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Introduction

The Suan shu shii F£EJE is an ancient Chinese collection of writings on
mathematics approximately seven thousand characters in length, written on 190
bamboo strips. It was discovered together with other writings in 1983 when
archaeologists opened a tomb at Zhangjiashan RZR 1L in Habéi j#dk province.
From documentary evidence this tomb is thought to have been closed in 186 BC,
early in the Western Han ;& dynasty. The occupant of the tomb - whose name is
unknown to us - appears to have been a minor local government official, who had
begun his career in the service of the Qin & dynasty, but started work for the Han
in 202 BC: see Péng Hao (2001) 11-12. The Sudn shu shii is anonymous, in the sense
that we do not know the name of the person who assembled this material. A few
sections of text are however marked with the common surnames Wang F and

Yang 15; whether these persons were merely scribes or were the actual authors of
mathematical material is not clear.

The work discussed here was not the only one deposited in this tomb: in addition
to material containing administrative regulations there were also writings on
medicine and therapeutic gymnastics, all of which have been published and widely
discussed elsewhere. The Suan shui shii itself is certainly the oldest Chinese
excavated text with substantial mathematical content. Moreover, it is considerably
older than any other Chinese mathematical text now extant. Its role in the history
of East Asian mathematics is comparable to that of the Ahmose (or Rhind) papyrus
in the history of the mathematics of the ancient cultures bordering on the
Mediterranean (see Chace (1979) and Gilling (1972)). The importance of the Sudn
shushii for the history of world mathematics is therefore indisputable.

I present here a translation of this material into English, together with a detailed
commentary. This translation is based on the critical edition of the text which I
have prepared on the basis of the published photographs of the strips in
Zhangjiashan (2001). I have naturally prepared this publication with all the care
and attention I could manage; however, after having carried out such a complex
task it seems a good idea to pause long enough to allow specialist colleagues to
suggest improvements and make criticisms, before committing the result to
publication in final form. Another important consideration is that at the time this
translation was completed scholars were awaiting the publication by Karine
Chemla and Guo Shiichiin 8 4 #F of a new French translation of the earliest
Chinese mathematical text known to us before the discovery of the Suan shu shi.
That is the Jiti zhang suan shu JLEEELT, ‘Mathematical procedures under nine
headings’ or ‘Nine chapters on mathematical procedures’ - commonly known
amongst Western scholars as the ‘Nine Chapters’. This work is usually thought to
have reached its final form around the first century AD, and has a number of
parallels of content with the Sudn shu shi. I cite the Nine Chapters frequently in my
commentary,and I have no doubt that my translation will benefit from comparison
with the work of Chemla and Guo. Subsequent revisions of points of detail may
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take some time, although I believe that the version I offer here is already a
generally fair and accurate representation of the nature and content of the Suan
shut shii collection.

So far as introductory material is concerned, I have confined myself here to the
minimum discussion of context necessary to relate the Suan shu shii to what is
already known of ancient Chinese mathematics. I have said even less by way of
intercultural comparison. Such matters will be more fully discussed in a
substantial article I have prepared for journal publication. Meanwhile, given that
it is already over twenty years since the tomb at Zhangjiashan was opened, I see no
reason why historians of mathematics in general should not have access to this
material without further delay. I therefore use the opportunity presented by the
inauguration of the Needham Research Institute Working Papers series to make my
work available for consultation and criticism.

I should like to offer my warm thanks to colleagues who have helped me bring this
project to its present stage, whether through practical help or through scholarly
advice. In alphabetical order, these certainly include Susan Bennett, Karine
Chemla, Catherine Jami, Geoffrey Lloyd, Niu Weixing, and Nathan Sivin. I hope
that all readers of the present publication will let me have their suggestions for
improvement.

The historical context of the Sudn shut shii

Historians of mathematics who are not specialists in China may find it useful to
read a few words of general historical introduction to the world in which the Suan
shui shii was compiled. There are of course many books on Chinese history that can
be consulted for more detail, such as the relevant volumes of the authoritative
Cambridge History of China.

China is often spoken of, not least by Chinese people, as having a culture whose
roots are very ancient. This is however true only in the sense that amidst the
major states of the modern world it is China that has the best claim for some
effective cultural continuity through the changes of the last two millennia. We may
dispute how dark the so-called ‘Dark Ages’ of western Europe really were, but
pre-modern China certainly had no period of radical cultural, social and political
disruption comparable to what happened (for instance) in post-Roman Britain.

But notwithstanding that, China as a unified and centrally governed imperial state
is not very old compared to (say) the cultures of ancient Mesopotamia. The first
emperor who unified the Chinese world under his government took the throne of
his short-lived Qin & dynasty in 221 BC. For the first time most of what is now
modern China was governed by a civil service responsible to one man at the centre
of things. For the preceding five centuries there had been no entity with a realistic
claim to hegemony over the multitude of aristocratically governed feudal states
into which China was divided. When we do go back far enough to find such a claim
being realistically maintained, the hegemony of the rulers of the Western Zhou &
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kingdom (c. 1045 BC - 771 BC) was nothing like as strong, fine-meshed and direct as
that which the Qin inaugurated. And whereas the rule of the Zhou kings over most
of their territory was exercised indirectly through hereditary feudal vassals, the
career officials appointed by Qin as governors of provinces and magistrates of
counties reported direct to the emperor, and continued in office only subject to his
approval.

So the world of the Qin was a new world, a world in which China as we see it today
is for the first time discernible. After the Qin, the Han j& dynasty (206 BC to AD 221)
ruled for more than four centuries. This dynasty is normally spoken of as divided
into the Western (or Former) and Eastern (or Later) Han, separated by the

interlude of the abortive Xin #f dynasty set up by a former Han minister from AD 9
to AD 23; these names are derived from the shift of capital from Chdng’an (modern
XT'an &) in the west to Ludyang ;&R in the east.

Under the Han emperors a new class, the scholar-official gentry, grew up to serve
the needs of the empire for competent and ideologically reliable administrators.
The qualifications for their jobs included literacy, numeracy, and familiarity with
an increasing mass of government regulations, but also the mastery of a core
curriculum of ancient texts embodying the moral basis by which the emperors
claimed to rule - what are now called the Confucian classics. The rich grave-goods
in their tombs are witness to the prosperity brought to them by service to the
emperor. For us today, the most significant point about Han funerary practices is
that for at least the first two centuries of the dynasty officials were often buried
with collections of books to take into the next world. Now before such collections
began to be excavated in recent decades, there were only two ways of studying
ancient Chinese literature. One was to rely on the texts transmitted to us initially
through scribal copying and then from about 1000 AD through printing. The other
was to look at the lists of titles in ancient bibliographies, in many cases referring to
books now utterly lost. But now we can read the some of the actual writings that
Han scholars read two thousand years ago. The Suan shu shi is one of those.

The nature and origins of the Suan shu shii: a sketch

At the time of completion of this material, I have in draft a major article on the
question of the origin, nature and significance of the Suan shu shii. Pending the
publication of this, I shall give here only an outline sketch of the main points in my
views of these questions, omitting most detailed argument and citation of
evidence.

(a) Content

Firstly, let us consider a summary of the contents of the present collection, as
tabulated below. The ‘Groups’ identified here are formed on my own editorial
initiative. It must be recalled, however, that the ordering of the strips as presented
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in my text and translation is not necessarily close to the ancient order, but follows
the arrangement proposed by modern Chinese editors from Péng Hao onwards on
the basis of the topics covered. As a result my groupings are only useful as a
modern analysis of the content of an ancient collection that may have been quite
differently ordered. I have added in the final column a note of the sections of the
Nine Chapters which parallel parts of the Suan shii shii .

GROUP SECTIONS |CONTENT PARALLEL CONTENT
IN NINE CHAPTERS
Group 1: Elementary 1-8  [Multiplying fractions; simplifying [1: Fang tidn 75 H

operations

fractions; adding fractions.

Group 2: Sharing in
proportion;
progressions

9-17

Division of a mixed number by a
whole number; subtraction of a
fraction from a mixed number, and
of one fraction from another;
division of a common pool of profit
or liability in ratio of contrbutions;
the case of contributions in
geometrical progression;
restoration of an original amount
repeatedly diminished in a given
proportion to produce a given
result; value of given amount of
commodity, given a unit price.

1: Fang tidn J5 H
3: Culfen B
6: Jiin shi 3388

Group 3: Wastage

18-19

Amount to be allowed to obtain a
given amount of product in a
process involving wastage; amount
of wastage from a given initial
amount.

3: Culfen B

Group 4: Sharing,
contributions and
pricing.

20-26

Sharing; reaching a total through
contributions at different rates;
cost of some quantity from price of|
a given amount; interest payable
for given time on basis of monthly
rate.

6: Jin shi Y38
3: Culfen B

Group 5: Changes in
rates

27-29

Correcting error in tax rate;
change in product from different
amount of raw material; change in
amount of tax given change in
taxable amount.

Group 6: Rating by
unit

30-33

Calculation of unit rate from price
of given amount; ingredients in
mixture of given total amount.

2: Sumi FEK
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Group 7: Wastage 34-37 |Allowance for wastage in drying; [2: Sumi 3K
and equivalents exchange of one commodity for |3, Cul fen B9
another.
Group 8: Allowing for| 38-39 [Dealing with use of incorrect tax |-
mistakes rate by changing nominal area of
field.
Group 9: Converting 40-47 [The use of standard ratios to 2: Siumi /A
grains calculate amount of one type of
grain equivalent to another type,
or amount of product when grain
is processed; problems of sharing
and mixing involving grains.
Group 10: 48-51 |Calculation of a rate of unit 6: Jun sha Y8
Rationalising and production from rate at which
checking tasks parts of production task are
completed; expected production of
processed from raw silk; checking
time taken for journey from
cyclical days.
Group 11: Rule of 52-54 [Use of Rule of False Position to 7: Ying bii zid BB
false position solve problems of sharing and
mixtures, and extraction of
approximate square root.
Group 12: Shapes and| 55-61 |Calculation of the volume of 5: Shang gong &N
volumes various 3-dimensional shapes.
Group 13: Circleand | 62-64 [Relative dimensions of a square  |(But note the brief
square and its inscribed circle. reference in the Zhou
bi, in Lit and Guo
2001, 35-36)
Group 14: Sides and 65-69 [Calculation of unknown side of 1: Fang tidn 75 H

areas with mixed
numbers

rectangle, given area and one side;
divisions involving the sum of
several different unit fractions;
multiplication of mixed numbers;
interconversion of area units.

4: Shdo gudng ‘D&

Although the content of the Suan shu shii is clearly quite closely related to that of
the Nine Chapters (a topic that will be resumed later), the two texts are far from
identical in coverage. In the first place, we may note that certain broad
mathematical topics included in the Nine Chapters are completely absent from the
Suan shu shii. From the table it is evident that there are no major parallels with the
last two of the Nine Chapters:
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8: Fang chéng F5%%; this deals with what in modern terms would be called the
solution of sets of linear equations in several unknowns, using methods equivalent
to determinants.

9: Gou gii TJP%; all the problems in this chapter involve applications of the
Pythagoras theorem.

There are no indications of a knowledge of such techniques in the Suan shu sha.
Other significant omissions are also evident. Taking the Nine Chapters in order, we
may identify major absences from the Suan shu shi as follows.

Chapter [Section of Nine Chapters Omitted by Suan shit sha

1 [5H Fang tidn ‘Rectangular fields” [Mean value of a group of fractions;
areas of plane figures other than
rectangles and circles (such as
triangles); areas of spherical caps.

2 [BEK sumi ‘Millet and rice’ Problems of finding combinations of
prices of goods purchased in one lot.

3 [E4%3Cuifén ‘Proportional distribution’  [No major omissions.

4 D& Shdo gudng ‘The lesser breadth’ Algorithm for extraction of square
roots; algorithm for extraction of cube
roots; volume of sphere.

5  |&Th Shang gong ‘Consultations on works’ [Volumes of ydngmd 35§ and biendo
= (special forms required for
systematic application of Lid Hul's
volume dissection techniques);
volume of square pyramid (although
the more complex chiitong 2388, a
frustum of a rectangular pyramid, is
treated, as is the circular cone).

6  |FYJ8 Jiin shii ‘Equitable transport’ The conspicuous omission here is the

basic concept of Jun shi “equitable
transport” itself, that is the
administrative technique of
apportioning tax liability by taking
account of population and the
distance over which the delivery of
tax has to be made. As is well known,
arrangements of this kind date back

no further than 110 BC under Han
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Wdi. Apart from the extensions of
the Jun shi principle to the fair
sharing of labour tasks, other
omissions include problems of pursuit
and mutual approach, for instance by
travellers at different speeds.

7 |BARE Ying bu zii ‘Excess and deficit’ No major omissions.

8 [ Fang chéng ‘The rectangular array’ |Absent.

9  |@&Ifg Gou gii ‘Base and altitude’ Absent.

There are no mathematical procedures used in the Suan shu shii that are not
discussed in the Nine Chapters. On the other hand, one particular problem type in
the Suan shu shii does not appear in the later work, and that is the “error
correction” problem seen in Group 8. Likewise the frequent references to the
chéng 2 “Norm” in the Suan shii shii are not typical of the Nine Chapters. They do
however strongly recall the flavour of the Qin administrative regulations
recovered from the Shuihuidi BERE I Qin tomb which are discussed by Hulsewé
(1985), and indeed section 36 on the conversion rates between different types of
grain is largely word for word identical to parts of the Qin text: see Shuihtidi (2001),
29-30, and Hulsewé (1985) 61 on ‘norms’.

(b) The problem of the Nine Chapters in relation to the Suan shu shd

Clearly the Suan shu shi is sufficiently different from the Nine Chapters to cause us
to hesitate about treating each book as simply a different recension of the other. In
addition, there is a further aspect which does not emerge from a tabulation of
content, and that is the aspect of form and style. From the points in my
translation where examples from the Nine Chapters are cited as parallels to the
Suan shu shi, it becomes obvious that the Nine Chapters is a highly regularised text
in which we meet the same small-scale patterns of text (such as the sequence
problem/result/method) and even the same wording over and over again. In the
Suan shui shii on the other hand we may meet the same thing said in two different
ways on the same strip of bamboo. And although the original order of the Suan shut
shii is irrecoverable, there is no conceivable shuffling of the strips that could
produce anything like the larger-scale structure of the Nine Chapters, whether
within individual chapters or at the level of the inter-relation of the chapters.

So what might the relations of the Nine Chapters and the Suan shu shii be?
Obviously the question of dating will be a crucial factor in any evidence-based
answer to that question. What can be said about the dating of the Suan shu shii has
already been said: it was found in a tomb that was probably closed in the early
second century BC, and contains language that in part resembles laws known to
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have been in force under the Qin dynasty a little before 200 BC. The only positive
evidence which might help date the Nine Chapters is of two kinds. Firstly, we know
that its earliest commentator, Litt Hui 2% worked around AD 263 (Suf shii 16, 404).
That fixes a date by which the Nine Chapters must have been in something like its
present form. Secondly, we have a number of instances in ancient texts where
scholars before Lid Hul are referred to in connection with the Nine Chapters. The
earliest of these is a certain M3 XU F5#& the son of M3 Yan F5& (AD 17-98) and
elder brother of the famous scholar and commentator on the classics M3 Réng §&
Al (AD 79-166). Hence he presumably flourished c. AD 110-120. According to the
Hou Han shii 18:&2 (History of the Later [=Eastern] Han dynasty, completed c. AD

450 : HEREEEE - ENESEIT ‘He was widely acquainted with the mass of
documentary sources, and excelled in the Jiti zhang suan sht’ (Hou Han shii 24, 862).
As for negative evidence, the bibliographical monograph of the Han shii EZ
(History of the [Western] Han dynasty, completed c. AD 92) draws on a listing of the
contents of the imperial library made close to 5 BC. It contains references to
various (now lost) books on mathematics and related topics, but has no title that
suggests the presence of the Nine Chapters. In the face of this evidence, it seems
safest to assume that the Nine Chapters was not in existence much before the
beginning of the Christian Era. I discount here the story given by Litt HuT himself in
the preface to his commentary, in which he tells of the creation of the Nine
Chapters by a sage statesman of the early Zhou dynasty a little before 1000 BC, and
its alleged destruction by the Qin dynasty as part of an effort to wipe out political
dissent by obliterating historical records - an event which if it did occur at all
certainly spared all books on useful subjects (which would include the content of
the present text) as well as those held by officials of state (which must have
included material on administrative calculations of the type that constitutes most
of the Nine Chapters). He continues the story by claiming that the Nine Chapters
was then laboriously reconstituted from fragments by a number of figures famous
for mathematical skills in the Western Han, but whose surviving biographical
details make no mention of the Nine Chapters. As I shall argue in detail elsewhere,
it is most likely that Lit Hul is simply attempting to reconstruct a likely history of
the Nine Chapters to fill the void in the historical record before the first century
AD. Taking the evidence overall it seems probable that the Nine Chapters was in
fact put together shortly after the Christian Era, as part of a more general effort to
edit and reorganise ancient materials.
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(c) From the Suan shu shi to the Nine Chapters?

It seems therefore that about two centuries separate the Suan shu shii from the
Nine Chapters. While the contents of these texts clearly represent parts of a single
tradition of doing mathematics - the parallels are too close to make any other
hypothesis plausible - the differences of form and style are also very striking. But
any attempt to construct a historical narrative linking the two texts has to
confront major difficulties, including the following:

(1) If we take the Suan shui shii and the Nine Chapters as representative of the actual
states of mathematical literature in the early Western Han and Eastern Han, we
have to explain how the practice of mathematics and the modes of transmission of
mathematical knowledge can have changed sufficiently to move us from a world in
which the Suan shui shii was seen as normal to one in which the Nine Chapters were
seen as normal.

(2) However, we have rather little direct information on the activities of those who
used mathematics in the intervening centuries, or on the social framework within
which they operated. The only ancient attempt at writing something like the
history of mathematics - Liti HuT's preface to his 3 century AD commentary on the
Nine Chapters - is, as we have seen, unlikely to give us much help in addition to
what we can piece together from other more general sources.

(3) Further, although there is plenty of evidence that the Nine Chapters was widely
seen as the central text of mathematics from the second century AD onwards, we
have no idea how representative the Suan shit shii might have been when it was laid
in the tomb at Zhangjiashan in 186 BC. How do we know that the person who
compiled this text was not an anomalous example of a mathematical scribbler with
no sense of order or intellectual discipline? Of course the picture is not quite so
stark as that: the magpie habits of the compiler of the Suan shu shii give us a certain
amount of evidence that there were a number of different mathematical
collections available to him, and the nature of the material he draws from them is
such as to suggest that they too were made up of relatively short units of text. But
none the less a single surviving collection is not the strongest basis on which to
rest the Western Han end of our narrative.

These problems are not trivial ones, and might well cause one to hesitate before
trying to construct a history of Han mathematics capable of bridging the gap that
confronts us. It is therefore very fortunate that we already have the main outlines
of the history of another technical field that showed major changes in the writing
down and transmitting of knowledge between Western and Eastern Han - changes
similar to those that would take us from the Suan shu shii to the Nine Chapters. The
field in question is that of medicine. In medicine, as in mathematics, we find
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ourselves contemplating the impact of major finds of manuscript material from
early Western Han tomb deposits, in the context of a canonical literature that
cannot be reliably traced back further than the start of the Christian era.

For a description and evaluation of the major portions of the Western Han medical
material, the reader may turn first to the work of Harper (1998), to which may be
added the research results of Vivienne Lo embodied in her unpublished PhD thesis.
A pioneering and original discussion appeared in Yamada (1979), and there is also
the important study by Sivin (1995). But for our present purpose it is the work of
Keegan (1988) that is most relevant. What Keegan’s pioneering study achieved was
to give us a new picture of what technical medical literature was like under the
Western Han, and to elucidate some of the ways the Western Han heritage was
transformed in succeeding centuries to produce the canonical literature of the
received tradition.

In summary, Keegan'’s study of a group of Western Han medical manuscripts,
mainly the so-called “vessel texts” from the Mawdangdui 5T tomb, led him to
the conclusion that the elementary unit of that literature was not to be seen as the
“text” in its usual meaning of an extensive piece of writing equivalent to what we
would call a book, but rather what we may call a “textlet”, a shorter piece of
writing capable of being transmitted on its own. Different extended texts might
contain overlapping but not identical collections of textlets, and one text might
separate textlets contiguous in another text, while bringing together textlets
separated in other collections. In studying medicine, one increased one’s
knowledge base in part by receiving more material from a variety of teachers. who
might sometimes pass on textlets only after an imposing ritual requiring a
commitment not to transmit them to the unworthy - a process reconstructed and
indeed evidenced from historical texts by Sivin. Clearly different doctors within a
given tradition of medicine would tend to have overlapping but often differently
ordered collections of material at their disposal.

