Les Neuf chapitres”, in Chemla,
Karine, and Guo Shuchun, Les neuf chapitres: Le classique mathematique de la
Chine ancienne et ses commentaires (The Nine Chapters: The Mathematical
Classic of Ancient China and Its Commentaries). (Paris: Dunod, 2004), pp. 71-98.

30 Guo Shuchun, op. cit., Vol.4, p. 945.
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to understand the classic.! Based on their works, Donald B. Wagner,
one of the earlier modern sinologists who systematically studied the
solids in the Jiuzhang suanshu, gives his own diagrams of all basic
solids in its chapter five.3? Before the publications of a complete
translation of the ancient classic and commentaries into modern
languages, Wagner’s works on Liu Hui’s reasoning about the volumes
of the solids helped many modern scholars understand the solids and
how they can be visualised as well. Wagner’s interpretations of those
solids in the Jiuzhang suanshu are generally consistent with the same
solids in Wang Wensu’s and Mei Wending’s works.*?

One of the most important modern researchers of the Jiuzhang
suanshu is Guo Shuchun, who provides detailed collations and

explanations to various versions of the classic. ** He also, not

81 Qian Baocong $8E5¥7, Jiuzhan suanjing dianjiao J1ZE LB (A collation
for the Nine chapters of mathematical canon). (Beijing: Zhonghua Shuju, 1963;
Taipei: Jiuzhang Chubanshe, 1984); Mikami Yoshio, The development of
mathematics in China and Japan. (Leibzig: B. G. Teubner, 1913; New York:
Chelsea, 1961).

32 Wagner, op. cit. Another related publication by the same author is Wagner, Donald
B., “Liu Hui and Tsu Keng-chih on the volume of a sphere”, Chinese science 3,
1978, pp. 59-79. These two publications are based on his Master thesis: Wagner,
Donald B., “Proof in ancient Chinese mathematics: Liu Hui on the volume of
rectilinear solids” (Unpublished Master thesis. Copenhagen: University of
Copenhagen, 1975).

33 Alexei Volkov published an article about analogical reasoning in early Chinese
mathematics, using the yanchu as the main example and gave his own visual
representations for the solid, which is generally consistent with those given in the
works of other scholars mentioned in this paper. See Volkov, Alexei, "Analogical
reasoning in early Chinese mathematics", in Ivan Gros and Thierry Lucas (eds.),
Logos et Analogia: La pensée analogique entre Orient et Occident. (Louvain-la-
Neuve: Academia-I’Harmattan, 2018), 137-57. Also refer to the following work for
more discussion of the yanchu: Volkov, Alexei. "Transformations of geometrical
objects in Chinese mathematics and their evolution", in Viviane Alleton and Alexei
Volkov (eds.), Notions et perceptions du changement en Chine. (Paris: College de
France, Institut des Hautes Etudes Chinoises, 1994), pp. 133-48.

3 Guo Shuchun’s works are mostly in Chinese, but he also publishes in French with
Karine Chemla (Chemla and Guo, 2004) and in English with Joseph Dauben and
Xu Yibao (Guo, Dauben, and Xu, 2013). These works also help scholars in the West
to understand the ancient classic. Kawahara Hideki JI|J& 35 3 provided a
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surprisingly, gives visual representations of almost all the solids in the
classic in several of his publications. As mentioned before, Guo
believes that Li Huang’s diagrams for three-dimensional objects are
the best ones that were produced by pre-modern scholars. For instance,
Li reconstructed the three-dimensional diagrams necessary to
understand the calculation of the volume of the sphere and those for
several rectilinear solids in the commentaries for chapters four and five
in the ancient classic. ®® Naturally, some of Guo’s own visual
representations of solids in chapter five, such as those about the yanchu,
are quite similar to Li Huang’s, as evidenced by Figures 6 and 7.

As can be seen, when modern scholars produce their visual
representations of three-dimensional objects in the Jiuzhang suanshu,
they are often influenced by pre-modern visualisation, as shown in the

case of Guo Shuchun and Li Huang.
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Figure 6. Li Huang’s diagrams for the explanation of the volume of the yanchu®

Japanese translation for the Jiuzhang suanshu. See Kawahara Hideki, Ryuki chi
Kiisho sanjutsu BIEEEJLE BT (The Jiuzhang Suanshu commented by Liu
Hui), in Yabuuti Kiyosi #N& (ed.), Kagaku no meicho T} D3 (Great
Books of Science), vol. 2. (Tokyo: Asahi, 1980), pp. 75-264.

%5 Guo Shuchun, op. cit., Vol.4, pp. 1038-1066.

36 Ibid., pp. 1059-1060.
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Figure 7. Guo Shuchun’s diagrams for the explanation of the volume of the

yanchu®

6. Back to the Shu

To understand the Shu, scholars are inevitably faced with the
problem of comparing it with the Jiuzhang suanshu. To compare three-
dimensional objects as ancient actors or authors saw them, it is natural
to try to visualise them. Prior scholarship has established reliable
understanding of the contents of the ancient classic, based on
independent studies or pre-modern works which belong to a long-
standing and, to some extent, consistent knowledge about the Jiuzhang
suanshu. Therefore, it is possible to make sense of the verbal contents
of the Shu with received scholarship of the Jiuzhang suanshu, and to
try to visualise the solids according to pre-modern diagrams of similar
solids.