By the Eastern Han, however, Keegan claims that this process had led to the
formation of more than one large ossified collections of material that was no
longer subject to “textlet” transmission in the old way. This is his explanation of
the origin of the different recensions of the so-called Hudngdi 275 ‘Yellow
Emperor’ medical corpus of which signs appear for the first time in the Han shii
bibliography. From the Sui dynasty onwards, editions of these recensions began to
be edited by scholars and provided with commentaries. By the early Tang, we can
be fairly sure that three of these recensions had reached something close to the
form in which we have them today. These were the Hudngdi néijing suwen s=75PIER
28, the Hudngdi néijing lingshii E=fERIFEEZAE, and the Hudngdi néijing taist =75
REEIRZE. An examination of these works shows that they do indeed embody
much material common to one another, and that some of their contents closely
resemble ‘textlets’ from the Mawangdui material - but in an order and
arrangement different enough to witness to the ability of the ‘textlet’ to be
transmitted independently.

These three extant representatives of the Huangdi corpus are by no means chaotic
works, although any attempt to read them as deliberately composed and
systematic treatises will lead rapidly to a sense of confusion on the part of the

10
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conscientious reader. However more systematised works do exist: one of them, the
Hudngdi jid yijing ETRE S ‘Hudngdi’s ABC canon’ was composed by Hudngfu
Mi ErH% around AD 256-282, so that he might have been a contemporary of Lid
Hul. This uses material from the Huangdi corpus, edited and re-arranged to give a
systematic account of acupuncture and moxibustion. We may also note the
existence of a major text which is held by some to stand outside the Hudngdi
corpus, the Ndn jing #48 ‘Canon of difficulties” this is a highly formalised and
ordered book in which 81 sections each raise a question in the form of a ‘difficulty’
which is then answered. With the Nine Chapters in mind, we may note that 9x 9=
81. It is usually held that the Ndn jing dates from the second or first centuries AD,
since it is quoted shortly thereafter. Another famous work that dates to just before
the Eastern Han is also divided into 81 sections: this is the Taixudn jing KZ& of
Yang Xiéng 154 (53 BC - AD 18), a work of cosmology and divination intended to
rival the Yijing S8 ‘Book of Change’: see Nylan (1993).

Turning back indeed to the Nine Chapters and its relation to the Sudn shu sha, it
does seem that a pattern similar to the one sketched above for the case of medicine
can be detected. Even without the work of the scholars mentioned here, an
inspection of the Suan shu shii suggests that in one technical field, that of
mathematics, the independently circulating unit of knowledge in the early
Western Han - the “molecule of written information”, so to speak - was a textlet,
often written on a single bamboo strip, rather than an extended and orderly
treatise. In many cases the textlets of the Sudn shu shu take the form of a complete
section beginning with a title. In other cases, a section with a title contains what is
clearly a deliberately collected group of related textlets, which make it plain that
an individual scribe has felt that gathering textlets in this way was just what his
reader would expect him to have done. The frequent duplications and repetitions
that result from this practice indicate how much the accumulation of transmitted
textlets was valued for its own sake, even if each addition to the collection
nowadays seems to add little or nothing to the sum of mathematical knowledge
already gathered. Here of course we are speaking of what we can deduce from the
activity of the final and apparently anonymous hand to work on this material in an
editorial capacity, ignoring any intervening process of simple copying.

Unlike the case of the medical texts, however, the presence of the names of Wang
and Yang on some strips gives us the chance to look back a little further than the
manuscript itself, though our ability to draw any reliable conclusions is reduced by
our inability to say just what sort of people they were, and what roles they played.
But we can note that the way their names appear does not suggest any association
with long passages of text: the longest continuous passages marked with their
names are the two ‘weaving problems’, at the end of which we are told that they
were ‘checked’ chdu i by Wang and Yéng respectively. This pattern is consistent
with the notion that at this period a mathematically active individual was more
likely to generate mathematics in the form of textlet sized packages that to write a
discursive treatise. In other words, Western Han mathematicians managed their
knowledge bases in ways similar in part to the practices of contemporary doctors.

The appearance of the Nine Chapters in the early Eastern Han may thus be seen as
parallel to the emergence of such works as the Hudngdi corpus, the Ndn jing and
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the Hudngdi jid yi jing at the same period. To get from the Suan shu shii to the Nine
Chapters we need to apply the same kinds of transformations that take us from the
Mawangdul material to the more systematic medical texts of the Eastern Han.
Reversing the argument, we may say that given the existence of the Nine Chapters
in the Eastern Han, a manuscript such as the Suan shu shi is just the kind of
mathematical text we would expect to find from the early Western Han.

This is not the time to attempt a systematic review of the opinions of Chinese
scholars on the origins of the Suan shu shii and its connections with the Nine
Chapters. Briefly, however, we may say that two main currents of thought are
clear. One of them, represented by the leading historian of mathematics Gud
Shichiin 3§ 45 % takes Liti Hul's account fairly literally (see Gud 2003). It is
assumed that the Nine Chapters actually did exist before the Qin, and that it was
damaged or scattered and later reconstituted as Liti Hul tells us. The question
therefore arises whether the Suan shu shii is in some way in the true line of descent
that leads to the Nine Chapters, and the answer is negative. The polymath historian
of science Li D ZX3# on the other hand discounts Liti Hul as a reliable chronicler,
and believes that mathematical knowledge in the Western Han circulated in the
form of what he calls guan jiin B & ‘official bamboo strips’. It was from such
material that the Nine Chapters was assembled and edited (Li 1997, 88-138).
Although Li Di ‘s views were expressed before the text of Suan shu shii was fully
published and widely discussed, he has recently stated that they remain basically
unchanged (private communication, 2004). It will be seen that my views are closer
to those of Li than to those of Gud; the comparison with the medical literature is
one for which I must however bear responsibility.

It will no doubt take some time to unfold the full implications of the evidence
considered here on the early history of Chinese mathematics. Even when we seem
to be close to finding new answers to our old questions, the answers seem to lead
on to new questions in turn. The contrast between the Suan shii shii and the Nine
Chapters certainly reveals aspects of the latter that would never have become
evident from inspection of that text in isolation. Consider for instance the now
increasingly obsolete idée recue that the material of the Nine Chapters (as opposed
to Lid Hul's commentary) reveals a mathematical style totally concerned with the
practical and administrative obsessions of officials. Interest in mathematics for
mathematics’ sake, it is thus assumed, is first shown by Litt Hul himself in his
commentary. Now however it is the Suan shu shii that seems to be in large measure
the practical book for the use of officials, while the Nine Chapters, even before Lit
Hui, looks like a book for mathematicians. If we examine the material in the Nine
Chapters that adds to the mathematics of the Suan shu sh, this point becomes
stronger. It is very hard indeed to see any practical point whatsoever in the
multiple unknown problems that the Fang chéng chapter solves by what are
essentially matrix methods. Nor, somewhat to my own surprise, does a re-reading
of the Pythagorean problems of the Gou gii chapter succeed in suggesting any
realistic situation in which an official would find the knowledge provided of any
use at all. What bureaucrat would want to know about the dimensions of doors left
ajar, broken bamboos in ponds or creepers winding up a tree? These are surely
mathematical problems for people who are interested in mathematics for
mathematics’ sake. That is in general far from the spirit of the Suan shu shii, which
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sticks to the relentlessly useful almost all the time. Almost, but not quite. Without
having been a Qin official, it is difficult to be sure whether the more complex
problems about amounts of grain, and elaborate arrangements about sharing and
and mixtures requiring treatment by the Rule of False Position really do reflect any
practical needs likely to be met in the course of one’s work. However there is no
doubt in my mind that in the pair of “weaving” problems found in sections 15 and
21 we are faced by texts where the main interest is in mathematical structures
rather than any conceivable administrative reality. And since it is notable that
these are the two cases where named persons are linked with problems in the
clearest and most formal manner, it does seem evident that behind all the
bureaucratic machinery with which much of this material is concerned, at least
two persons near the beginnings of imperial China were for at least part of the time
interested in displaying their ability to create (or at least to pass on) mathematics
whose interest was more technical than practical.

The intriguing but unanswered question that then presents itself is who the
audience for such mathematical virtuosity might have been, what criteria that
audience operated in deciding what counted as good mathematics, and what
rewards followed from a reputation for mathematical skill beyond the call of
official duty. That we are currently far from being able to guess at. There is
however one feature strongly marked in the case of medicine that does not appear
to have been associated with mathematical learning. In Western Han medicine we
have some evidence (both external to the texts and internal to them) that those
who passed on these medical writings sometimes did so on the basis that the
recipient was not to reveal them to others, or at least not to anyone ‘unworthy’.
The Sudan shu shi gives us no indication that such sanctions operated in the field of
mathematical knowledge. We may perhaps see something a little similar in the
dialogue of Chén Zi and Réng Fang in the Zhou bi, where Chén Zi goes through a
ritual rejection of his student’s approaches until he has extracted a confession of
total ignorance and a humble request for instruction (see Cullen 1996, 176-178). But
once instruction begins no promise of secrecy is imposed. One might perhaps
suppose that a reputation for possessing secret knowledge was less likely to be
important to a calculator than to a healer. For the healer, patient confidence and
morale were often nine-tenths of the battle; and these might often depend
crucially on a reputation as the trusted student of great predecessors. But for the
calculator the publicly verifiable fact that one’s calculations gave the right answers
might be thought more important - though intellectual lineage no doubt counted
for a good deal.

That is my first point on the historical problem of the transition from the Suan shu
shii to the Nine Chapters. My second relates to the aims of mathematical study in the
Han dynasty. To characterise what these were, let us make an East-West comparison
that will be useful, though perhaps a little crude. It was the fate of the Nine Chapters
to be spoken of in later centuries as a paradigmatic work which summed up the
essential spirit and content of mathematics in China. The same thing, more or less,
happened to Euclid’s Elements in the West, and with about as little justification, as
can easily be seen by considering the contrast between Euclid and (for instance)
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Diophantos or Heron. But even stereotypes may tell us something interesting, and
there is an illuminating contrast here.

To make the contrast, let us start with Euclid. The Elements, as we know, treat
mathematics with a well-defined programme in mind, which may in part be
described as follows. We start from the smallest possible number of statements
which the author has to ask us to accept as true. From these we attempt to derive
logically the largest possible number of true propositions. So impressively is this
programme executed that it is not surprising that some of Euclid’s later readers were
tempted to think that this was what all ‘real’ or ‘true’ mathematics should be like,
and that anything else was in some sense a falling-short. Now judged in that way,
the Nine Chapters is a lamentable failure to do real mathematics at all. But whenever
we find ourselves thinking that some writing from another time and place is not up to
our own exalted standards, we should ask ourselves whether we have understood
what it is trying to do. It is after all rather unlikely that the compiler of the Nine
Chapters worked with an eye on what Alexandrian geometers had been up to. There
is in fact strong justification for thinking that the Nine Chapters had an aim that was
in some sense orthogonal to that of Euclid: whereas the Elements sought to move
from a few assumptions to a potentially unlimited number of true propositions by
logical deduction, the Nine Chapters sought to move from the infinite variety of
mathematical problems to the smallest number of general algorithms that could solve
them all, grouped under the nine main headings of its chapters. Indeed the claim
made on behalf of the Nine Chapters by its first commentator Lia Hut in the 3rd
century AD was even more ambitious:

SEEE - FBWNER > BRR#ED > MEARERE > NMFH—KMNS

The categories under which the matters [treated herein fall] extend each other
[when compared], so that each benefits [from the comparison]. So even
though the branches are separate they come from the same root, and one may

know that they each show a separate tip [of the same tree]. (Preface to Nine
Chapters, in Gud 1990, 177)

The implication here is that, properly understood, all the problems in the book are in
essence solved by the one and the same method.

But in the same way that you cannot get to the Elements in one step, you cannot get
to the Nine Chapters in one step. I leave it to my Hellenist colleagues to sketch how
we can see the project of the Elements in a process of inchoation before the work of
Euclid. To conclude now, I shall point to the fortunate fact that we have a piece of
meta-mathematical writing that probably dates from the first half of the Han dynasty,
and which sums up the essentials of the work in which Chinese mathematicians were
then engaged that led them to the creation of the Nine Chapters on the basis of
collections such as the Suan shu shii.

The material in question comes from the Zhou bi, the early Chinese mathematical
and astronomical collection of which I published a translation some years ago. In
part of this book, a part which I argue is from the first century BC, a teacher, Chén Zi
is represented as telling his student Rong Fang how to learn mathematics. It is
notable that as in the case of the dialogue between Socrates and his host’s slave-boy
in Plato’s Meno, the first piece of Chinese writing about mathematics is in the form
of a conversation between master and student:
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BRFHE - A WEEMZFAA FXTE - EUAKR - &
MBRLZ [ FIRH -KEBE BSEERMAA MHE
FREgE RKEMWM -SHAMAEE  BEXH B—EmMUES
EE BrHNE-SThE BHxiW 2AEBR MEAE
Fret EREFREEE REWAUBEEE  BREBER - BHAF
H - BER RHAE RER BHAGEHN WEWNWMES -
BEMREH WILTRE EFABELZAS BEHERUSE -
HEEXFEECEDN-
Chén Zi said “Yes, these are all things to which calculation procedures can
attain. In regard to mathematics, you have the ability to understand these
matters, if only you give sincere and repeated thought to them [...] In relation
to mathematics, you are not as yet able to generalise categories [i.e.
categories of problems]. This shows there are things your knowledge does
not extend to, and there are things that are beyond the capacity of your spirit.
Now in the procedures of the Way [that I teach], illuminating knowledge of
categories [is shown] when words are simple but their application is
wide-ranging. When you ask about one category and are thus able to
comprehend a myriad matters, I call that understanding [my] Way. Now
what you are studying are the procedures of reckoning [& & suan shir as in
the title of the collection we are discussing]. and this is what you are using
your understanding for. But still you have problems, which shows that your
understanding of the categories is too simple. The difficult part about
understanding the Way, is that when one has studied it, one has to worry
about broad application of it. Once it has been broadly applied, one has to
worry about not [being able to] put it into practice. Once one has put it into
practice, one worries about not being able to understand it. So similar
procedures are studied comparatively, and similar problems are
comparatively considered. This is what sorts the stupid scholar from the
clever one, and the worthy from the worthless. So being able to categorise in
order to unite categories - this is the substance of how the worthy will devote
themselves to refining practice and understanding. (Cullen 1996, 175-178,
from which this translation is slightly modified)
I have quoted this passage at length because I believe it sums up the spirit of early
Han dynasty mathematical learning that led to the formation of such a systematic and
powerful book as the Nine Chapters, in which ‘words are simple but their application
is wide-ranging [and] when you ask about one category [you] are thus able to
comprehend a myriad matters’. That is what I believed when I first translated those
words of Chén Zi, at a time when the Suan shu shii was just being unearthed. Now I
have seen the Suan shu shii, I am all the more sure that Chén Zi’s advice to his
student embodies the authentic voice of the early Han mathematicians who
assembled collections such as the Suan shu shii. The aim of those who gathered the
material in each section of that collection was precisely to bring together related
problems and methods so that as Chén Zi says ‘similar procedures are studied
comparatively, and similar problems are comparatively considered.” Far from it
being a puzzle that the Nine Chapters should have as a predecessor the Suan shu shii,
it turns out to have been what one would have expected. And that is a satisfying way
to be able to resolve a problem in any sphere, including the history of mathematics.
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Translation and
commentary

Principles and patterns of translation

This translation is based on my own critical edition of the Suan shui shi text, which
is presented and described later in this monograph. In view of the comments of
one helpful colleague on a previous draft, I should like to make it clear that my use
of the word ‘text’ in referring to the material I translate is purely a matter of
convenience. [ certainly do not mean to imply that the Chinese writings on which I
have worked were intended as a single integrated body of writing by whoever
assembled them before they were entombed. It is partly to avoid that implication
that I have taken advantage of the possibility of translating the word shii & in the
title as ‘writings’ rather than as ‘book’.

It is not easy to translate ancient Chinese mathematics into modern English. I
would have preferred avoid all unnatural English in my translation, but on the
other hand I have felt impelled to attempt to represent something of the structure
and flavour of the original language, including its specific mathematical
vocabulary and syntax - and even the clearest mathematical writing in modern
English is hardly natural in comparison with everyday speech. The tension
between these aims cannot always be concealed in the version I offer here. It may
therefore be helpful to begin with some remarks on the problems that such a text
can present to a translator.

My initial aim in beginning my commented translation was to reconstruct an
understanding of this material as near as possible to that likely to have been
formed by a reader of the second century BC, the period during which it was
entombed. Using the word ‘aim’ in such a context may however be over-optimistic,
since it suggests that one is trying to hit a target that is clearly visible. The fact is
that apart from the Suan shu sh itself we have little direct and datable evidence of
how Chinese people thought about mathematics at the period in question. It is not
until the early second century AD, three centuries after the entombment of the
Suan shu shii that we can be sure of the existence of another mathematical text that
is still extant today - the Nine Chapters. And it is not until the third century AD
that we find in the commentary of Liti Hul £ the first firmly datable Chinese
discursive writing on mathematical procedures by a historically identifiable
individual. Perhaps the aim needs to be rephrased to something more modest: to
use the act of translating the Suan shu shii as an occasion for reconstructing at least
a partial picture of the mathematical thinking of China in the second century BC.

What principles might one bear in mind to guide on in this task? A number of
scholars have already reflected on the problems posed by the study of ancient
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mathematical texts. In China we have the example of the mathematician turned
historian of mathematics, Wi Wénjun 5 L 4R , who argued that in attempting to
reconstruct the way in which the results stated in an ancient text were arrived at,
one should respect three basic principles:

‘1. The reconstruction should accord with the circumstances of
mathematical development in the relevant place and time, and must
not make use of results or methods that are modern, or originate
elsewhere.

2. The reconstruction should be based on historical facts and historical
material, and must not be concocted on the basis of mere imagination.
3. The reconstruction should lead naturally to the desired result or
equation, and must not involve artificial elaborations designed to led
to a predetermined conclusion.” (Wt 1986(a), 53-73, translated here
from the original Chinese)

In a publication in English, Wi reduced these principles to two, which though
conceived in a specifically Chinese context are capable of easy generalisation (Wd
1986(b) 1657):

‘1. All conclusions drawn should be based on original texts fortunately
preserved up to the present time.

2. All conclusions drawn should be based on reasonings in the manner
of our ancestors in making use of knowledge and in utilizing auxiliary
tools and methods available only at that ancient time. [...] The use of
algebraic symbolic manipulations or parallel-line drawings should be
strictly forbidden in any deductions of algebra or geometry since they
were seemingly non-existent in ancient Chinese classics.’

These points in themselves seem to me a good and sufficient guide to avoiding
positive error in approaching material such as the Suan shui shii. But it is also
interesting to see what Western scholars have had to say on related questions. For
that purpose, we may conveniently start with the recent special issue of Science in
Context (vol 16, 2003) devoted to ancient mathematics. Particularly relevant to our
concerns are the general introduction to the issue of translating and interpreting
ancient mathematics by Reveil Netz (2003), and the article of Annette Imhausen
(2003) on Egyptian mathematics. Both of them refer back to the often-cited study
of Unguru (1975) as a paradigmatic text in the methodology of the history of
mathematics, and it is to Unguru that I shall now turn. Unguru’s paper develops its
attack along two main axes:

(1) A criticism of the specific claim that the work of certain ancient
Greek geometers can and should be interpreted as concealing within
its ostensibly geometric formulation a form of algebra - ‘geometrical
algebra’ - and that as a result the geometrical propositions concerned
can and should be translated into modern symbolic algebra.

(2) A more general criticism of the historiography of mathematics

practised by (in Unguru’s view) modern mathematicians, who he
believes are all too liable to assume that there is a supra-historical
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entity called ‘mathematics’ to which they have privileged access, and
‘exactly because this content (like the inert gases) is essentially
unaffected by its formal surroundings, the ability of the modern
mathematician to uncover it and give it a ‘palatable’ (i.e. modern) form
constitutes not only the best modern reading of ancient ‘burdensome’
and ‘oppressive’ mathematical texts but also the only correct reading,
and at the same time, the proof that this is what the ancient
mathematician had in mind when he put down (in an awkward fashion,
to be sure) for posterity his mathematical thoughts.” (Unguru 1975, 73).
For Unguru, a common way in which this false historiography is given
effect in practice is by ‘apply[ing] mechanically to [ancient]
mathematics the manipulations and jugglings of modern mathematical
symbolism’ which amounts to ‘betraying [ancient] mathematics, only
by applying to it foreign categories of post-Renaissance mathematical
thinking’ (Unguru 1975, 111-112).

There is clearly a basic concord between Wi and Unguru, despite the fact that Wu
is precisely the kind of historian of mathematics that Unguru might have expected
to commit the faults exposed in his paper - an eminent professional mathematician
who has turned to the history of mathematics in his later years. I find that the
point of view expressed by these two historians in apparent ignorance of one
another’s work is consonant with my own experience in confronting ancient
Chinese mathematical texts. I therefore intend to proceed as far as possible to
interpret the Suan shui shii in a way that avoids the pitfalls they indicate. In
particular, I shall avoid the assumption that when I want to explain how the text
solves its problems and describes its methods, all I have to do is to translate these
into modern symbolic algebra. That does not mean that there will be no algebra at
all in this study, for two reasons:

(1) Not all ‘algebra’ is modern symbolic algebra. The Arabic mathematicians such as
Al-Khwarizmi (c. AD 825) who first used the Arabic original of this word
mathematically were engaged in describing how to manipulate known quantities
in order to find unknown quantities. They did this very effectively without writing
down ‘algebraic equations’ in the modern sense of symbolic equations with
unknowns designated by symbols that are manipulated by rule until the desired
unknown is isolated. Thus where we would today write x* + 10x = 39, and proceed
to solve for x by changing this equation into a number of different forms until we
arrive at the form x = 3 (ignoring for the moment the other root x = -13),
Al-Khwarizmi writes:

‘...what is the square which combined with ten of its roots will give the
sum total 397 The manner of solving this type of equation is to take
one-half of the roots just mentioned. Now the roots in the problem
before us are 10. Therefore take 5, which multiplied by itself gives 25,
an amount which you add to 39 giving 64. Having taken then the
square root of this which is 8,subtract from it half the roots, 5, leaving
3. The number 3 therefore represents one root of this square ...” (Struik
1986, 58).

The Suan shui shii certainly contains algebraic procedures in the sense that the
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word ‘algebraic’ can be applied to the work of Al-Khwarizm, but not in the modern
symbolic sense. The pleasant (but sometimes dangerous) thing about symbolic
algebra is that as long as you observe the rules for manipulating the symbols on the
page, you can often reach a result without having to think very much about what is
actually happening to the numbers. But it is clear that to understand pre-modern
non-symbolic algebra, it is essential to avoid assuming that it is enough to translate
the problem into symbolic algebraic and find a solution by manipulation, since
otherwise we shall not face up to the challenge of finding out how ancient
mathematicians without symbolic algebra did their thinking.

2. The reader of this translation is not a Chinese person of the second century BC,
not least in the respect that he or she does not have a second century BC Chinese
teacher to introduce the material, demonstrate its application using counting rods,
and so on. No doubt in the end any intelligent and diligent modern reader would be
able to see what the text is doing without explanation. But most readers will need
some kind of temporary scaffolding on which to construct such an understanding,
and I have used modern symbolism for that limited purpose. Thus in the section
on ‘Excess and Deficit’, I freely admit that when I first began to translate the
Chinese into English I jotted down in the margin a translation into symbolic
algebra in order to speed up my initial comprehension of the text and check that I
was understanding it properly. But in my commentary I set out to construct an
interpretation and justification of the methods underlying the text without any
reference to symbolic algebra at all, and it seems to me that the results justify the
additional labour for both author and reader alike.

Next, there is the question of numbers in general. I suggest that we should make a
clear distinction between two questions:

(a) How a reader of the Suan shtt shiit would have set out numbers for
the purposes of calculation.

(b) How the scribes of the Suan shu shii and their contemporaries
recorded numbers when writing normal prose.

As for (a) the Suan shu shii itself gives us no direct evidence. We do know from
other texts that at the period from which the text comes practical calculation was
carried out using bamboo rods arrayed on a surface which may perhaps have been
marked with a grid. It is not until centuries later that we have clear descriptions of
how these ‘rod numbers’ worked, but when evidence is available it shows us a
system in which ‘place value’ operates - that is, the rod numeral for 5 may mean
5,000 in one position, but 500, 50 or 5 in others. In such as system, a gap in the
array of numbers is clearly important, and needs to be preserved and represented
by an appropriate symbol if the numerical array is to be recorded by writing on
paper. In modern numerals, this is the purpose of the zero, ‘0’. When however
numbers were written down in Chinese as part of normal prose, as in the Suan shu
shii, they were represented using a basic set of characters for the numbers 1 to 9,
but without the use of a common marker for zero, so that simple place-value
cannot be applied. Instead multiples of ten are specified in the number, so that the

number 57,982 is written AEtF B /\+ wil wan qgigian jiti bdi ba shi ér
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literally ‘five myriads, seven thousands, nine hundreds, eight tens, two’ and 6003
would be 737 = liu gian san ‘six thousands, three’. In pre-modern Chinese the
distinction between words for numbers and figures to represent them therefore
does not exist in normal writing. But faced with the choice posed by English usage,
I have usually preferred for the sake of clarity to render number phrases in figures
rather than using words - thus I write 153 rather than one hundred and fifty three
for —BA+= yibdiwii shisan. Apart from the digits 1 to 9 and the usual
characters for 10, 100, 1,000 and 10,000, the Suan shu shi also frequently uses the
characters nian 1 for 20, sa # for 30, and xi i} for 40, replacing the more regular
forms érshi ——, san shi =—.and si shi 4+ (‘two tens’, ‘three tens’, ‘four tens’).
These special forms are clearly simply groupings of multiples of the character for
ten, =+ shi. There is also a special sign for 70 , F, of unknown pronunciation, but
perhaps derived from the old form of the character for seven as used in the Suan
shut shii (a horizontal line with a short vertical bar through its mid-point) placed on
top of the character for ten.

Let us turn to the basic operations of arithmetic. I suggest that we should not take
the seemingly obvious step of asking asking how addition, subtraction,
multiplication and division are represented, but rather begin by looking at the
operative significance of common words used in specifying calculations. As will
appear, there is not a simple one-to-one correspondence between these words and
what a modern reader tends to assume must be the basic operations in all schemes
of arithmetic in any culture.

We are frequently told that two quantities are to be ‘combined’ bing 3§, and from
the results given it is clear that this process is effectively equivalent to the
operation of addition. Thus for instance:

Strip 33
. = ANHEBEUEE ... ‘combine the number of cash paid out by

the three men to make the divisor’

I have hesitated over whether this word should simply be translated as ‘add’, but
have decided to leave it with the broader sense given here, since there are places
where ‘add’ does not seems to work well (strip 36, strip 43, strip 117, strip 119)

We are also told from time to time that two quantities which are clearly being
added must xiang cong M, which I have chosen to render literally as ‘go with one
another’.

Strip 21

an

... BtEEEFAEE ... ‘if denominators are of the same kind, numerators
go with one another’

Once more, the results given show clearly that this is equivalent to addition.

The word chil [ literally means ‘lessen’ ‘remove’ or ‘take away’: it is used when
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one quantity is to be removed from the other, for instance:

Strip 17
w9
.. LAFBRE ‘reduce the denominator by the numerator’

Strip 31
. LIPBRZ ... ‘reduce the greater by the lesser’

In these and other cases, the operation of subtraction is taking place. In a few cases
this word occurs in a context where it is clear that the subtraction is to be repeated
as many times as possible, so that in effect we are dealing with division:

Strip 78
.. AT+ =2+ 75mE— .. take and 12-fold it. Obtain 1 for each
reduction by 16.’

Strip 165

.. BT UEBNE—Y ... reduce the accumulated bu by
accommodating the divisor to obtain 1 but of length’; similarly on strip
167.

I have rendered chi B& throughout as ‘reduce’, which seems to carry the ambiguity
of the original quite well.The common expression for subtraction in later texts uses
the word jidn i, but in the Sudn shii shii this occurs only once, and seems to bear
the sense of ‘make smaller’ without the precise mathematical connotation of
‘subtraction’:

Strip 13

i al

D EIBEE  ‘to decrease a part [i.e. a fraction] increase its
denominator’

Chéng 3, literally ‘mount upon’ occurs in such contexts as:

Strip 12
.. TRFE ... ‘ten mounting on a thousand is a myriad’

In all cases chéng appears, as here , to be equivalent to ‘multiply’, and I have so
rendered it. The use of this word may come from the way that two rod numbers are
arranged one above the other when multiplication takes place.

Faced with phrases such as san zhi =32, literally ‘3 it’, I have had to decide
whether to be as literal as that, or whether to say ‘triple it’ instead. The former
involves using a number as a transitive verb, which is not at all natural in English,
while the latter would imply we had on occasion to go all the way up to ‘nonuple’
and ‘decuple’, which would be distinctly odd. Since the text specifically refrains
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from using the word chéng 3 it seems illegitimate to use ‘multiply’. For san zhT and
similar cases I have therefore decided to translate on the pattern ‘3-fold it’, which
seems to do the job as well as it ever can be done. At times the verbal use of
numbers can become quite complex, as when (for instance) section 68 has =8
=Th 3-fold it, then 3 times 5-fold it’, i.e. multiply by 3 x 5°.

The final type of expression to be interpreted is exemplified in such phrases as:

Strip 18
.. ZUEMAL— ‘as each [number] accords with the fd, form one’

Strip 56
.. BAEM—R ... ‘as the dividend accords with the fd, then one chi’

Strip 33

.. BIA MU E2R S H BB ANES — £ ‘then multiply each number of
cash spent by four cash, and as [the results] accord with the fd get one
cash’

The results given for these processes are in each case the number of times that the
quantity referred to as the fd can be subtracted from the given number. This
process will in general leave a remainder, which may be dealt with in the following
fashion:

Strip 58

WiE—EBARBLLERRS ‘as [the number] accords with the fd, then one
cash. What does not suffice, denominate [those] parts by the fd [as
denominator]’

Where possible I have preferred fairly literal renderings of such phrases as those
given above, since to render X 4IY [fil— as ‘divide X by Y’ seems too much like a
mere paraphrase rather than a translation. When division takes place, the two
elements involved are usually referred to as the shi & literally ‘full, solid’ and the
fii 7% ‘rule, measure, pattern’. The term shf is also used for the product of a
multiplication. Effectively division consists of measuring the shiin terms of
multiples of the fd. Since no translation (as opposed to paraphrase) of shi seems
quite adequate, I have simply rendered shi and fd as ‘dividend’ and ‘divisor’
respectively.

The topic of division naturally leads into that of fractions. When faced with the
standard form of expression san fén zhiyt =43 22—, literally ‘one of three parts’I
have decided simply to write %5. It does seem reasonable to take the solidus line as
relating 1 and 3 just as fén zhi 9322 ‘of [ ] parts’ relates yi — and san = in the
reverse order. The term fen 43 has been translated as ‘part’ rather than ‘fraction’;
this seems closer to the usage of the text. As for the names for the numbers needed
to specify a fraction, in the example just given 3 would be referred to as the mii £,
literally ‘mother’ and 1 would be the zi -, literally ‘child’. After consideration, a
translation full of mothers and children seemed a little too bizarre, so I have simply
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opted for for ‘denominator’ and ‘numerator’ in every case. Where a particular
fraction has its own special name, I have translated it in words rather than showing
it as numbers and solidus. This applies to ban % ‘half’, shdo ban >3 ‘diminished
half’, which is ¥4, and da ban K3 ‘augmented half’ which is %.

Weights and measures

The units found in the Suan shu shi are those commonly known from Han texts.
For convenience they will be summarised here, in the groupings in which they are
found in this text. In the present translation I have simply transliterated the names
of these units rather than attempting to find modern English rough equivalents
which might mislead the reader into thinking (for instance) that a mii was
equivalent to an acre.

Length for general purposes other than land measurement

1zhang 3 = 10 chi R
1chi R=10cun ~f

From these arise units of area and volume, such as the square and cubic chf; these
are not however distinguished from the length units by any special prefix.

In a few sections (36, 61 and 62) we find the special unit wéi [l used for
measurements round the circumference of a circle: it appears that it is the same
length as a chi. For comparison, a ctin (literally ‘thumb’, cf. French pouce) is about
one modern inch or 23 mm.,, so that a chi is comparable with a foot.

Land measurement

For measuring the linear dimensions of a piece of land, the double-pace bu % is
used throughout. Elsewhere in Han texts the bu is 6 chi, but at no time are bu and
(for instance) chf interconverted in the present text. We frequently find land areas
expressed in (square) bu. The mii @} (about 1/10 of an English acre) is also
common, and one on occasion (section 68) we find the larger unit ging 8. The
inter-relations of the three area units are:

1 ging k8 = 100 mii @A
1 mii @R = 240 (square) bu %

Section 68 also demonstrates the use of the largest-scale length unit, the Ii EEfor
measuring large expanses of land, both as length and area. From the figures given
there it is straightforward to deduce that in linear terms 1 li'is 300 bu.

Volumes of grains and liquids

1shi 5 =10dou =}
1ddu =} = 10 sheng H
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One shéng is about 200 cc, ¥5 litre, so a déu is 2 litres and a volume shi is 20 litres.
Mass

A complete set of mass units is set out in section 17, with the implication that:

1shifg=4jin
1jan §J=30jin Fr
1jin Fr =16 lidng i
1 lidng W = 24 zhi #K

Note that although £ is nowadays read as dan rather than shi when it is a weight,
this reading has no ancient attestation. The Han dynasty shi was about 29.5 kg.in
modern terms, which makes a jin about a quarter of a kilogram.

Currency

In general all currency is reckoned in units of gidn %, the standard copper coin, for
which I use the conventional ‘cash’. In section 29 however we also find the suan &,
here used in the sense of a string of cash (a cord was threaded through the central
square hole in each coin). There is no indication in this text of what was regarded
as a standard number of coins per string.

Commodities and their names, principally grains

The problems and data in the Suan shu shi relate closely to details of the social,
economic and administrative life of early imperial China. They are therefore a
fascinating resource for the wider history of China, well beyond the limits of the
purely technical history of mathematics. I have tried to present translations which
make it possible for the reader to think about the broader significance of the
material before us and which make clear what manner of things are being made
the subject of calculations, but without overloading the text with lexicographical
scruples which would only be of significance to highly specialised scholars.

One aspect of this is my rendering of the various terms for grains, whose frequent
occurrence underlines the importance of transactions and valuations in kind
rather than in cash in the Western Han economy. Of all commodities, grain was
paramount: official salaries were reckoned in shi 4 of grain rather than in money.
Several different of kinds of food grain (in which I include both cereals and
legumes) are mentioned in the Suan shu shii . As noted above, I have decided to
leave units of measurement in translated form since they are after all different in
size from any modern western system. But since there are modern English names
for all the grains cultivated in ancient China, I have tried to use them. For detailed
discussions of the problems of identifying ancient Chinese grain names in modern
terms, see for instance Huang (2000) 17-31.

A few issues of translation may conveniently be mentioned here:
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58 su refers to grain that is in its unprocessed state, as removed from the ear by
threshing and still bearing its husk (or hull). We may note, however, that in
Western Han China it is very probable that the grain referred to by an isolated
instance of this term was foxtail millet (setaria italica). The term for broomcorn or
‘panicled’ millet (panicum mileaceum), Fx shii is found only on strips 88, 138 and
139. Grain as threshed cannot be used as human food since the husk is indigestible
even when the grain is cooked. Hence at a minimum it must be subjected to a
preliminary pounding, # chong which removes the outer husk or hull (see for
example section 48). The result of this process is & mi which I render as ‘hulled
grain’ in contrast to 3g su ‘unhulled grain’.

Other common grains to which I have given translated names are:

2 mai (Strips 43,44, 89, 90, 98, 99, 100, 102, 103, 109, 111): I have rendered as
‘wheat’ in all cases, although the term can also cover barley.

& dd (Strips 43, 44, 90, 109) I have rendered as ‘beans’; it is probably the adzuki
bean that is referred to. See SCC vol. 6 part 2, 515.

X shui (Strips 90, 109) ‘soybean’ (same reference, 511-514)

fili md (Strips 90, 109) There is doubt whether this word in the Western Han refers
to hemp or sesame seeds: see SCC vol. 6 part 5, 28-31. 1 have preferred to render as
‘hempseed’, on the grounds that hempseeds were identified as a food item in a
Western Han burial (same reference).

7K hé This is a problematic word in the Suan shit shii . It occurs alone on strips 43
and 44, where it is evidently a crop in its own right, contrasted with wheat and
beans. It is also found alone on strips 84 and 93. Strip 88 is headed 27k chéng hé,
which apparently means ‘The Norm for hé’, but the strip itself has the combination
FRZzhé shii of which 1 shiis said to be equivalent to 16 % ddu of unhulled grain.
Strip 89 has 7K dao hé, of which 1 shi is said to be equivalent to 20 dou of unhulled
grain. On strips 109-110 we are told that 5 units of Z<3ghé su are equivalent to 4 of

T3 daosu.

Now hé on its own can simply mean ‘cereals’ in general, but if we need a specific
meaning we can it seems choose between paddy rice and millet (see Huang 2000,
18-19 and 22). I am inclined to adopt a rendering of ‘millet’ for hé alone, since
millet was the more common grain in the Western Han - although hé may of course
mean different things in different places. As for the pairings, the last two make
some potential sense in their context as ‘unhulled hé grain’ and ‘unhulled rice
grain’; we never see T dao ‘rice’ on its own in the Suan shu shii . In the case of the

others, one can do little more than guess. In a literary context ZxZshé shii has been
attested as a general term for cereals, as ‘rice and millet’, but whatever it does
mean here must be some specific grain with a particular exchange value. Thus one
might speculate that IR hé shii may involve panicled millet, while 7k dao hé
involves rice again. For discussion of the significance of the quantitative
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statements made about all these grains as an aid to their identification, see the
sections in question.

While many grains can be cooked and consumed once the outer husk has been
removed, the grain may be rendered more palatable (though less nutritious) if the
process of milling by pounding is continued until some or all of the outer coating of
the grain itself has been removed. At each stage of processing the weight of grain
remaining is somewhat reduced, and Han administrators were naturally anxious to
know what reduction it was reasonable to expect, partly no doubt in order to know
whether the milling was up to standard, and partly also in order to ensure that the
wastage during milling was not used as a cover for petty theft. The Nine Chapters
begins its second chapter with a complete list of equivalences of various types of
grain and grain products, including millet grain at various stages of processing, for
which the names and figures are as follows (I include the translations used in Shen
(1999) 141:

] sl 50 [unhulled] millet
BAR li mi 30 hulled millet

AR baimi 27 milled millet

5K momi 24 highly milled millet
il yu mi 21 imperial millet

Similar sequences are found in the Suan shii shii. Thus in section 36 (strip 88) we
have the sequence

3R sl 16 23
BAR li mi 10
BRK zud mi 9
2K hui mi 8

Since the figures given for relative amounts are exactly one third of those in the
first four positions of the Nine Chapters list, it is clear that the same four stages of
processing are designated. But Nine Chapters’ bai mi becomes zuo mi, and Nine
Chapters’ zuo mi becomes hui mi. However in section 40 (strips 98, 99, 100) we
have a series of statements which imply a different sequence:

3R sl
* mi
A bai mi
8K hui mi

The proportions implied by the calculations linking these four types are however
identical to those between the first four types of the preceding two lists. It appears
therefore that although between the two sections of the Suan shit shii noted here
and the Nine Chapters there was a consistent view of what quantitative changes
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should be seen at each stage of grain processing, there might be significant
variations in what those stages were to be called. Given that state of affairs, it is
clearly not possible to avoid simply transliterating the Chinese terms for at least
the third and fourth stages of processing, since if they were simply rendered as
‘milled millet” and ‘highly milled millet’ the difference in terminology would be
obliterated. It also seems worth while to write ‘li hulled grain’ explicitly whenever
this term is used as distinct from the simple mi for hulled grain.

Divisions of the text.

The topic of the divisions to be made in the text of this collection is discussed
elsewhere. For the moment I shall simply explain what the reader can expect to
find in the translation below. If we start at the beginning of the text, after the title
there comes the heading ‘[Group 1: Elementary operations]’. This is placed in
square brackets to show that like all such ‘Group’ headings it is an editorial
insertion by myself, based on no more than the observation that the following
material deals with a common theme. The fact that such groupings suggest
themselves is of course simply a consequence of the fact that the modern Chinese
editors decided to group similar material together when sorting the jumbled
bamboo strips found in the tomb.

Next is the heading ‘S1 (Yéang), S2 (long gap)’. This indicates that the following
material is to be found on strips 1 and 2, and that the text in the following
translation runs from one strip to the other without any obvious discontinuity, so
that is is clear that the strips belonged together in the original arrangement when
they were tied together with string. The name ‘Yang’ is written below the lower
node of strip 1, and there is a noticeable gap between the end of the writing on
strip 2 and the lower node, suggesting that the end of a unit of text has been
reached.