Returning to the term cheng, the name does apply to at least two
kinds of solids on slips no. 1747, 0996, and 0456. Karine Chemla has
argued that in ancient China what used in to identify a solid was not
simply the name of the solid, but the names of the dimensions of the

solid.® This may explain why the term cheng can refer to different

37 Guo Shuchun, Gudai Shijie Shuxue Taidou Liu Hui T5{CH 5822 L 2
(An authority of mathematics in the ancient world — Liu Hui), (Jinan: Shandong
Kexue Jiaoyu Chubanshe, 1993; Taipei: Mingwen Shuju, 1995), pp. 211-212 in
1995 edition. Also see Guo Shuchun, Jiuzhang Suanshu Yizhu J1ZETEFE (A
translation and collation for the Nine chapters of mathematical art), (Shanghai:
Shanghai Guji Chubanshe, 2009), pp. 199; 201-202. These diagrams provide
considerably more details for the yanchu than earlier studies did, such as Wagner
(1979).

3 The term for the right-angled triangle, gougu %%, is a good example, for in
classical Chinese the shape is defined by its two legs gou and gu. For other planar
shapes and three-dimensional solids, we might need to check not only their names
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shapes. For the cheng on slip no. 0456, it has upper and lower widths,
an upper length but no lower length, and a depth. If one considers the
names of its dimensions, it would seem that it is a form of yanchu
mentioned in the Jiuzhang suanshu, with the tip-end width equal to the
upper width. The numerical volume written on slip n0.0456, and Xiao
Can’s calculation, confirm this conjecture.®® Also, the three key
dimensions guang & (width), mao ZZ (length) and either shen %%
(depth) or gao = (height) refer to perpendicular dimensions, so it is
clear that the faces should be perpendicular. Hence, this cheng should
be visualised as a yanchu, as in Figure 8, which is the author’s own

visualisation.

Figure 8. A possible visualisation of the cheng on slip no. 0456 of the Shu

but also the names of their dimensions to know exactly how they look like. See
Chemla, Karine. "Chapitre D: La langue mathématique des Neuf chapitres et les
problémes de sa traduction. Oscillations entre I'étrange et 1'infidéle", in Chemla and
Guo, 2004, pp.99-119.

3% Xiao Can, 2010, op. cit., p.98.
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7. Concluding Remarks

This author visualises the cheng on slip no. 0456 of the Shu as a
form of the yanchu in Figure 8, and in this visualisation, the left face
is perpendicular to the upper face. But if the reader compares the
author’s visualisation with Xiao Can’s, there is a clear difference. In
Xiao’s diagram the two faces are not necessarily perpendicular to each
other. In fact, the text in the Shu does not really suggest the two faces
need to be perpendicular, nor does the main text of the Jiuzhang
suanshu suggests that the face which includes upper and lower widths
must be perpendicular to the upper face that includes the upper width
and that at the tip end. Even if they are not perpendicular to each other,
the volume formula is not changed. Xiao Can’s diagram shows another
kind of arrangement of the faces, and also inspired the author to
consider the possibility that some modern and pre-modern scholars
may hold a tacit assumption when they try to visualise the solids: the
shape of those solids might reflect feasibility or practical needs in real
world. The author agrees with that assumption. Some of the solids
might actually have real-world applications. A tunnel into an
underground tomb should have those two perpendicular faces, because
the upper face can be part of the flat ground, and the vertical face is
where it joins the tomb. But if an ancient author wanted to discuss
some imagined solid, a modern reader might not know it from mere
verbal description, because mathematically the volume formula in an
ancient text can be identical to that of a real-world object. So, we could
still hold this tacit assumption of practicality and visualise it
accordingly.

This paper generally discusses how modern scholars visualise
three-dimensional objects in pre-modern Chinese mathematical texts

as pre-modern actors or authors saw them, especially those solids in
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the Jiuzhang suanshu and in the Shu. Modern scholars often rely, to
some extent, upon works of pre-modern scholars in their understanding
of solids, and those visualisations are usually done under the tacit
assumption of real-world feasibility for the shape of the solids. This is
one result of this paper. Moreover, under the same process, this paper
gives an alternative interpretation of the shape of the cheng on slip no.
0456 of the Shu, as shown in Figure 8, as the second result. The field
of pre-modern East-Asian geometry in general, and the actual looks of
many solids in particular, include interesting topics and still need

further research in the future.
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Who wore Huocao cloth? Study on the Images of Ethnic
Group Wore Huocao Cloth in Ethnic Albums Qing
Dynasty
ZHANG Xueyu
Institute for History and Culture of Science and Technology
Guangxi Minzu University

zhangxueyu0821@163.com
ABSTRACT

Huocao cloth is made from white, fluffy, layered fibers woven on the backs of
the leaves of Gerbera delavayi Franch., which is the original creation of minority
nationalities in southwest China, and has a documented history of more than 500
years. In the Qing Dynasty, dianyi albums recorded Luowu, Woni and Maicha wore
huocao clothes. Luowu has three images of multiple labor, double standing and
single herder, Woni and Maicha has one images of double standing. The results of
the same image show that most of the clothes and pictures are different from each
other, and most of the living environment is interlinked. The drawing strategy of the
writer successfully guides readers to focus on the identity of the characters in the
picture, and reflects the text selectively in the picture. The picture and text together
constitute a context in which others can "witness" the ethnic group. The images and
texts of the Qing Dynasty ethnic albums are derived from Ming Dynasty documents
and Qing Dynasty observations The results of the cross-examination of different
images show that the images of Luowu are continuous with changes, while the
images of Woni and Maicha are not consistent. Huocao cloth became the "technical

marker " of Luowu used by Qing Dynasty. Which means ethnic group wearing
huocao cloth goes through identification and de-identification in the cognition of
others in the Ming and Qing Dynasties. The three images of Luowu also show that
after the middle Qing Dynasty, Luowu realized the de-barbarization in the
understanding of others.

Key words: Ethnic albums, Huocao cloth, Luowu, image, technical marker
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Western Technologies and Industrial Development in
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