Next comes the heading ‘(1) Multiplying together’. The words here are the title
given to this section of text in the original, and were originally written above the
upper node of strip 1. The section number is an editorial insertion by myself, for
convenience of reference. Within each section, I have identified and signalled with
small letters in brackets, (a), (b), (c) etc., subdivisions that in my opinion are
significant. In some cases I have done this to draw attention to obvious
discontinuities of topic or diction between parts of a section that was physically
continuous. Examples of this are to be found In section (7), where subsections (a),
(b) and (c) are explicitly presented as three separate statements of the method for
simplifying fractions, clearly from different sources though deliberately copied
into the same section by the scribe. In a case such as section (10) however, the
division into subsections (a) and (b) is based on the fact that the first subsection is
written on strips 28 and 29, which ends with a gap, and the second begins at the
top of strip 30 and ends with a gap at the end of strip 30, and ends with a gap at the
end of strip 31. In such cases as this, I mark the numbers of the relevant strips
before each subsection in turn, rather than together at the start of the section as I
do when the text runs continuously.

I have had to make a decision about the rendering of another kind of division in
the text, relating to to the conventional structural markers that recur in various
versions throughout. One of the most common is the word [ wén, literally ‘ask’.
When this occurs I have rendered it as ‘Question’, followed by a colon, rather than
as ‘It is asked’ or a similar phrase. In the same spirit, when confronted by 7{tH shut

32



The Suan shi shit 843 Translation. Copyright © C. Cullen 2004

yue literally ‘the method says’, and $§H déyué literally ‘what one gets says’ I have
translated as ‘Method:” and ‘Result:” on the grounds that yué ‘say’ often has more of
the nature of a punctuation mark indicating that another statement is following
than a verb. Faced however with yueé on its own, rather than simply inserting a
semi-colon I have wherever possible marked its presence by translating ‘Reply?’,
which fits the context in almost every case, and is mindful of the common role of
this word as marking the alternation of speakers in a dialogue.

Annotations

Where appropriate each section can be followed by annotations of three different
kinds. ‘Content’” annotations bear on general points about the type of subject with
which the section deals, and its relation to the subjects of other sections. ‘Parallels’
annotations discuss related material from other texts, principally the Jiii zhang
suan shu LEElT ‘Nine Chapters on the Mathematical Art’. ‘Mathematical notes’
focus on technical points relating to the calculations in the section in question. For
the convenience of the reader, when quoting from the Nine Chapters I have given
references to the critical text of Gud Shiichiin (1990) and to the translation and
study of Shen Kangshen and other (1999). The latter has very rich illustrative
citations giving parallels from other mathematical texts from China and also from
the rest of the world.
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Vavare: o SO = 5

S E

Writings on
Reckoning

[Group 1: Elementary
operations]|

S1(Y4ng),S2(long gap)
(1) Multiplying together

(a) a cun multiplying a ctin is a cun; multiplying a chi, [it] is one tenth of a
chi; multiplying ten chi, [it] is one chf; multiplying a hundred chf, [it] is ten
chi; multiplying a thousand chf, [it] is a hundred chf;

(b) a half cun multiplying a chi is one twentieth of a chf; one third of a ciin
multiplying one chi is one thirtieth of a chf; one eighth of a cin multiplying
one chi is one eightieth of a chf;

S3(Y4ng),S4,S5,S6
(c) one half multiplying one is a half; multiplying a half, [it] is one quarter; a
third multiplying one is one third; multiplying a half, [it] is one sixth;
multiplying a third, [it] is one ninth;

(d) a quarter multiplying one is one quarter; multiplying a half, [it] is one
eighth of a chf;

(e) a quarter ciin multiplying a chf is one fortieth of a cht; a fifth of a ciin
multiplying a chi is one fiftieth of a chf; a sixth of a ctin multiplying a ch{'is
one sixtieth of a chf; a seventh of a ciin multiplying a chf is one seventieth of
a chf;

(f) multiplying a third, [that] is one twelfth; multiplying a quarter, [that] is
one sixteenth;
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(g) a fifth multiplying one is one fifth; multiplying a half, [it] is one tenth;
multiplying a third, [it] is one fifteenth; multiplying a quarter, [it] is one
twentieth; multiplying a fifth, [it] is one twenty-fifth;

(h) The method for multiplying parts: Denominator multiplies denominator
to make the divisor; numerators multiply together to make the dividend.

Content

This section is a miscellany of notes on multiplying fractions (‘parts’ 43 fen),
consisting of several sections with common patterns. In some cases, such as (a)
length units are multiplied, so that the product represents (in modern terms) area
units.

S7(long gap)
(2) Parts multiplying
The method for a part multiplying a part [is] always: The denominators
multiply together to make the divisor; the numerators multiply together to
make the dividend.

Content

This is another version of the rule given earlier. The repetition is consistent with
the view that we are not dealing with a text intended as a systematic exposition,
but rather with a compilation of material grouped roughly under broad categories.

Parallel:

The rule from the Nine Chapters (1: Fang tidn 75 H, Gud 1990, 187; Shen 1999, 82) is
as follows:

ROMBBHEFRR/EFHERB/EEBUWERT —
The method for multiplying parts:
The denominators multiply together to make the divisor; the

numerators multiply together to make the dividend; [count] one for
[each time] the dividend accommodates the divisor.

$8,59,510(long gap)
(3) Multiplying
(a) Diminished half multiplying diminished half is one ninth; half a bu
multiplying half a bui is one quarter; half a bu multiplying diminished half of

a bu is one sixth; diminished half multiplying augmented half is two ninths.

(b) A fifth multiplying a fifth is one twenty-fifth; a quarter multiplying a
quarter is one sixteenth; a quarter multiplying a fifth is one twentieth; a fifth
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multiplying a sixth is one thirtieth; a seventh multiplying a seventh is one
forty-ninth; a sixth multiplying a sixth is one thirty-sixth; a sixth multiplying
a seventh is one forty-second; a seventh multiplying an eighth is one
tifty-sixth.

S11, S12 (2 character gap)
(c) One multiplying ten is ten; ten multiplying a myriad is ten myriad; a
thousand multiplying a myriad is a thousand myriad; one multiplying ten
myriad is ten myriad; ten multiplying ten myriad is a hundred myriad; half
multiplying a thousand is five hundred; one multiplying a hundred myriad is
a hundred myriad; ten multiplying a hundred myriad is a thousand myriad,;
half multiplying a myriad is five thousand; ten multiplying a thousand is a
myriad; a hundred multiplying a myriad is a hundred myriad; half
multiplying a hundred is fifty.

Content

Subsection (a) deals with the products of the diminished and augmented half - i.e.
with % and %. Subsection (b) covers various products of fractions from % to 1/, and
appears incomplete. Subsection (c) deals with multiples of 10 up to a hundred
myriad (1,000,000), with the addition of three cases of halving,

S13(long gap)

(4) Increasing or decreasing parts
When increasing a part one increases its numerator; when decreasing a part
one increases its denominator.

Content
The second clause of this general rule, but not the first, is applied in the section
that follows.

S14,S15(long gap)
(5) When parts should be halved
For all parts that should be halved, double the denominator; for those that
should be [made] a diminished half, 3-fold the denominator; for those that
should be quartered, 4-fold the denominator; for those that should be fifthed,
5-fold the denominator; for those that should be tenthed or hundredthed,
then 10-fold or 100-fold the denominator, according to the part you wish for.

Text and Content
See under section 6.

S16(long gap)
(6) Parts that are halved
Even if there are a hundred [further] parts proceed in this manner.
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Text note

It seems possible that this fragment is simply a continuation of the last line of the
preceding section. But the presence of the long gap at the end of S15 and the title
at the head of S16 count against that possibility.

Content

In sections 5 and 6 taken together, examples are given of applying the rule stated
in the second clause of section 4. These sections are not however bound up with 4,
since they conclude with a general statement of their own.

S17,S18(long gap)

(7) Simplifying parts

(a) The method for simplifying parts: Take the numerator from the
denominator; in turn take the denominator from the numerator. When the
numbers [on the sides of] the numerator and denominator are equal to one
another, then you can go on to simplify.

(b) Further, the method for simplifying parts:
What can be halved, halve it. Where one [can be counted for each multiple]
of some amount, [count] one for [each multiple of] that amount.

(c) * One method:

Take the numerator of the part from the denominator. [If that is] the lesser
take the denominator from the numerator. When [the numbers on the sides
of] the numerator and denominator are equal, take that [number] as the
divisor. For numerator and denominator complete one for [each time] they
accommodate the divisor.

S19(long gap)

(d) Where there is not enough to take away, that can be halved. When halving
the denominator, go on to halve the numerator.

S20(long gap)

(e) 162/2016; Simplify it [to] 9/112

Content
Subsections (a), (b), (c) and (d) all give rules for simplifying fractions, while (e) is a
numerical example given without working.

Parallel:
The rule given in the Nine Chapters is as follows (1: Fang tidn 75, Gud 1990, 183;
Shen 1999, 64). While the principle is the same, there is no obvious textual parallel.

R il =]
OXFEFXELZATXFREDPBFBUDPBSZEMRREIE
RESFHUFHAOL
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The method for simplifying parts:

What can be halved, halve them. As for what cannot be halved,
separately set out the numbers for the denominator and numerator.
Then alternately reduce them by subtraction. This is seeking for the
equality. Simplify using this equal number.

Mathematical note
We may compare this with the procedure in Euclid, Book 7 proposition 2
(paralleled for magnitudes rather than numbers by Book 10 proposition 3);

Given two numbers not prime to one another, to find their greatest common
measure.

Let AB, CD be the two given numbers not prime to one another. Thus it
is required to find the greatest common measure of AB, CD.

If now CD measures AB--and it also measures itself--CD is a common
measure of CD, AB. And it is manifest that it is also the greatest; for no
greater number than CD will measure CD.

But, if CD does not measure AB, then, the less of the numbers AB, CD
being continually subtracted from the greater, some number will be
left which will measure the one before it... (Heath 1956, vol. 2, 298-300)

And Euclid goes on to show that this process of alternate subtraction of the lesser
from the greater will produce ‘the greatest common measure’ (or highest common
factor in more modern English usage). The point of the alternating subtractions in
the present case is of course to find a number that is a factor of both the numerator
and denominator. The principle is easily understood if one imagines applying this
process, as in Euclid, to two lines of different lengths each made up of multiples of
some given line segment. Clearly the process of subtraction will end when the basic
‘building block’ segment is reached. If the length of the basic segment is not unity,
then the lengths of the lines have a common factor other than unity. Applied to
the example given above, it would work like this:

2016 and 162 can be halved to give 1008 and 81

1008 - 81 =927
927 - 81 = 846

... and so on until
117 -81=36
81-36 = 45
45-36=9
36-9=27
27-9=18
18-9=9

So 9 is the so-called déng shit FE] ‘equality number’, the largest common divisor
of the two numbers. Dividing both by nine we arrive at the simplified fraction
9/112. The example given is of course poorly chosen to illustrate the rule: anyone

39



The Suan shi shit 843 Translation. Copyright © C. Cullen 2004

familiar with the multiplication table would immediately notice that 9 is a factor of
81, and try dividing 1008 by 9 without following through the process given above.

$21,522,523,524,S25
(8) Joining parts
(a) The method for joining parts: [when] denominators are of the same kind
as one another, [then] numerators go with one another [in addition]; [when]
denominators are not of the same kind as one another, double what it is
fitting to double, 3-fold what it is fitting to 3-fold, 4-fold what it is fitting to
4-fold, 5-fold what it is fitting to 5-fold, and 6-fold what it is fitting to 6-fold;
as for the numerators, just double or 3-fold, 4-fold or 5-fold them like the
denominators.

(b) In a case where denominators are of the same kind as one another,
numerators go with one another [in addition]; [For] those not of the same
kind as each other, multiply the denominators together to make the divisor.
The numerators multiply the opposite denominators and combine to make
the dividend. Complete one for [each time the dividend] accommodates the
divisor.

(c) Now we have 2/5,3/6,8/10,7/12,2/3. How much does this make? 2 cash
and 57/60 cash; the method is like the recipe above.

(d) Five men divide 7 cash and a diminished half, and a half cash. A man gets 1
cash and 17/30 cash. The method: in the lowest [place there is] a third, [so]
make 6 from 1; then go on to six-fold the [number of] men to make the
divisor; likewise six-fold the [number of] cash to make the dividend.

(e) Again: denominators multiply denominators to make the divisor;
numerators multiply denominators crosswise to make the dividend; obtain
one for [each time the] dividend accommodates the divisor.

(f) One [account]: 10-fold what it is fitting to 10-fold, 9-fold what it is fitting to
9-fold, 8-fold what it is fitting to 8-fold, 7-fold what it is fitting to 7-fold,
6-fold what it is fitting to 6-fold, 5-fold what it is fitting to 5-fold, 4-fold what
it is fitting to 4-fold, 3-fold what it is fitting to 3-fold, double what it is fitting
to double; [when] denominators are of the same kind as one another, stop;
[when] denominators are of the same kind as one another, [then] numerators
go with one another [in addition].

Content

This section contains four separate recipes for adding fractions - (a), (b), (e) and (f).
In (c) we have an example of the process,. On the other hand (d) seems to be more
of a ‘sharing’ problem similar to the one in the next section (9) ‘Direct sharing’ jing
fen #8473, although it does involve the addition of units, halves and thirds. It seems
that the core of the method is to be found in the repeated aphorism ER¥E-FHH1E
‘[when] denominators are of the same kind as one another, [then] numerators go
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with one another [in addition]’. This appears in essentially identical form in (a) (b)
and (f). Note however that the Nine Chapters do not use this wording.

Parallel:
The Nine Chapters gives the following rule (1: Fang tidn 75, Gué 1990, 183-4; Shen
1999, 70)

aaMAa
BERFHUBEBERBSEEWEN — FimiEE LUK
mZEBREEMEKL

The method for joining parts:

Denominators multiply numerators reciprocally; add to make the
dividend; denominators multiply one another to make the divisor;
[count] one for [each time the] dividend accommodates the divisor; [as
for that part of the dividend] which does not fill the divisor, count it off
against the divisor; as for those cases where the denominators are the
same, set them out to go with one another [in addition].

Although the wording of the rule in the final line does not closely parallel that
given in this text, other parallels are close enough to be suggestive.

The process described may be illustrated with the example written in modern
terms as %+%. We write the numerators and denominators as follows:

numerators: 3 2 Diagonal multiplication gives 3x3+2x4=9 + 8 = 17
denominators: 4 3 Multiplication gives 4 x 3 =12
So the result is 17/12

Lit Hul's commentary (same reference) gives the following rationale for the
procedures described in the main text:

BAFEF ;

wmErdE, Eng, EmESzE, KoM, HREME %,
REE—th, Mo, FHAE, EmEkz, Fril@z, &
ZAIFM b, LBAERFEZE. EFHEFEHEZFR, FE, 1H
HBFRL -4 ; BE, FERBE, BARAREEM,

‘Denominators multiply numerators reciprocally’:

That which is called ‘simple’. its parts are coarse; that which is called
complex, its parts are fine. But even though they are different in being
coarse or fine, all the same they are identical in substance. The
multitude of fractions is manifold and varied, and if one does not
divide them finely they will not fit together. The way to make them
interchangeable is to divide them more finely by multiplication. When
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they have been made interchangeable, then they can be combined.
When denominators multiply numerators reciprocally, we call it
‘adjusting’. When a flock of denominators multiply one another, we call
it ‘sharing’. ‘Sharing’ means that [everything] is interchangeable and
shares in common a single denominator. ‘Adjusting’ means that
numerators are adjusted to the [resulting] denominator, so that in
relation to one another they cannot lose the original number.

The descriptive mathematical terms used by Lid Hul in this passage are not found
in the Nine Chapters itself, nor in the Suan shu shii. My English renderings attempt
to reflect the fact that these terms have common meanings in Chinese outside the
mathematical sphere, while also suggesting something of their specific
mathematical meaning in this context. I do not of course claim that these are the
only useful renderings: all translation is a process of makeshift approximation. But
here is a sketch of the reasoning behind my choices:

i tong : my ‘interchangeable’ plays on the fact that the word basically
means refers to things interpenetrating, interrelating or
intercommunicating; in the inscriptions on coins it means ‘current’.
The mathematical significance is that (for instance) two thirds and
three quarters cannot be added as they stand to make five units, any
more than two pounds and three euros make five currency units. The
fractions, like the money, need to be put into common terms (twelfths,
dollars) to make them interchangeable before they can be used
together in any arithmetical process.

[G] téng : ‘sharing’ is a basic sense of this word, and what it shared here
is simply a common denominator.

B qi : Things which are or have been adjusted so as to be level, even, or
in proper order generally are gi. If one takes a fraction such as % and
changes the denominator to 12, the numerator 3 has to be adjusted to a
new value of 9 in order to keep its previous relation to the numerator.
The word £ shi here rendered as ‘relation’ refers to the power or
potential that one thing has in virtue of its position relative to other
elements in its setting. Thus 3 in relation to 4 has the same shi that 9
has in relation to 12.

We shall see the use of these terms extended somewhat in the discussion of the
‘Excess and Deficit’ method later on (Group 11).
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[Group 2: Sharing; sharing
in proportion;
progressions]

S26,S527
(9) Direct sharing

(a) Direct sharing counts off the dividend by [each] single person. Thus: 5 men
share 3 and one half and a diminished half. Each receives 23/30. The method:
in the lowest [place] there is a diminished half [so] make 6 from 1; make 3
from a half; make 2 from a diminished half; combine them to make 23; then
set out the number of men, and then six-fold it for counting off from the

dividend.

(b) Further: The method: when in the lowest [place] there is a half then
double it; when in the lowest [place] there is a third then 3-fold it; when in
the lowest [place] there is a quarter then 4-fold it.

Content

Subsection (a) gives a brief characterisation of the problem followed by an
illustration; (b) is clearly linked in theme, but may come from a different source
since it refers to Y5 as =43 rather than % asin (b).

Parallel:
In the Nine Chapters the method is given as follows (1: Fang tidn 75, Gud 1990,
187; Shen 1999, 80):

&= 45 it 2
UANBREBHERSEENEIM—BEPEBLEETEH
miE 2

The method for direct sharing:

Take the number of men as the divisor [and] the number of cash as the
dividend; [count] one for [each time the] dividend accommodates the
divisor. In cases where there are parts, make them interchangeable;

Where there are repeated parts [of the same kind] combine them and
make them interchangeable [with those of other kinds].

Here the method is named jing fén 843 rather than the jing fen €43 used in the
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present text. It is striking that Liti Hul 21§ and other commentators are careful to
explain that here jing 8 does in fact mean jing &, and their explanations of jing
fen €43 are based on this.

What the Nine Chapters means by tong zhi &2 ‘make them interchangeable’ is of
course the series of steps in (a) by which the units and assorted fractions are made
capable of being rolled up into a single total through multiplication by 6.

$28,529(7 character gap)
(10) Paying out gold

(a) There are 3 zhui and 5/9 zhiu of gold. Now it is desired to pay out 6/7 zhii
of it. Question: how much is the remaining gold? The remaining gold is 2 zhu
and 44/63 zhi. The method: The denominators are multiplied together to
make the divisor; the numerators multiply the denominators reciprocally,
each making a dividend of its own; diminish it by the [amount] paid out; then
the remainder is the remaining [gold]. Multiply 3 zhii by the 9 parts of a zhi
and combine it with the smaller 5.

$30,S31(long gap)
(b) Now there are 3/7 zhi of gold. How much should one increase it to make
7/97 Increase it [by] 22/63 zhii. Method: The denominators are multiplied
together to make the divisor; the numerators multiply the denominators
reciprocally, each making a dividend of its own; reduce the greater by the
lesser; then the remainder is the increase.

Content

This section contains two separate examples, both involving the subtraction of one
fraction from another. The final sentence at the end of (a) looks like a scholium
added to the original, explaining how to turn 3 and 5/9 into a number of ninth
parts; there is no corresponding addition to (b). It is preceded by the ‘blob’

mark. 'The smaller 5’ is evidently a usage referring to the number of parts;
compare ‘the smaller 10’ in section 67.

Parallel:

Both of the examples given here perform the same function as the procedure for
subtraction of fractions given in the Nine Chapters (1: Fang tidn 75, Gud 1990,
184-185; Shen 1999, 76), but there are no parallels specific to this operation rather
than to manipulations of fractions in general.

532,833
(11) Buying timber in common
Three men buy timber in common. In accordance with the price one man
pays out 5 cash, one man pays out 3, and one man pays out 2 cash. Now there
is a surplus of 4 cash. It is desired to divide it differentially according to the
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number of cash. He who paid out 5 gets 2 cash; he who paid out 3 gets 1 cash
and Y5 cash; he who paid out 2 gets %5 cash. Method: combine the number of
cash paid out by the three men to make the divisor; then for each multiply
the number of cash paid out by 4 cash; you obtain one cash for [each time
these amounts] accommodate the divisor.

Content:

This is the first problem in the collection relating to rates of sharing a total in
varying proportions amongst a number of recipients. The fourth sentence
contains the phrase F}¥43 Cui fen ‘differential division’ as a name for this process,
and this is the title of the third of the Nine Chapters, in which such problems are
treated at length. There are however no precise parallels to this example.

S34,S35(6 character gap)
(12) The fox goes through a customs-post
A fox, a wild-cat and a dog go through a customs-post; they are taxed 111
cash. The dog says to the wild-cat, and the wild-cat says to the fox ‘Your skin
is worth twice mine; you should pay twice as much tax!” Question : how much
is paid out in each case? Result: the dog pays out 15 cash and 6/7 cash; the
wild-cat pays out 31 cash and 5 parts; the fox pays out 63 cash and 3 parts.
Method: let them be double one another, and combine them [into] 7 to make
the divisor; multiply each by the tax to make the dividends; obtain one for
[each time] the dividend accommodates the divisor.

Content:
This is another problem of the ‘differential division’ type.

Parallel:

The Cuifen 453 section of the Nine Chapters has its own ‘animal story” example
with the same structure of successive doubling, but this time it is not the animals
that speak but the owners of an ox, a horse and a sheep who have to share liability
for some fodder eaten by their animals - and of course the ox is said to have eaten
twice as much as the horse, who has eaten twice as much as the sheep (3: Cuifén &

43, Gud 1990, 236-237; Shen 1999, 162)

SHEBEFRAGEEIEXRAAFEIHRFRESS
FEESFSRFFSUAREIEAIHEM

&H
EH-ANAESARRAEELE—SOA LT A=
FEHEAERARZ—

=

BEXFMNSE-F—SFBRIRBEAREURIRFTARHAES
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BERE BNEE—3

Now there are an o0x, a horse and a sheep that eat someone’s sprouting
grain; the owner of the sprouting grain sets the value at 5 déu of
unhulled grain; the owner of the sheep says : ‘My sheep ate half what
the horse did’; the owner of the horse says: ‘My horse ate half what the
ox did’. Now it is desired to penalise them differentially. Question: how
much does each one pay out?

Answer:

The owner of the ox pays out 2 ddu 8 shéng and 4/7 shéng; the owner of
the horse pays out 1 déu 4 shéng and */, shéng; the owner of the sheep
pays out 7 sheng and V7 shéng.

Method:

Set out 4 for the ox, 2 for the horse and 1 for the sheep; let each of
these be the successive differentials; make an auxiliary combination of
these to make the divisor; Multiply the uncombined [differentials] by 5
ddu to make the dividend for each one; obtain 1 ddu for each time the
dividend accommodates the divisor.

As ever, the Nine Chapters version of the problem is considerably more formal and
regular than in the the Suan shu shii . Immediately after its ‘animals’ problem, the
Nine Chapters has a problem in which tax paid by three persons going through a
customs post is differentially distributed - so both elements in the Suan shu shi
example are found in the Nine Chapters, separately but in a way that suggests
some real connection.

SERFREIBATORE=FA+TRFE—ENTN
SANEHERKTERE
RUBHZIPRECEASZTEM

4=
BHA+—#-—B8hPBXN+— - SH=+Z"8—8
hWhAEZ—TZ - RE—TREBE-BAZBZA+ -

s 5
BERARIREARZIUBERRAAESBREEN
ER—8

Now we have: A brings 560 cash, B brings 350 cash, and C brings 180
cash. All three go through a customs post together; the customs post
[sets] duty of 100 cash; it is desired to pay differentially in accordance
with the size of the number of cash. Question: how much for each?

Answer:

A pays 51 cash and 41/109 cash; B pays 32 cash and 12/109 cash; C pays
16 cash and 56/109 cash;
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Method:

set out the number of cash for each to be the successive differentials;
make an auxiliary combination of these to make the divisor; Multiply
the uncombined [differentials] by 100 cash to make the dividend for
each one; obtain 1 cash for each time the dividend accommodates the
divisor.

Mathematical note

The problem is solved here, as are other examples, by constructing a sequence of
numbers (in this case 1,2 and 4) having the required ratios to one another, and
sharing out in proportion to the ratio each number bears to the total of all three.
As in the following problem, once the denominator of the fraction in the answer
has been stated once, it is omitted in the remaining two answers, which just refer
to numbers of 43 fen ‘parts’. This is not a usual practice elsewhere, and marks out
these two problems from the rest.

$36,537(long gap)
(13) The fox’s skin
The fox’s skin is 35 cdi; The wild-cat’s skin is 25 cdi; The dog’s skin is 12 cdi.
They all pass through a customs-post; the customs-post takes a combined tax
of 25 cash. Question: how much does each pay out? Result: The fox pays out
12 and 11/72; the wild-cat pays out 8 and 49 parts; the dog pays out 4 and 12
parts. Method: combine the prices to make the divisor; multiply each by the
tax to make the dividends.

Content:

The setting and wording of this problem parallel 13 closely enough to suggest that
they come from the same source. What exactly #: cdi represents in this context is
unclear, but it obviously serves as a measure of quantity of skin and hence of value.

$38,539(long gap)
(14) Carrying hulled grain
A man is carrying hulled grain - we do not know how much - as he passes
through three customs posts. [Each] post takes a duty of 1 in 3. After leaving
he has one dou of hulled grain left. Question: when he started going, how
much hulled grain did he bring? Result: The hulled grain he brought was 3
dou 3 shéng and %. Method: Set out one, and thrice double it to make the
divisor. Again set out one dou of hulled grain and 3-fold it Again three-fold it
and [multiply by] the number of passes to make the dividend for it.

Content:
This problem falls under one of the types discussed in the ¥3J#i Jiin shi ‘equitable
transport’ section of the Nine Chapters where some of the problems show how to
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work back to an original amount that has been reduced by some proportional
deduction. Within the present text it resembles other sections such as 18 and 19 in
which similar principles operate.

Mathematical note

The statement of the working seem a little confused. The mathematics involve
three successive multiplications of the remaining hulled grain by (3/2) to restore
the original amount. The text can be read as saying that the divisor should be
2x2x2 (see the parallel in 68 below), but what follows seems an awkward way to
refer to a multiplication of 1 ddu by 3x3x3, although the answer given is accurate.
There is however no obvious and simple emendation that can restore order.

Parallel:

The Nine Chapters have a very close parallel to this problem (6: Jiin shii 338, Guo
1990, 339; Shen 1999, 345) although the wording (as so often) is clearer and more
regular compared to the present text.

SHEARFAKRE=ZBAIBA=ZMN—PEALAMN—AEEtM
M—BRARKAIBERFREMD

&H
TIARANSGAZR=ZWHERAIUMKE=2ALZt
XBBUBRAHRE_NAERBEENEE—3

Now there is a man carrying hulled grain, who passes through three
customs posts:

the outer post takes 11in 3;

the middle post takes 1 in 5;

the inner post takes 11in 7;

the remaining hulled grain is 5 déu.

Question: how much was he originally carrying?

Answer: 10 d6u 9 shéng and ¥ shéng.

Method:

set out the hulled grain, 5 déu;

using the amounts taxable, 3-fold it, 5-fold it, 7-fold it to make the
dividend;

using the tax-free remainders of 2, 4, and 6 multiply them together to
make the divisor;

[count] one ddu for [each time] the dividend accommodates the divisor.

S40,541,542(5 character gap; ‘checked by Wéang’)
(15) The woman weaving
In a neighbouring village there is a woman good at weaving, who doubles her
[production each] day. In weaving, [she] says: ‘On the fifth day I [had] woven
five chi.” Question: on the day she began weaving and the subsequent ones,
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how much [was produced] in each case? Reply: At the start she wove 1 ctin
and 38/62 ctin; next 3 cun and 14/62 cun; next 6 ciin and 28/62 cuin; next 1
chi 2 cun and 56/62 cun; next 2 chi 5 cun and 50/62 cun. Method: set out 2;
set out 4; set out 8; set out 16; set out 32; combine them to make the divisor;
multiply them by 5 chi on one side, each to make its own dividend; obtain a
chi for [each time] the dividend accommodates the divisor; what does not fill
a chi, 10-fold it; [count] 1 ctin for [each time the result] accommodates the
divisor; for what does not fill a ciin, designate the part by the divisor.

Content:

This is one of two ‘weaving rates’ problems in this collection. This one is linked
with the name of Wang, while 21 below (in which there is a mistake) mentions
Yang.

Mathematical note:

The solution starts from the notion that the production of successive days can be
said to be in the ratio 2:4:8:16:32. The total of 5 cun is thus divided into
(2+4+8+16+32) = 62 parts, and these are allocated to days in accordance with the
ratios listed. It is not clear why the ratios start from 2 rather than 1, nor why the
fractions in the result are not reduced to their lowest terms.

Parallel:

The Cuifen 453 section of the Nine Chapters has a very close parallel (3:Cuifén £
3, Gud 1990, 237-238; Shen 1999, 162-163). Note however that unlike the present
text, the Nine Chapters begins its doubling with 1 rather than 2; also the fractions
are reduced to their simplest terms.
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Now there is a girl good at weaving who doubles her [production] every
day; in 5 days she weaves five chi. Question: in [each] day how much
does she weave?

Answer:

On the first day she weaves 1 ciin 19/31 ctin; on the next day she
weaves 3 ciin 7/31 cin; On the next day she weaves 6 ctin 14/31 cun; on
the next day she weaves 1 chi 2 ctun 28/31 cun; On the next day she
weaves 2 chi’5 cun 25/31 cun.
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Method:

set out 1, 2, 4, 8, 16 as separate differentials; adjointly combine them to
make the divisor; multiply the uncombined [differentials] by 5 chi, each
to make its own dividend; obtain 1 chi for [each time] the dividend
accommodates the divisor.

S43,544,545(long gap)
(16) Combined tax
3 bu [planted with] millet: [produce] 1 dou; 4 bui [planted with] wheat
[produce] 1 ddu; 5 bt [planted with] beans [produce] 1 ddu. Now combining
them, one taxes 1 shi. Question: how much is the tax? Result; millet: the tax is
4 ddu and 12/47; wheat: the tax is 3 ddu and 9 parts; beans: the tax is 2 ddu and
26 parts. Method: S et out 3 bii of millet; 4 bu of wheat; 5 bti of beans. Let millet
multiply wheat to make the dividend for beans; beans multiply millet to make
the dividend for wheat; wheat multiply beans to make the dividend for millet.
Set out each [dividend] separately, multiply each by one shi and 10-fold it to
make the dividend. One ddu [comes from taking] 47 as the divisor.

Parallel:
I do not know of a parallel with this type of problem in the Nine Chapters.

Mathematical note

In order to produce the results given, the underlying assumption must be that
equal amounts of land are devoted to each type of crop, and that they are then
taxed at the same fractional rate of product per area. producing a total of 1 shi of
the three grains combined. Clearly then the contributions of each type of grain to
the total will be in inverse proportion to the land area required to produce 1 déu of
each type of grain. So if we designate the amount of each type of grain in the 1 shi
tax by the initial letters of each type of grain, we find that (in modern terms) the
contributions will be in the ratios:

millet:wheat:beans :: (¥4):(%4):(V5)

And so in Suan shu shii terms we may use these three fractions as the cui &
‘differentials’ for the three grains as in previous examples. Thus for example the
share of the 1 shi allocated to millet will be:

1shix () /{(V5)+(4)+(Vs)}

1 shix 4 x 5/{4x5+3x5 + 3x4}
1shix4x5/47

10 dou x 4 x 5/47

10 dou x 4 x 5/47

4 déu and 12/47 as stated above.

S46
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(17) The price of gold
(a) The price of gold: 1 lidng is 315 cash. Now there is 1 zhu [of gold]. Question:
how many cash does one get? Reply: One gets 13 cash and %. Method: Set out
1 lidng’s number of zhi to make the divisor; take the number of cash as the
dividend; obtain one cash for [each time] the dividend accommodates the
divisor.

S47(long gap)
(b) 24 zhu are 1 lidng; 384 zhii are 1jin;. 11520 zhi are 1 jiin; 46080 zhii are 1
shi.

Content:

This is a simple price calculation, followed by a list of measures with their
equivalents. The calculation finishes just at the end of strip 46, so there is no
evidence from continuity of text that the list on strip 47 originally belonged at this
point, despite its general relevance to the calculation. I have therefore marked it as
a separate subsection.

Mathematical note:
From the table of measures in terms of zha at the end of this section, we may
deduce that :

24 zha are 1 lidng
16 lidng are 1 jin
30jin are 1 jun

4 jun are 1 shi

These are the usual ratios; the Han dynasty shi was about 29.5 kg.in modern terms

[Group 3: Wastage]

S48,549(long gap)
(18) Hulling unhulled grain
There is conferred unhulled grain, 1 shi: hulling it makes 8 déu 8 shéng. How
much wastage unhulled grain should be added? Reply: 1 déu 3 sheng 7/11
sheng. Method: Set out the number of shéng in the hulled grain obtained as
the divisor; further set out the number of shéng in one shi of unhulled grain,
and multiply it by the number of shéng of wasted hulled grain; obtain 1 sheng
for [each time this result] accommodates the divisor.
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Content

The next section, 19 also deal with the question of wastage occurring during
processing of commodities. The aim here is to ensure that 1 shi remains after
hulling has been performed.

Mathematical note

1 shiis 10 dou. So if the product from 1 shi after hulling is 8 déu 8 shéng, we have
lost 1 ddu 2 shéng. This extra amount of hulled grain corresponds to the following
amount of unhulled grain:

(1 dou 2 shéng) x (10 déu)/(8 ddu 8 shéng) = 12 x 100/88 shéng

=13+ 7/11 shéng

=1dou 3 shéng 7/11 sheng.

We may note that the ratio of unhulled to hulled grain produced used here is
100:88 = 50:44. This is different from the ratio 50:30 found in the Nine Chapters
and also in section 36.

Parallel:

The mentions of hao ¥ ‘wastage’ in the Nine Chapters occur in problems relating
to drying of commodities (rather than the hulling of grain, or the melting of
bronze as in section 19. On drying grain in the Suan shu shii see 34 and 35; drying
of textile fibres is dealt with in 37. 41 has a parallel instance of wastage in hulling,
although the rate of loss is slightly different from this. It does however seem
worthwhile to cite the Nine Chapters (3: Cuifén, Gud 1990, 243-244; Shen 1999,
170-171) here, since the underlying mathematical principles parallel this section
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Now there is 1 jin of undressed silk; the wastage is 7 lidng. Now there is
23 jin 5 lidng of undressed silk. Question: how much is the wastage?
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Answer: 163 lidng 4 % zhu.

Method:

Take 1 jin unfolded into 16 lidng to be the divisor; multiply the number
of lidng in the present amount of undressed silk by 7 lidng to make the
dividend; by accommodating the dividend to the divisor obtain the
number of the wastage.

Now there is 30 jin of fresh undressed silk; in drying it the wastage is 3
jin and 12 lidng. Now there is 12 jin of dried undressed silk; Question:
how much fresh undressed silk [was there]?

Answer: 13 jin 11 lidng 10 zha */, zhu.

Method:

Set out the number of lidng of fresh undressed silk; reduce by the
number of wasted [lidng]; take the remainder as the divisor; 30 jin
multiplies the number of lidng of dried undressed silk to make the
dividend; by accommodating the dividend to the divisor obtain the
number [of jin] of fresh undressed silk.

$50.S51(long gap)
(19) Bronze wastage
In casting bronze the wastage on 1 shi'is 7 jin 8 lidng. Now there is 1 jin 8 lidng
8 zhu of bronze. Question: how much wastage is there? Result: 1 lidng 12 zhu
72/144 zhi. Method: Set out the number of zhii in one shi as the divisor; then
set out the number of zhii in the 7 jin 8 lidng; multiply it by the number of
zhi in the 1jin 8 lidng 8 zha; [count] 1 zhi [for each time the dividend]
accommodates the divisor.

Content:

This problem is one of the ‘wastage’ category referred to in the notes to 18.
Mathematical note:

This problem depends on the conversion of all larger units into zhi in the manner
set out in 17: Thus we are told that the wastage on 46080 zhii is

(7x384+8x24) zhii = 2880 zhil.

So the wastage on (1x384 + 8x24 + 8) zhii = 584 zhii is:

584 x 2880/46080 zhii = 36 zhii 23040/46080 zhii
= 1lidng 12 zha 72/144 zhu

(leaving the fraction over the denominator used in the text, rather than
simplifying further).
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|Group 4: Sharing,
contributions and pricing]

$52,553(long gap)
(20) Post horses
Post horses: for 1 day, 2 [horses] share 2 shi of hay and stalks. Let the hay be 3
and the stalks 2. Now one [further horse] arrives early. Question: how much
hay and stalks must one provide? Reply: Provide 4 déu of hay and 2 déu % déu
of stalks. Method: Set out the hay’s 3 and the stalks’ 2 and combine them;
multiply [the result] by the 3 horses to make the divisor; multiply what has
been set out [i.e. the proportions of hay and stalks] by 2 shi, each to make its
own dividend.

Content:

The problem involves a situation where a post-station has sufficient rations for two
horses, but finds itself unexpectedly having to cope with three, since one horse
arrives before either of the two original horses leaves. The answer gives the
amounts of hay and stalks for each horse per day, assuming the given proportion
between the two types of fodder. Contemporary regulations for the feeding of
post-horses and other official beasts of burden can be found in Zhangjiashan (2001),
189-190. There are however no exact parallels to the amounts given here.

Mathematical note:
The calculation as follows.

In the text, the result is obtained by calculating:
hay: (2 shi) x3/(5 x 3) stalks: (2 shi) x 2/(5 x 3)

The thinking is evidently that since the balance of types of fodder is expressed out
of a total of five parts, and there are three horses, the shares of each horse will be
made up of a number of 15th parts of the total fodder, distributed proportionately
between the two fodder types.

$54,555,556(5 character gap; checked by Yang)
(21) Women weaving
There are 3 women; The eldest one weaves 50 chi in 1 day; the middle one
weaves 50 chi in 2 days; the youngest one weaves 50 chi in 3 days. Now their
weaving produces 50 chi. Question: how many chi does each deliver? The
result: The eldest delivers 25 chf; the middle one delivers 16 chi and 12/18 chf;
the youngest delivers 8 chi and 6/18 chi. Method: set out 1; set out 2; set out 3;
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then let each [contribute] as many to make the divisor. Then 10 and 5 -fold
them to make the dividends; one chif results from [each time the dividends]
accommodate the divisor; for what does not fill a chi, designate the parts
according to the divisor. 3 is the dividend for the eldest one; 2 is [the
dividend] for the middle one; 1 is [the dividend] for the youngest one.

Contents:

This is another weaving problem, related but not identical to 15, which is
annotated with the name of Wang, If these names are those of the authors of
problems, and if these two authors were aware of one another’s existence, it seems
possible that Yang may have wanted to contribute a distinctive weaving problem
of his own involving a series of numbers based on rates of work, leading to a
division of a total length of cloth - 50 ch{ in both cases. Unfortunately there is a
flaw in the reasoning which has led to the wrong answer - see below.

Parallel:

The Nine Chapters (6: Jin shi $3J#i, Gud 1990, 338; Shen 1999, 343-345) has a
problem involving the same basic principle of several sources contributing to a
known total at different rates:
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Now there is a pool with five channels running into it. When one
channel is opened it fills the pool once in a diminished half of a day;
when the next is opened it fills the pool once in 1 day; when the next is
opened it fills the pool once in 2 % days; when the next one is opened it
fills the pool once in 3 days; when the next one is opened it fills the
pool once in 5 days. Now they all pour into it. Question: how many days
will it take to fill the pool?

Answer:
15/74 day.

Method:

set out the number of times each channel will fill the pool in one day;
combine these to make the divisor; take one day as the dividend,;
obtain one day for each time the dividend accommodates the divisor.

One method:

55



The Suan shi shit 843 Translation. Copyright © C. Cullen 2004

set out in order the numbers of days and the number of fillings; let the
days multiply the fillings reciprocally; combine them to make the
divisor; the day numbers multiply each other to make the dividend,
obtain one day for each time the dividend accommodates the divisor.

Mathematical note:

In the Nine Chapters example, a pool is filled by five separate streams, and in each
case we are told how many days each would take to fill the pool on its own. The
correct step is then to take the reciprocals of these rates to find how many times
each day the pool would be filled by each stream alone,. These are then
amalgamated and divided into one day to find how long all the streams together
take to fill the pool. Clearly Ydng’s calculation would have worked in the same
way if he had taken the number of times each woman wove 50 chi in one day as his
basic rates, rather than the days each took to produce 50 chi. Thus, for all the
women weaving together to produce 50 chi would take:

1day/ (1+%+ )= 6/11 day
From this it follows easily that the actual productions of each of the three women
during this time will be:

50x 6/11 chi = 27 3/11ch{
50/2 x 6/11chi = 13 7/11 chi
50/3 x 6/11chi = 9 1/11 chi

It seems that the problem author’s check of his answer must have been limited to
seeing whether his total was 50 chi - which it certainly is. He cannot have asked
himself whether the ratios of the contributions made sense, since otherwise he
would have been warned by the fact that the production of the middle woman is
not half of the production of the eldest, as it should have been.

$57,558(long gap)
(22) Feathering arrows
2 quills of feathers are 5 cash. Now there are 37/57 of a quill. Question: how
much does one get [for it]? Reply: One gets 1 cash and 71/114 cash. Method: 2
multiplies 57 to make the divisor; multiply 37 by 5 to make the dividend,
[count] 1 cash [for each time the dividend] accommodates the divisor; [for
what is] not filled, denominate the part by the divisor.

Content:

This is a very simple problem on the application of a known per unit price to a
non-unit quantity. The content of 23 is very similar, and 24 is only a little more
elaborate. The complex fraction of a feather involved here is of course purely for
the sake of creating an arithmetical exercise.

Mathematical note:

The calculation is
(37x5)/(2x57) cash =1 and 71/114 cash
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Parallel:

The purchase of quills of feathers is mentioned in one problem in the Nine
Chapters (2: St mi F&2K, Gud 1990, 227; Shen 1999, 154-155), but the principle
behind the problem is more different and more complex (the quills have two
unknown prices in integral numbers of cash), and there is no obvious parallel.

$59,560(damaged; three visible characters at the top, then seems to
have a long gap before the break)
(23) Lacquer money
A ddu of lacquer is 35 cash. Now there is 5/40 ddu. Question: how many cash
does one get? Reply: one gets 4 cash and % cash. Method: Take 40 as the
divisor; multiply 35 by 5 to make the dividend; obtain 1 cash for each time the
dividend accommodates the divisor.

Content:
The problem (which involves calculating 35 x 5/40) seems to be completely stated
and solved in the text we see, despite the damage to the second strip.

S61,562,563(long gap)
(24) Silken strip
A silken strip is 22 ctin in breadth and 10 cun in length. Its price is 23 cash.
Now it is desired to buy a cut along the length 3 cun in breadth and 60 ctin in
length. Question: the total ctin, and the price in cash - how much is each one?
Reply: 8 ctin and 2/11 cin; the price is 18 cash and 9/11 cash. Method: take 22
cun as the divisor; take the breadth and length multiplied together as the
dividend; obtain 1 cun [for each time the dividend] accommodates the divisor.
Go on to take the number of ctin in a chi as the divisor; multiply the number
of cash in the price of 1 chi by the number of ciin obtained [above] to make
the dividend. Obtain 1 cash [for each time] the dividend accommodates the
divisor.

Content:

This odd little problem has no parallels that I know of in the Nine Chapters or
elsewhere. The object is to cut an amount from a strip of a certain width, 1 chf,
that will be of an area equivalent to a piece of given dimensions, and to calculate
its price. We may note that according to excavated Qin regulations the breadth of a
regulation bolt of cloth was 25 ctin: see Shuihtdi (2001) p. 36, whereas in Han times
the breadth was 22 ctin as in this example: see Zhangjiashan (2001) p. 168.

Mathematical note:

We calculate the length required to be cut from the standard 22 cun strip from
3x60/22 cin=8and 2/11 cun

Since a 10 cun length costs 23 cash, the price of this is

23 cash x (8 and 2/11 ctin)/10 cun

= 18 and 9/11 cash
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S64,S65(long gap)
(25) Interest money
[If] the capital is 100 cash, the interest is 3 a month. Now the capital is 60
cash; it is returned when the month has not yet filled 16 days. Calculate how
much the interest is. Result: 24/25 cash. Method: calculate the amount of
accumulated cash for 100 cash over one month and make that the divisor; set
out the cash of the capital and multiply by the interest on 100 cash for one
month; then multiply by the number of days and make it the dividend; obtain
1 cash of interest for [each time] the dividend accommodates the divisor.

Content:
This problem is about simple interest: it is the only reference to money-lending in
the present text.

Mathematical note:
In modern terms, the method finds the integral of capital lent over the lending

period; this quantity is labelled ji gidn &£ ‘accumulated cash’, following a similar
usage in astronomical writing: see also section 67 in the present text.

Parallels:
The Nine Chapters has a close parallel to this problem (3: Cuifén 43", Gud 1990,
243; Shen 1999, 172-174)
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Now we have a case of lending someone 1000 cash; The monthly
interest is 30. Now we have a case of lending someone 750 cash; in nine
days it is returned. Question: how much is the interest?

Answer:
6 cash and % cash.

Method:

multiply the 1000 cash by the 30 days of a month to make the divisor;
multiply the number of cash now being lent by the interest of 30; then
multiply it by 9 days and make it the dividend; obtain 1 cash for [each
time] the dividend accommodates the divisor.
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It is notable that the interest rate is the same (3% a month) although the amount of
capital and length of lending period are different.

S66,567(long gap)
(26) Pouring [water] into lacquer
[Into] 1 ddu of lacquer one pours 3 ddu of water, while for a pan into which
water is poured, 2 déu and 7 shéng fill the pan. Question: the remaining
lacquer and the remaining water - how much is each? Reply: the remaining
lacquer is 30/37 shéng; the remaining water is 2 shéng 7/37 sheng. Method:
putting together the 2 déu and 7 sheng and the 1 déu, make 37 the divisor;
further set out the 27 and the 10 shéng, and 3-fold each to make a dividend,
[count] one for [each time] the dividend accommodates the divisor.

Content:

On the face of if, this is a straightforward problem about the proportions of
components in a mixture, and the resulting amount of each component in some
given volume of mixture. The administrative practice underlying the problem is
undoubtedly the Qin regulations cited by Péng Hao (2001) 9-10, which deal with the
testing of batches of lacquer to reveal the loss of water by evaporation, with
progressive penalties for those responsible for delivering lacquer with high water
loss. The testing process seems to involve adding water to the lacquer sample until
the mark showing the level of the original fresh lacquer is reached. However the
way the problem is phrased is by no means simple and clear. Compare Hulsewé
(1985) 97-98.

Mathematical note:

Looking at the mathematical structure of this problem, we note that the total of
the ‘remaining’ water and lacquer is 3 shéng, which is what would overflow if 3 déu
(=30 sheng) of liquid was poured into the pan, which is said to have a capacity of 2
déu and 7 shéng. That much makes obvious sense. But turning to the proportions
of the water and lacquer in this 3 shéng of overflow, they are;

water: lacquer = 27/37 : 10/37 = 2.7:1

which suggests that we started off with a mixture totalling 37 units (let us assume
they were shéng) made up of 27 units of water and 10 of lacquer. These could be
assumed to have been contained in the pan full of water (27 shéng) and a full déu of
lacquer (10 sheng).

On this basis, if we look at the amount of non-remaining ingredients, we would
have:

water: 27-2 7/37 = 24 30/37 = 918/37
lacquer: 10- 30/37 = 9 7/37 = 340/37

These are also in the ratio 2.7: 1, and total up to 34 shéng

The assumption seems to be therefore that 10 shéng of lacquer were mixed with 27
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sheng of water - but that the resultant volume was only 30 shéng. This was then
poured into the 27 sheng pan, and an overflow of 3 sheng occurred, containing
ingredients in the proportions calculated here. There is clearly some flaw in the
way this problem is conceived.

[Group 5: changes in rates]

S68,569(long gap)
(27) Duty on a field
There is duty on a field of 24 bii. 8 bu [produces] 1 ddu. the tax is 3 ddu. Now in
error it is ticketed at 3 ddu 1 shéng. Question: how many bt give a ddu [on that
basis]? Result: 7 bu 23/31 bu [produce] 1 ddu. Method: make the 3 ddu 1 shéng
the divisor; 10-fold the tax [and the] field; Make it accommodate the divisor
[to obtain] 1 b1

Content:

This problem seems to be concerned with the consequences of bureaucratic error:
a field that should have been rated (literally ‘ticketed’ & quan) at a given rate is
assessed at a higher total rate, and the object is to decide what the implied rate per
unit area would be. The initial statement of the total area of the field is not used in
the calculation. Sections 38 and 39 are also concerned with the consequences of
mistakes in tax assessment.

Mathematical note:

The calculation is

10x 3x 8/(31) but=7 and 23/31 bu

Clearly the 3 dou 1 shéng are converted to 31 shéng for the calculation.

S70 (4 character gap)
(26) Norms for bamboo

(a) The Norm: A bamboo of 8 cun [circumference] makes 183 slips of 3 chi.
Now slips are made from a 9 ciin bamboo. How many slips should there be?
Reply: it makes 205 slips and 7 of a slip. Method: Take 8 cun as the divisor
S71
(b) The Norm: One piece of 8 ctin bamboo makes 366 slips of 1 chi 5 ctin. Now
it is desired to use this bamboo to make slips of 1 chi 6 ctin. How many slips
should there be? Reply: It makes 343 and Y% slip. Method: Take 16 ctin as the
divisor.

Content:
The heading of this section contains the first occurrence so far in this text of the
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term chéng #£, familiar from Qin administrative documents with the sense of
‘regulation’, ‘standard’, or (as suggested here) ‘norm’ as a standard for
productivity; compare Hulsewé (1985) 61. For examples, see 45-46 in Shuihtidi
(1990) where there are three items labelled gong rén chéng T AF2 ‘chéng for
workmen’ detailing standards for production by workers. Note 1 of Shuihtdi
(1990) to strip 108 interprets 2 in this context as the amount of work done per
day. This word is found twenty times in the present text, usually in circumstances
that suggest that the writer is quoting some official standard. 1t is therefore fitting
that the first instance of its use should refer to the production of bamboo writing
slips, the standard office stationery of the early imperial bureaucrat.

Mathematical note:

The two problems here, obviously from the same source, simply look at the
consequences of changing the circumference of the bamboo to be used, and the
length of the strips to be cut. The width of strips and the length of bamboo to be
used do not enter into the calculation. Unusually, the ‘method’ section gives only a
brief gesture towards the calculations that is to be made, which are of course:

9x183/8 = 1647 /8 = 205

366 x15/16= 5490/ 16= 343 W

S72(damaged and only partly decipherable),S73(perhaps 5 character
gap)
(29) The doctor
The Norm: A doctor treating the sick gets 60 strings of cash ... 20 strings of
cash ... the Norm ... not .... How much does he owe if he gets 607 Reply: he
owes 17 strings and 11/269 strings. Method: take the strings he gets now as
the divisor; let 60 multiply the strings he owes as the dividend.

Content:

This reference to a doctor is fascinating in a number of ways. Firstly, there is the
mere fact that an official interest is taken in his income. Is he being taxed, or is he
being paid in some way out of official funds? It seems clear that here fi & should
be taken in the sense of ‘owe’ rather than ‘carry’ as on strip 38: cf. Hulsewé (1985)
98. If he is being paid. is he a state employee? Then there is the size of the amount
involved, 60 strings of cash (this is, by the way, the only time the word suan &
occurs in the present text, apart from in the title). While in the title it clearly
refers to calculation, here it can hardly mean anything other than a string of cash,
and 60 strings is quite a large amount. Unfortunately the indecipherable state of
much of the strips greatly reduces our ability to draw useful conclusions from this
material. Furthermore, it is not certain that strip 73 really belongs after strip 72
(which ends with ‘not ..."). The only reasons for the link are the fact that both have
the word suan &, and the figure 60 is common to both.

Mathematical note:
The calculation here seems to amount to:
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17 11/269 = 60x o/s

where o is the number of strings he ‘owes’ when the number of strings he ‘gets’ is s

4584/269= 60x0/s

therefore:

768/269= 10x0/s

But from this no reasonable value with o0 and s as small whole numbers emerges.
Gud Shichiin (2001, 209) deals with this situation by inserting a large number of
characters to give figures that work, but there is clearly no room for any of this on
the strips themselves.

|Group 6: Rating by unit]

S74,S75(long gap)

(30) Rating by the shi

The method for rating by the shi says: take what is bought or sold as the
divisor; multiply the number [of units of the relevant measure in] 1 shi by the
cash obtained. If there is a half in the lowest [place], double it. If [there is] a
diminished half, 3-fold it; in cases where there are déu and shéng, or jin, lidng,
and zhi, then in such cases throughout break the higher [units into lower
ones], and let the lower ones follow them [in addition] to make the divisor. As
for what the cash multiplies, likewise break it like this.

Content:
This seems to be the general statement for which 31 serves as a specific example.

$76,577(long gap)

(31) Pricing salt

Now there is salt: 1 shi 4 déu 5 shéng and a diminished half shéng. As a price
one obtains 150 cash. It is desired to rate it by the shi. How many cash does
that make? Reply: 103 cash and 92/436 cash. Method: 3-fold the amount of
salt to make the divisor; likewise 3-fold the number of shéng in 1 shi; multiply
it by the cash to make the dividend.
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Mathematical note

Following the method previously given we ‘break’ the higher units in 1 shi 4 déu 5
shéng to obtain 145 shéng. To deal with the extra % (‘diminished half’) shéng we
multiply 145 by three and add one to obtain 436. This is ‘what is bought or sold’,
and gives us the divisor. There are 100 shéng in 1 shi, so this is ‘the number [of
units of the relevant measure in] 1 shi”. This too must be multiplied by 3 because of
the way we dealt with the ‘diminished half’. Finally we multiply by the number of
cash and the calculation is:

300 x 150/436 = 103 and 92/436

Parallels:

The Nine chapters has a group of problems in the its chapter (2: St mi &K, Gud
1990, 233-234; Shen 1999, 151), of which the last is representative and similar to the
ensemble of 30 and 31 given in the present text:

SHEEBE-—EB=FTREBtTE# A =-BH—tTtRr#A

RZEREM

&H
—AENF=ZEZ=+ARE-BATERBZ—BLt+N
LRMAE

UFRRE2FRBHRE  LAMERRBE > BWES—

Now one pays out 13670 cash, to buy 1 shi 2 jiin 17 jin of silk. It is
desired to rate it by the shi, Question how much is a shi?

Answer:
1 shi'is 8326 cash and 178/197 cash.

The method for direct rating says:

multiply the number of cash by that according to which you seek to
rate it, to make the dividend; make the rate at which you buy the
divisor; obtain 1 for [each time] the dividend accommodates the
divisor.

S78(long gap)
(32) Undressed and dressed silk fibre
Seeking dressed silk from undressed fibre: take and 12-fold it. Obtain 1 for
each reduction by 16.

Content:
This is a simple statement of a conversion ratio between the weights of silk fibre at
successive stages of processing. This is one of the cases where modern ‘division’ is
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effected by repeated ‘reduction’, i.e. subtraction.

Parallel:

LiG Hul's commentary to a problem in the Nine Chapters about the conversion of
types of fibre (6: Jiin shii ¥3#i, Gud 1990, 327; Shen 1999, 326) points to the same
conversion rate as specified here:

- G R—7NRER+

...50 here the rate for unreeled fibre is 16 and the rate for dressed fibre
is 12.

$79,580,581,582(long gap)
(33) Worked fat

(a) There are 3 ddu of hulled grain. Question: how much each of fat and water
will be used to make how much worked [product]? Reply: Use 6 jin of fat and
4 shéng and half a sheng of water, to make worked fat, 10 jin 12 lidng 19 zha ¥5
zh.

(b) To make worked [product]: 1 dou of hulled grain, one déu and half a déu of
water, 20 jin of X fat, make 36 jin of worked fat. Now there are 5 jin of Y fat.
Question: using hulled grain and water to make worked [product], how much
is it of each? Result: use 2 shéng and half a shéng of hulled grain, and 3 sheng
and % shéng of water, to make 9 jin of worked [product]. Method: Take 20 as
the divisor; set out 15 of water, 10 of hulled grain and 36 of worked [product],
and multiply by 5 to make the dividends; [for each time] the dividends
accommodate the divisor, obtain 1 shéng of water or hulled grain, and 1 jin of
worked [product]. For what does not fill [the divisor], designate the parts
according to the divisor.

(c) From each one lidng of worked [product], hulled grain, and X, one gets 5/9
of Y.

Content:

The nature and purpose of this (to modern ears) rather unpleasant sounding
product (fat, hulled grain and water, somehow amalgamated) are not clear. In (b)
and (c), X and Y represent two unknown characters & and J& evidently
designating types of fat. But mathematically, the problem is a simple one of the
proportion of components in a mixture. The text runs continuously from one strip
to the next. This section divides fairly clearly into (a) in which an answer to a
problem is given without working, and (b) in which a statement of the proportion
of ingredients for a given amount of product leads on naturally to a stated problem,
a solution and a method statement. In (c) we may be seeing a garbled statement of
the fact that each unit of product corresponds to 5/9 of a unit of fat.

64



The Suan shi shit 843 Translation. Copyright © C. Cullen 2004

Mathematical note:
On the basis of the emended text, the figures in (b) work out in obvious
proportions:

water (dou):hulled grain (dou): fat (jin): product (jin) :: 15: 10: 20: 36

Now in (a) the amounts of water, hulled grain and fat are 3/10 those given in (b).
Since

36jin =36 X 16 X 24 zhui = 13824 zhii

the expected amount of product in (a) is
3/10 x 13824 zhii = 4147 zhii and ¥ zhii = 10 jin 12 lidng 19 zha ¥5 zha

So the figures in (a) and (b) are consistent.

|Group 7: wastage, and
equivalents]

S83
(34) The Norm for collecting
(a) The Norm for collecting is 10 bui for 1 ddu. Now when we dry it, [we get] 8
shéng. Question: how many bu [for] one dou? Result: 12 bu and a half [gives] 1
déu. Method: The 8 sheng makes the divisor; set out the number of bu for one
ddu and 10-fold it; [for each time it] accommodates the divisor, [count] 1 bt.

S84(8 character gap)
(b) The Norm [for collecting]: [from] 37 bu one gets 19 dou and 7 shéng of
millet. Question: how many bu for 1 déu? Result: Reducing the field, 1 bu and
173/197 bu for 1 ddu

S85(2 character gap)
(c) The Norm for collection: 5 bt for 1 ddu. Now when one dries it, [one gets] 1
dou 1 shéng. It is desired to reduce the field to make it 1 déu. Result: Reduce
the field by 5/11 bii. Method: Multiply 5 bu by the number of shéng in 1 ddu.
Let there be 1 for 11.

Content:
This section consists of three subsections all apparently relating to the same basic
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theme: there is a norm for the taxable productivity of a certain field, but when the
produce is dried after harvest it is found to depart from this. Since there is no
continuity of text from one strip to another, the only evidence that they belong
together is that they all clearly fall under the topic named in the title of strip 83.In
(a) the field is under-producing and the problem is to find its true rate of
production. In (c) a piece of land that is over-producing has land removed from it
to bring its total product back to the norm. In (b) the problem seems to be to find
the amount of land to produce one unit of grain, though the figures only work as
here on the basis of an emended text. This section is clearly related to 35.

S86,587(long gap)
(35) Wastage on tax
In wastage on tax, the production is more and the dried [product] is less. The
Norm for collection is 7 bu % bu [yielding] 1 ddu. Now one dries it to 7 shéng
and a diminished half shéng. It is desired to take the number of bu for 1 déu.
Method: Set out 10 sheng to multiply the 7 but % bu. Every one
accommodation of the dried [norm] is one count. Reply: 9 bit 39/44 bu for 1
déu. The Norm for other things is similar to this.

Content:
This is another ‘wastage’ problem similar to 33, though seemingly from a different
source.

Mathematical note:

The calculation works as follows
10x (29/4)/(22/3)

(3x29)/(88)

9+78/88

9+39/44

S88(2 character gap; Wang)
(36) The norm for millet
(a) The Norm: 1 shi of hé shii [panicled millet?] makes 16 ddu and augmented
half a déu of unhulled grain. Hull it to make 1 sh{ of li hulled grain. 1 shi of li
hulled grain [is] 9 ddu of zuo hulled grain. 9 ddu of zuo hulled grain makes 8
déu of hui hulled grain.

S89(3 character gap)
(b) The Norm: 1 shi of dao hé [rice?] makes 20 ddu of unhulled grain. Hull it to
make 10 dou of hulled grain. It makes hui can hulled grain 6 déu and % déu. 10
dou of wheat [is] 3 ddu of [fine] crushed wheat.

S90(long gap to end)
(c) The Norm: wheat, soybeans, beans and hempseed are 15 du for 1 shi. In
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conferring hui and zuo there are 10 déu to 1 shi.

Content:

This is section deals with the topic of ‘grain equivalents’, to which a whole chapter
of the Nine Chapters is devoted (2: St mi F&2K, Gud 1990, 213-234; Shen 1999,
134-156). In problems related to this topic, we are typically concerned to convert
one type of grain into an equivalent amount of some other type, either by
exchange for equal value, or by finding the amount yielded when the original grain
is subjected to processing, ranging from simple hulling to various degrees of
polishing. No problems are stated in this section: we are simply given the ratios for
various conversions. Related sections are the run of seven sections from 39-45
inclusive, and section 52. The reader may wish to refer to the discussion of
translating grain names in the introduction.

Parallels:

Péng Hao (2001) 5 notes that the text of this section is very close to the Qin
regulations from Shuihtdi; see Shuihtidi (1990) 29-30:

[top of strip is broken - possibly 5 missing characters] A753} A% 3} o
BXRER—A - BRA—AREBAN - K [3] REARNL -TF
ZA—f (19 irrelevant characters intervene here , apparently through a
scribal error) B3R} o FEAKA} o +3} o KRELKPARES] -
Ft3 o BE=3 - NEM+A}—AREHEUTAR—A

[...] shi 6 ddu and augmented half a ddu of unhulled grain. Hull it to
make 1 shi of li hulled grain. 1 shi of i hulled grain makes 9 déu of
zud hulled grain. 9 [dou of zud hulled grain] makes 8 ddu of hut hulled
grain.

1 shi of dao hé [...] makes 20 déu of unhulled grain. Hull it to make 10
ddu of hulled grain. 10 ddu [of hulled grain makes] can hui hulled grain
6 dou and % ddu. 10 ddu of wheat [is] 3 ddu of [fine] crushed wheat.

Soybeans, beans and hempseed are 15 déu for 1 shi; In conferring hui
and bai there are 10 déu to 1 shf.

Note that this material does not use the expression ‘Norm’ chéng #2 which begins
each strip in the Suan shii shii . The reason is, perhaps, that these regulations (or
more probably some other version of them) are the ‘Norm’ from which the Suan shu
shii is quoting at this point. Compare Hulsewé (1985) 40-43.

Mathematical note:

For comparison with later information, we may note the equivalents given in 35 (a)
in tabular form, together with the relevant equivalences from the start of the Nine
Chapters Stt mi chapter :
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SSS35(a) hé shu st i mi zud mi hui mi
10 16 % 10 9 8
9 chapters (absent) su i mi bai mi zud mi
50 30 27 24

It seems clear that hé shii (panicled millet?) is exchanged for a greater quantity of
st (unhulled setaria millet), which is then processed to three successive degrees of
fineness. The terms su, and li mi are found in both texts for grain at the first two
stages of processing, but whereas the Nine Chapters continues with bai mi'and zuo
mi, the last two stages in the present text are zuo mi and hui mi. Nevertheless the
figures for the successive stages correspond perfectly, since:

16 %5:10:9:8 :: 50:30:27:24

As for the identity of hé shii, we may note that it exchanges with st (unhulled
millet) in the ratio 30: 50, just as does li mi. However in section 53 (b) (Strips
138-140) prices for shti and mi (which one would expect to be the same as li mi) are
given which suggest that these exchange in the ration 9 :10. So if the sources of
these strips are all consistent (which is a large assumption) we might be in error in
rendering hé shii as ‘panicled millet’ in this case.

Turning to (b) and its Shuihtidi parallel, we may note that whatever dao hé may be,
it exchanges for unhulled millet in the ratio 10:20. Since the ‘equivalence number’
for unhulled millet in the Nine Chapters is 50, we should expect that the
equivalence number for dao hé would be 25. But no product has that value in the
Nine Chapters. It is also off to see that unhulled and unhulled grain interconvert at
the ratio 20:10, which is again not in correspondence with the Nine Chapters.
However (b) then goes on to tell us that hulled grain and hui can hulled grain (or
hui can hulled grain as in the Shuihtidi material) interconvert at the ratio 10: 6 %5
=30:20. That suggests that the type of hulled grain referred to here was a little
finer than the fHIK ‘imperial millet’ of the Nine Chapters, for which the conversion
ration would be 30 : 21. The final conversion in (b), of wheat to crushed wheat, is in
the same ration as that given in the Nine Chapters for fine crushed wheat.

In (c) the initial statement implies that wheat, soybeans, beans and hempseed
convert with something else at the ratio 15 :10. All these have the equivalence
number 45 in the Nine Chapters, so that they would be interconverting with a
commodity of equivalence number 30 - which turns out to be hulled millet. The
significance of the final statement about huf and zu¢ hulled grain (hut and bai in
Shuihudji) is unclear.

The discussion of this material in the notes of Shuihtidi (1990) 29-30 brings to bear
on these problems similar statements about the identities and relative values of
types of grains in the Shué wén jié zi i 2= dictionary of AD 121. But for the
present it does not seem necessary to argue at length on the more lexicographical
aspects of the material now under discussion.
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$91,592(long gap)

(37) The Norm for collecting hemp

In collecting hemp, 10 bt give 1 bundle [of circumference] 3 wéi Now one
dries it [and it becomes] 28 ctin. Question: how many bu yield one [standard]
bundle? Method: Let the dried multiply itself to make the divisor. Let the
fresh multiply itself, and further multiply by the number of bii [through] the
dividend accommodating the divisor, one gets 11 bu and 47/98 bu for 1
bundle.

Content:
Another ‘wastage’ problem, this time with the interesting feature of the special

circumferential measurement & wéi, which is apparently 10 cun.

Mathematical note:

The wastage is measured directly by noting that the circumference of a bundle
shrinks on drying from 3 wéi (30 cun) to 28 ctin. But, as the author of this problem
is evidently aware, the quantity in the bundle depends on its cross-section area,
which varies as the square of the circumference. Thus we have the final calculation
to find the number of bii to produce a 3-wéi circumference dry bundle:

(30x30x10)/ (28 28) = 9000/784

11 376/784

11 47/98

[Group 8: allowing for
mistakes]

S93 (2 character gap), S94, S95 (long gap)

(38) Error in ticketing

(a) In taxing millet, when there has been mistaken ticketing: Method: when
there are no shéng, take the quantity of dutiable field as the dividend and

take the ticketed ddu as 1, and let the number of shi be made tenfold. Combine
to make the divisor. Accommodating the divisor, obtain 1 bii.

(b) As for the cases where the ticket has ddu, set out the number of bui in the
given field as the dividend, then take the ticketed déu as 1; let the shi be made
tenfold; combine to make the divisor; accommodating the divisor, obtain 1 bi.
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As for the cases where the ticket has shéng, set out the number of bu in the
given field as the dividend, then take the shéng of the ticket as 1; let the déu
be made tenfold; combine to make the divisor; accommodating the divisor,
obtain 1 bu.

Content:

This section, like the next, is concerned with dealing with incorrect tax assessment,
when the object is to find the area of the field in bit which yields a unit amount of
product. The text seems to run continuously despite the short gap at the end of
strip 93. The two procedures in (b) are clearly in the same pattern, and explain how
to deal with cases where the smallest units are respectively ddu and shéng while (a)
seems to state the same method as the first part of (b) in different words -

evidently it is from a different source.

$96,597(long gap)
(39) Taxation: error in ticketing
A field of 1 mii: tax it at 1 ddu for 10 but. The overall tax is 2 shi 4 déu. Now it is
wrongly ticketed at 2 shi' 5 dou; it is desired to increase or cut down the
number of bii. Question: how much should the increase or decrease be? Reply:
9 bu and ¥ bu for 1 d6u. Method: take the mistaken ticketing as the divisor;
take the given field as the dividend.

Mathematical note:
Clearly the appropriate calculation here is:

areafor1déu = (10bn) x (2.4 shi/ 2.5 shi)

which gives 9 bit and 3% bu as stated. To make sense of the text, it seems necessary
to take ‘the given field’ as meaning 10 bu x 2.4 shi, which seems somewhat
confused.

|Group 9: converting
grains|
S98 (Yang), S99, S100(long gap)
(40) Bai and huf.
(a) Hulled grain, a diminished half shéng, makes bai [hulled grain], 3/10 shéng;
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9-fold it and take 1 for 10. Hulled grain, a diminished half sheng, makes hui
hulled grain 4/15 shéng. 8-fold it and take 1 for 10. Hulled grain, a diminished
half sheng, makes wheat, half a sheng. 3-fold it and take 1 for 2.

(b) Wheat, a diminished half sheng, makes unhulled grain, 10/27 shéng. 9-fold
the denominator and 10-fold the numerator, [that is,] 10-fold it and take 1 for 9.
Wheat, a diminished half sheng, makes hulled grain, 2/9 shéng. 3-fold the
denominator and double the numerator, [that is,] 2-fold it and take 1 for 3.
Wheat, a diminished half sheéng, makes bai [hulled grain], s sheng. 15-fold the
denominator and 9-fold the numerator, [that is,] 9-fold it and take 1 for 15.
Wheat, a diminished half sheng, makes hui [hulled grain], 8/45 sheng. 15-fold
the denominator and 8-fold the numerator.

$101(Y4ng), S102, S103, S104 (long gap)
(c) Bai hulled grain, % shéng makes unhulled grain, 25/54 shéng. 27-fold the
denominator and 50-fold the numerator.
Bai hulled grain, % sheng makes hulled grain, 5/18 shéng. 9-fold the
denominator and 10-fold the numerator.
Bai hulled grain, % sheng makes hui hulled grain, 2/9 shéng. 9-fold the
denominator and 8-fold the numerator.
Bai [hulled grain], % sheng makes wheat, 5/12 shéng. 9-fold the denominator and
15-fold the numerator.
Hut hulled grain, % shéng makes hulled grain, 5/16 shéng. 8-fold the
denominator and 10-fold the numerator.
Hui'[hulled grain], % shéng makes bai [hulled grain], 9/32 shéng. 8-fold the
denominator and 9-fold the numerator.
Hul'hulled grain, % sheng makes wheat, 15/32 shéng. 8-fold the denominator and
15-fold the numerator.
Hut hulled grain, % shéng makes unhulled grain, 25/48 shéng. 24-fold the
denominator and 50-fold the numerator.

Content:

The aim of this lengthy passage is evidently to enable st (unhulled grain,
presumably setaria millet) and mi (hulled grain) to be interconverted with the
successive further stages of processed grain bai and huf, and also with wheat.
Although the text of (a) and (b) runs continuously, there does seem to be a clear
change of style with (b). Subsection (c) begins at the head of a strip after a long gap
at the end of a previous strip, and has its first strip marked with the name of Yang,
which suggests it is a separate unit of material. Unlike the first three clauses of (b)
it does not add explanatory glosses giving the effect of the changes in numerator
and denominator prescribed.

Mathematical note

The rules for conversion given here are clumsy compared with the neat tabulation
given in the Nine Chapters for a similar purpose (2: St mi &K, Gud 1990, 213-214;
Shen 1999, 141), in which each type of grain is given an ‘equivalent’ with unhulled
millet setting the standard at 50. Comparing the figures given here with those of
the Nine Chapters, it soon becomes clear that the ‘equivalents’ given in the Nine
Chapters work perfectly with the stated relations between commodities in the
present text, so long as names are slightly revised. This is best set out in tabular

71



The Suan shi shit 843 Translation. Copyright © C. Cullen 2004

form;

Nine Chapters wheat su l bai Zuo
Equivalents: 45 50 30 27 24
SSS 40 wheat su mi bai hut

Thus for instance, we are told at the start of (a) that ' of a unit of hulled grain mfis
equivalent to 3/10 units of bai. Now :

(5):(3/10) = 10:9=30:27

so the proportions are the same as in the Nine Chapters. The reader may easily
check that this holds for all the other equivalents in this section.

Note that the sequence of grain processing terms here is also different from that
seen in section 35 (a), which had sti, Ii, zuo, hui. Presumably these discrepancies of
terminology indicate that the relevant sections of text came from different sources,
both of which represent terminologies slightly different from that of the Nine
Sections. It is therefore noteworthy that this section contains the name Yang,
while section 35 contains the name Wéng.

$105(Y4ang),S106(2 character gap)
(41) Wastage

(a) 1 shi of unhulled grain has a wastage of 1 ddu 2 shéng and a diminished
half shéng. In a case of conferring a diminished half shéng of hulled grain, one
gets 500/789 shéng of unhulled grain. In the case of conferring 1 shéng, one
gets 1 shéng 237 /263 shéng of unhulled grain. In the case of conferring 1 ddu,
one gets 1 dou 9 shéng and 3/263 shéng of unhulled grain. In the case of
conferring 1 shi, one gets 19 déu 30/263 shéng of unhulled grain.

S107(Y4ng)S108(5 character gap)
(b) A shi of unhulled grain wastes 5 shéng. In a case of conferring a diminished
half shéng of hulled grain, one gets 100/171 shéng of unhulled grain. In the
case of conferring 1 shéng, one gets 1 shéng 215 /285 shéng of unhulled grain.
In the case of conferring 1 ddu, one gets 17 shéng and 155/285 shéng of
unhulled grain. In the case of conferring 1 shi, one gets 17 déu 5 shéng
125/285 shéng of unhulled grain.

Content:

This is a pair of procedures involving wastage at two different rates, but both
involving the conversion of unhulled to hulled grain at the nominal rate of 50:30,
as elsewhere. The material is not stated in the usual form of problem, answer and
procedure, but simply in the form of final conversions. As in 39, the name Yang
occurs in the text.
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Mathematical note:

The figures here seem puzzling at first sight. Evidently, the principle behind these
calculations is that the unhulled grain is first converted to hulled grain at the usual
50:30 ratio. Wastage is then allowed for by subtraction. Choosing easy multiples, if
one started with 500 units of unhulled grain, that would yield 300 units of hulled.
At the rate of wastage given in (a), since one deducts 12 and % shéng from 100
sheéng, that implies that from the 300 units of hulled grain expected there would in
fact result:

300 - 3 x (12 +%5) = 300 - 37 = 263 units,
which is what results from the initial 500 units of unhulled grain.

Thus, to solve the first example, if the result is to be s units one must start not
with 500 units, but with 500/(3 x 263) = 500/789 units, as stated here. All the other
calculations follow the same pattern.

$109(Yang), S110(long gap)
(42) Unhulled becomes hulled
Hempseed, wheat, soybeans and beans - 3 match 2 of hulled grain; 9 match 10
of unhulled grain; 5 of unhulled make 3 of hulled; 10 of hulled make 9 of bai,
and make 8 of hui. 3 of wheat match 4 of unhulled dao; 5 of unhulled hé make
4 of unhulled dao;

S111(Y4ng),S112(long gap)
(43) Seeking hulled from unhulled grain
Seeking hulled from unhulled, 3-fold it and take 1 for 5; Seeking wheat from
unhulled, 9-fold it and take 1 for 10; Seeking bai from unhulled, 27-fold it and
take 1 for 50; Seeking hui from unhulled, 24-fold it and take 1 for 50; Seeking
unhulled from hulled, 5-fold it and take 1 for 3.

Content:

More text from Yang continues with the theme of conversions of grains. The rules
given in (42) are consistent with preceding material by Yang in section 40, so far as
they refer to the relations of members of the sequence unhulled grain, hulled grain,
bai hulled grain and hui hulled grain. The statement that for hempseed, wheat,
soybeans and beans 3 match 2 of hulled grain is consistent with the Nine Chapters
use of an equivalence number of 45 for the first four and 30 for the last. The ration
3 of wheat to 4 of unhulled dao suggests that we need to find an equivalence
number of 3 x 45/4 =33 % for an equivalent of ‘unhulled dao’ in the Nine Chapters.
But no number of this value is to be found there. On similar reasoning, unhulled hé
would have an equivalence of 3 x 45/5 = 27, the same as that for the stage after the
initial hulling of millet.

Turning to 43, we see that it contains rules that in effect repeat the same ratios as

given in section 40 as well as in 42 for wheat, unhulled grain, hulled grain, bai
hulled grain and hui'hulled grain. So material with the name of Yang on it

73



The Suan shi shit 843 Translation. Copyright © C. Cullen 2004

effectively repeats the same information no less than three times in different
formulations. The suggestion is clear that Yang (whoever he was and whatever
was his precise role) was involved in the collection of material on the same topic
from varied sources, just as was the overall compiler of the Suan shu shii .

S113,5114(long gap)
(44) Seeking hulled from unhulled grain
Seeking hulled from unhulled grain, take and 3-fold it, then for 5 complete 1.
Now we have unhulled grain, 1 shéng and 3/7; How much hulled grain does
that match? Reply: It makes 6/7 shéng of hulled grain. Method: the
denominators are multiplied together to make the divisor; multiply 10 by 3 to
make the dividend.

Content:
This section clearly forms a pair with the next one.

S115,5116(long gap)
(45) Seeking unhulled from hulled grain
From hulled grain seeking unhulled, take and 5-fold it, then for 3 complete 1.
Now we have hulled grain, 6/7 shéng; How much unhulled grain does that
make? Reply: It makes 1 shéng 3/7 shéng of unhulled grain. Method: the
denominators are multiplied together to make the divisor; multiply 6 by 5 to
make the dividend.

Content:

These two subsections are inverse problems, both involving the simple
hulled/unhulled conversion seen several times previously, but stating it with the
full apparatus of problem, result and method, which is not a feature found with
such problems before this point. Neither Yang nor Wang are identified here.

$117,5118(9 character gap)
(46) Hulled and unhulled grain combined.
There is 1 shi of hulled grain and 1 shi of unhulled grain. They are combined.
Question: [the owners of | hulled and unhulled should each take how much?
Reply: The owner of the hulled grain takes 1 shi 2 déu 8/16 déu; The owner of
the unhulled grain takes 7 ddu 8/16 ddu. Method; Set out hulled grain 10 déu
and 6 dou, and combine to make the divisor; separately multiply what has
been set out by 2 shi so that each makes a dividend by itself. The 6 du is the
number of the unhulled grain in hulled [terms]

Content:
This is another formally stated problem, with result and method, this time based
on the sharing of a pool of commodities in proportion to the amount contributed.
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The usual conversion ratio is used. The final sentence appears to be an
explanatory note rather than part of the main ‘method’ statement.

Parallel:

The Nine Chapters discusses a problem of pooling grains embodying the principle
used here (3: Cuifen 453, Gud 1990, 241; Shen 1999, 168-169). It is clear that the
Nine Chapters performs in a highly systematised way the process that in the Suan
shui shi is still somewhat ad hoc, with the conversion of one grain into another
being explained as an afterthought:
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Now we have: A brings 3 shéng of unhulled grain; B brings 3 shéng of li
hulled grain; C brings 3 shéng of li cooked hulled millet; it is desired
to combine and share them. Question: how much for each?

Answer:
A: 2 sheéng 7/10 shéng; B: 4 shéng 5/10 shéng; C: 1 sheng 8/10 shéng

Inversely differentiate them, using the rate for unhulled grain, 50, the
rate for li hulled grain 30, and the rate for li cooked hulled millet 75
as the differentials, Do an auxiliary addition to make the divisor; Make
each dividend by multiplying the as yet uncombined [factors] by 9
shéng; Obtain 1 shéng for each time the dividend accommodates the
divisor.

S119(Wéng),
(47) Unhulled and hulled combined

(a) 1 hulled to 2 unhulled: in all 10 ddu. One refines it to make 7 déu Y5 shéng.
Method: In all [cases] 5-fold the hulled and unhulled and combine to make the
divisor; 5-fold the hulled and 3-fold the unhulled [and add them together];
multiply it by 10 déu to make the dividend.

S120(only ¥ of a damaged strip)
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...gets how much? Reply: unhulled grain ... 30 ... hulled grain ...

S121(poor condition, especially at start; Ydng),S122(6 character gap)
(b) Combining unhulled and hulled: 5 shéng each of unhulled and hulled grain
are put together. How much does [the owner of the hulled grain] get? Result:
6 shéng and % shéng of hulled grain. Method: Set out the 5 shéng of hulled
grain. The 5 shéng of unhulled grain makes 3 sheng of hulled grain; combine
[with] the 5 shéng of hulled grain [so] 8 is made the divisor; thereupon further
set out the 5 sheng and 10-fold it making that accommodate the divisor gives
1 shéng for both unhulled and hulled grain.

S123(bottom third only;Ydng),S124(broken at start, then again after 4
characters, characters resume, long gap at end),
(<) — 2 ddu 5 sheng. Method: Set out hulled and unhulled; 5-fold the
hulled and 3-fold the unhulled .......... combine to make the divisor ...........
combine hulled and unhulled and in each case multiply to make the dividend,;
form 1 for [each time] the dividend accommodates the divisor;

S125(nearly full length strip, but mostly obliterated)
....... shi50 and ....

Content:

Although the lacunae are lengthy, there is enough evidence by way of internal
structure and external parallels to enable us to attempt a rational restoration of
the content of these strips in several places. There are clearly three different
problems here, all dealing with mixtures of hulled and unhulled grains. Since (a)
bears the name of Wang and (b) and (c) are both labelled Yang, it does seem very
likely that a new section title appeared somewhere in the lacuna with which strip
121 begins.

In (a) the problem is to find the hulled equivalent of a mixture of hulled and
unhulled in stated proportions - ‘refining’ #§ jing evidently refers to the process of
converting the whole mixture to unhulled grain, which uses the usual 5:3 ratio.
The calculation specified is, in effect:

(5x1+3x2)x10/(5x3)
=110/15
=7Y

In (b) the problem is clearly how much each contributor gets if 5 shéng each of
hulled and unhulled grain are pooled. Despite the last clause, only one share is
calculated, being that for the owner of the hulled grain. The calculation specified
is:

(5x10)/(5+3)
=50/8
=6%

As for (c), while the general topic is still clearly the mixture of hulled and unhulled
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grain there is not enough information here to reconstruct the original question
reliably.

|Group 10: Rationalising
and checking tasks]

$126,5127,5128(long gap)
(48) Carrying charcoal
[A man] carries charcoal in the mountains; in a day he makes finished
charcoal, 7 déu, and gets it to the cart; the next day, he carries the charcoal
and leading the cart, gets to the office, [with] 1 shi. Now it is desired that
carrying charcoal through the journey to the office, he should take the
charcoal all the way to the office. Question: how much charcoal arrives each
day? Reply: In a day, the charcoal obtained is 4 du 2/17 dou. Method: take the
7 déu and 10-fold it to get 7 shi; In 7 days that is what he carries to the office;
then take 10 days and 7 days, and combine to make the divisor; obtain 1 déu
for each time [the dividend of 7 shi] accommodates the divisor.

Content:

This is the first of a small group of three problems in which the object is to set a
new overall norm for productivity after amalgamating tasks previously done
separately. Here some unfortunate (probably a convicted criminal) has been set to
make charcoal and deliver it to an official receiving post some distance away. Here
fu B might mean either ‘carry’ or ‘owe’ (compare strips 38 and 73); I have chosen
the former, since it seems to fit a little better.

The worker cannot simply be allowed to alternate days making and delivering
charcoal, since the amount of charcoal he can make in each day is only 7/10 of the
amount he could carry to the post the next day - so he would not be fully occupied,
which can by no means be permitted. The official imagined here is therefore
trying to find that amount of charcoal produced in one day that can just be
transported to the office in the remaining working time. Of course the calculation
is made completely without reference to the practicalities of making the charcoal,
a process which it is assumed can be stopped and started at will. If we regard this
as a practical problem, it seems that the desire to be able to maintain control over
the labourer on a daily basis is seen as paramount. Otherwise we might see this as
an instance where a problem stated in particular terms is in fact intended to
illustrate a general mathematical principle.

Mathematical Note:
The solution proceeds by noting that in 10 days he could produce ten times 7 déu ,
which is 7 shi, This can then be transported to the office in 7 days at the rate of 1
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shi per day. So his daily rate of charcoal production is:
7 shi/17 = 70dou/17 = 4 + 2/17 déu

Parallel:
See below, section 50.

$129,5130(long gap)
(49) Bamboo tubes
The Norm: In one day cutting bamboos: 60 pieces; in one day making bamboo
tubes: 15; one bamboo makes 3 bamboo tubes. Now it is desired to order the
same person to cut bamboos himself and use them to make bamboo tubes. In
one day, how many does he make? Reply: he makes 13 % bamboo tubes.
Method: Take 60 as the divisor; Multiply 55 by 15 to make the dividend.

Text note:

The meaning of the term lif tdng J& F& translated here as ‘bamboo tubes’ is
something of a mystery. No such term seems to be known from ancient literature.
However in the late Warring States Zhou li J& & we find a possible link in the
section known as the ‘Artificers’ Record’ Kdo gong ji & T.FC. According to that
text, the Lurén J& A\ make lii qi JE 2%, which are shafted weapons such as spears
and halberds. Zhangjiashan (2001)identifies the lii tdng & F& of this text with the
same two characters found with the addition of the ‘bamboo’ radicall EfE in the
lists of grave goods from Mawdangdui tomb 1 and Fénghudngshan tomb 168, which
appears to refer to bamboo tubes (used for storage vessels?).

Content:

This is another ‘task rationalisation’ text, in which the aim is to ensure that a norm
for steady production is set.

Mathematical note:

Something seems to be wrong with the calculation here. Counting each bamboo

providing 3 unworked pieces of bamboo of the right size to make tubes, we have:

Piece production: 180 per day
Tube production; 15 per day

Following the method in the next section, we find:

production per day = 180x15/(180+15) = 13 165/195 =13 33/39 = 13 11/13
Here the calculation specified is:

55x15/60 which does indeed come out at 13 % as stated here.

Note that 55x15/60 = 165 x 15/180 = (180-15)x15/180
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So it looks as if someone has in effect wrongly assumed that subtracting 15 from
the 180 in the dividend has the same effect as adding it to the divisor.

Péng Hao’s explanation, followed by Anon. (2001) ignores the fact that each
bamboo makes three tubes, and works on the basis of 60 bamboos/ day, 15
lutang/day, so joint production would be:

(60 x 15)/(60+15) = 12

but this requires rewriting the figures on the strips, so that (e.g.) 13 % becomes 12,
which seems hard to justify.

Parallel:
See below, section 50.

S131(10 character gap)
(50) Feathering arrows
The Norm: 1 man in 1 day makes 30 arrows; he feathers 20 arrows. Now it is
desired to instruct the same man to make arrows and feather them. In one
day, how many does he make? Reply: he makes 12. Method: Combine the
arrows and feathering to make the divisor; take the arrows and the feathering
multiplied together to make the dividend.

Content:
This is the last of the three ‘combined norm’ sections, 48-50. It seems quite clear
and correct.

Parallel:

The Nine Chapters also has three ‘combined norm’ problems (6: Jiin shui ¥3#i, Gud
1990, 335-7; Shen 1999, 340-341), with one of another type between the second and
third examples, of which the following is most similar to the ones given here:
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Now there is a man who in one day makes 38 male roof-tiles; another
man makes 76 female roof-tiles in one day. Now one instructs the same
man to make half each of female and male tiles in one day. Question:
how many tiles does he complete?
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Answer:
25 units and a dimished half unit.

Method:

Combine the female and males tiles to make the divisor; Multiply the
male and female together to make the dividend; obtain one unit for
[each time] the dividend accommodates the divisor.

Mathematical note:

In modern notation, it is easy enough to represent such problems. Taking the
example from the Nine Chapters, it is clear that a male tile takes 1/38 day to make,
and a female tile takes 1/76 day. Thus to make a pair takes (1/38 + 1/ 76) day, and
hence the number made in one day is:

1/(1/38+1/ 76)
Multiplying top and bottom by 38x76, one obtains:
38x76/(76+38) for the number of pairs of tiles he can make in a day.

But surely we need to think of a way that this result could be obtained directly, by
a single conceptual leap, without manipulation in the modern style? The route
seems to be as follows.

Suppose the man makes 38x76 pairs of tiles. The time it takes to do this will be 76
days to make the 38x76 male tiles (since he makes 38 daily) and 38 days to make the
38x76 female tiles (since he makes 76 daily). Thus the total number of days to
make 38x76 pairs will be (76+38 ) days. Hence the rate of tile-pairs per day is as
stated:

38x76/(76+38) pairs per day, which is the result required.

S132
(51) Travelling
X travels for 50 days. Now today is [sexagenary day] renshen [the 9th of the
60-day cycle] Question: on what day did he begin his journey? Method:
Enquire in what decade renshen [9] falls. Reply: It is the decade [commencing]
jiazi [1] Given that starting at jia [1] and counting to ren [9] is nine days set
out 9, and let it be increased.

Content:

Although S132 is undamaged, the text seems incomplete. A strip may be missing at
this point. Once again the motivation of this problem seems to be the wish to
maintain tight control of all state-managed activity. Here we have someone who
arrives on day 9 of the sixty- day cycle designated by the systematic pairing of the
two sets of ten and twelve cyclical characters, beginning with jiazi as the first pair.
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If he claims to have been travelling for 50 days, on what day did he set out?
Presumably the aim is to reconcile the present date and his authorised journey
time with the day marked on his official ‘move order’.

Mathematical note:

The procedure seems to break off before it is complete. In 5-7 we set out to
establish in which of the six xiin B] decades of the sixty days the arrival day falls,
and it is established that the arrival day is the ninth of the first decade. Since he
has travelled for five decades, his departure must have taken place in the second
decade of the preceding 60-day cycle, on day 19, with the cyclical name renwu. But
the final clause does not quite seem to get us as far as that point.

[Group 11: Excess and
Deficit (‘Rule of false
position’) ]

S133,5134(long gap)
(52) Sharing cash
In sharing cash, if [each] person [gets] 2 then the surplus is 3. If [each] person
[gets] 3 then the deficit is 2. Question: how many persons, and how many
cash? Result: 5 persons and 13 cash. Let the excess and the deficit multiply
numerators reciprocally to make the dividend. Let the denominators go with
one another [in addition] to make the divisor. In each case let the excess or
deficit numerator reciprocally multiply the denominator and set each one out
separately; reduce the numerator which is greater by the numerator which is
lesser; let the remainder be made the divisor; (let the deficit be made the

dividend).

Content:

This is the first of four sections involving the solution of problems by what is called
in the West ‘The Rule of False Position’, but was known earlier in China under the
name of A TE Ying bu zu ‘excess and deficit’. This section appears to assume that
the reader is already aware of the algorithm required to solve the problem, and will
therefore recognise what is referred to by the ‘numerators’ and ‘denominators’
involved. The solution of the problem is not made completely explicit, and the
seven final words do not seem to relate to what precedes them. As will become
clear (see Mathematical note), to make the method complete we would need to be
told to simplify both the dividend (excess + deficit) and the divisor (sum resulting
from cross-multiplication) by the second divisor (difference of numerators). The
result would be a fraction with the total cash as the numerator and the number of
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persons as the denominator.

Parallels:

The general method used here and in the other problems of this group is
illustrated throughout the seventh of the Nine Chapters Ying bu zi ZAE. The
content of the problems given in the Suan shu shi is not however closely
paralleled: thus instead of discussing the sharing out of money between a number
of persons, the Nine Chapters takes its elementary examples from the common
purchase of commodities by a group of purchasers.

For illustration the first and fourth of these examples are given here, followed by
the general statement of method that follows the fourth example. (7: Ying bt zu &
AE, Gud 1990, 357-359; Shen 1999, 358-359).
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Now there is a case of common purchase of something. If each person
pays 8, the excess is 3. If each person pays 7, the deficiency is 4.
Question: how much are the number of people and the price of the
thing?

Answer:
7 people, and the price of the thing is 53.
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Now there is a case of common purchase of an ox. If [each group of] 7
families contribute 190, the deficiency is 330; if [each group of] 9
families contribute 270, the excess is 30. Question: how much are the

number of families and the price of the ox?

Answer: 126 families; the ox price is 3750
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The method of excess and deficiency says:

Set out the rates of payment; the excess and deficiency are placed
below each one; let them diagonally multiply the rates of payment;
combine the rates produced to make the dividend; combine the excess
and deficiency to make the divisor; [count] 1 for [each time] the
dividend accommodates the divisor.

[Passage A of Lid Hul's commentary appears here; see below]
BREREL
In cases where there are parts, make them interchangeable.

[Passage B of Liti Hul's commentary appears here; see below]

EFEHERHEEYEEMHRUDIESZ BUKNEE
ESYMEERAR

In cases where the excess or deficiency relates to sharing in the
purchase of something: set out the rates of payment; reduce the
greater by the lesser; use the surplus to simplify the divisor and the
dividend; [then] the dividend is the price of the thing; the divisor is the
number of persons.

[Passage C of Liti Hul's commentary appears here; see below]

Mathematical note:

It is clear that the Nine Chapters solves its problems by a method identical to that
found in the Suan shui shii . But neither text gives us any indication of how the
method was discovered or explained to students. For most modern readers
unfamiliar with such problems the procedure followed is certainly not intuitively
obvious. But rather than resorting to modern algebra (which can tell us little or
nothing about how an ancient Chinese mathematician would have thought), let us
follow the lucid explanations of Lia Hui (same reference)
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Note that ‘excess’ is called ‘overstepping’ and ‘deficit’ is called ‘falling
short’. The rates of spending are called ‘assumptions’.
The diagonal multiplication of these suppositions [is similar to] the
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concept of wishing to make [numerators of fractions] share [a common
denominator] and to adjust [these numerators to that new
denominator].

Note that [in the example]

‘In the common purchase of something, if each person pays 8, the
excess is 3. If each person pays 7, the deficiency is 4.’

if one ‘adjusts’ the assumptions, and makes the excess and falling short
‘shared’, then the excess and falling short are [both] 12. If one makes
an overall reckoning of [what has been] adjusted, then this is the
correct number without excess or falling short. Thus one may combine
them to make the dividend, and combine the excess and deficit to
make the divisor. The 32 [that results from] adjusting is the assumption
being multiplied by 4; [giving] an excess of 12. The 21 [that results
from] adjusting is the assumption being multiplied by 3; [giving] in
turn a falling short of 12. One combines the 7 assumptions to make a
single dividend, so one combines the 3 and 4 to make the divisor.

It is clear here that LiG Hui I referring back to his earlier discussion of how
fractions may be brought to a common denominator and added (see section 8). This
involved writing out the numerators and denominators is a fashion similar to the
following for the given example %+%.

numerators: 3 2 Diagonal multiplication gives 3x3+2x4=9 + 8 = 17
denominators: 4 3 Multiplication gives 4 x 3 =12
So the result is 17/12

The Nine Chapters text asks us to lay out and process the different data of its
problem in similar manner:

rates of expenditure: 8 7 Diagonal multiplication gives 8x4+7x3=32 + 21 =53
excess or deficit: 3 4 Multiplication gives 3 x4 =12

But why does the ‘adjusting’ and ‘sharing’ procedure previously applied to
fractions work in the different context of ‘excess and deficit’ problems? The key
point made by Lit Hul is that one can balance out excess and deficit if one takes a
certain number of each of the two different cases and adds them. In the example,
we take four cases of expenditure 8, each of which produces an excess of 3: the
total excess will be 4 x 3 = 12, and the total cost will be 4 x 8 =32. We also take
three cases of expenditure 7, each of which produces a deficit of 4, so the total
deficitis 3 x 4 = 12, and the total cost will be 7 x 3 = 21. Now if we add these results
together, we get a total expenditure of 53, and the excess and deficit cancel out
exactly. Clearly the rates of expenditure have been ‘adjusted’ and added just as in
the case of fractions, and 12 is the ‘shared’ magnitude for excess and deficit. The
additional final step - which is not analogous to the treatment of fractions - is the
realisation that the situation of spending at a rate of 53 and getting no excess or
deficit comes from adding the results of 4 + 3 = 7 cases. Thus the rate of expenditure
in one case is 53/7.
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B: EMRANE » BHF » BHS - STHEL 52 AN -

If both suppositions have parts, adjust the numerators and make their
denominators shared. Let the lower diagonally multiply the upper, and
when that is done, simplify them by what is identical.

Here we are simply being reminded of what needs to be done if the rates of
expenditure have fractional parts.
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[As for] subtracting the lesser of the rates of payment from the greater:
the surplus is called ‘the supposition difference’, and we take that as a
‘lesser supposition’. So when we combine the excess and falling short,
this is making the fixed dividend. Therefore if we simplify the fixed
dividend by the lesser supposition, then [we see that] the divisor
becomes the number of people. The dividend corresponding to the
right amount thus stands for the price of the thing.

The previous explanations by Lid Hui took us to the point where we could see why
we had to ‘combine [the results of cross-multiplication] to make the dividend, and
combine the excess and deficit to make the divisor.’ which in the example
considered gave 53/7 - evidently the rate of expenditure per person when there is
neither excess nor deficit. But how are we to find the actual total expenditure and
the number of people? In the commentary quoted here, Litt Hul is clearly thinking
of the fact that the change in rates of payment causes the result to swing by an
amount equal to (excess + deficit). Dividing this sum (‘the fixed dividend’) by the
change in rates (‘the lesser supposition’) will clearly transform the divisor in our
fraction 53/7 into ‘the number of people’ who are involved in payment.

Now the ‘lesser supposition’ in this case is (8-7) = 1. So the simplification of
dividend and divisor required by the Nine Chapters amounts in this case to a trivial
division by 1. Thus when we see the fraction 53/7, which represents the rate of
expenditure per person when there is neither excess nor deficit, we know that 7
actually is the number of persons. Thus, as Lit Hui points out, the numerator of this
fraction must itself be the actual expenditure. The explanation of the method is
now complete.

$135,5136,5137(long gap)
(53) Grain costs

(a) Li hulled grain is 3 cash for 2 ddu; bai is 2 cash for 3 ddu; Now we have 10
déu of li and bai. Selling it, we get 13 cash. Question: how much each of li and
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bai. Reply: 7 déu and 35 of bai, 2 déu and %5 of li. Method: Making it all I, then
the cash are 2 in excess Making it all bai, then the cash are 6 %5 in deficit Put
the excess and deficit together to make the divisor; Multiply the 10 déu by the
excess for the bai; Multiply the 10 déu by the deficit for the Ii. In each case
accommodate the divisor to obtain 1 déu.

$138,5139,5140(7 character gap)
(b) Setaria millet: a ddu is 1 cash and % cash; Panicled millet: a ddu is 1 cash
and a half cash; Now let it be that for 16 cash one buys 10 déu of setaria millet
and panicled millet. Question: how much is each, and how much money goes
on each? Result: Setaria millet, 6 déu; panicled millet 4 dou; the setaria millet
cash are 10 and the panicled millet cash are 6. Method: Use excess and deficit.
Making it all setaria millet there is % cash too much; [if it is] all panicled
millet, there is a cash too little. In the lowest place there is ¥4, so take 1 as 3,
calling the 3 and the deficit 2. Combine the too much and too little to make
the divisor; Further set out 2 and 3, and multiply each by 10 dou. Then swap
over the results, and accommodate the divisor [to get] 1 du.

Content:

In these two problems the aim is to find the proportions of ingredients of known
unit price in a given total volume of known total cost. They differ enough in style
to suggest that they are from two distinct sources.

Mathematical note:

Like the later problems in the Ying bui zii BATE chapter of the Nine Chapters, the
two problems in this section are not initially stated in terms of excess and deficit,
but are solved by application of that method as a result of applying two trial
solutions. As the text says, we are to ‘Use excess and deficit’.

The main calculations for (a) are:

li hulled grain = (10 ddu x 6 ¥4)/(2+ 6 '5)
= (10déux 19)/(6 + 19)
=7 3% dou

bai hulled grain = (10 déu x 2)/(2+ 6 '5)
= (10dsu x 6)/(6 + 19)
=22%5dou

The calculations in (b) follow the same lines. Mao B ‘swap over’ clearly refers to
the fact that the result for each grain is obtained by taking the result of multiplying
by the excess or deficit for the other type.

Once again it seems wise to avoid explaining the algorithms used here by modern
algebra. Perhaps the thinking behind them might have been something like this.
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We have a total amount of grain which has to be shared between i and bai.

Each unit of bai will make a contribution to putting the result in deficit.

Each unit of [i will make a contribution to putting the result in excess.

These contributions per unit will be in proportion to the excess or deficit caused
when all the grain is of one sort.

Clearly we want to find the proportions of grain where the total contributions to
excess and deficit just cancel out, and the actual amounts add up to the known
total.

So the amounts of each sort of grain will be in inverse proportion to the excess or
deficit caused when all the grain is of the given sort, i.e. the amounts of each sort of
grain will be in direct proportion to the excess or deficit caused when all the grain
is of the other sort.

Hence (given the need for the amounts to add up to 10 dou), the algorithms are
obvious.

Thinking of the more general problem of grain exchanges, we may note the
relative values of the commodities given here. Evidently the prices for one déu in
(a) are in the ratio

li price : bai price =3/2:2/3
=9:4

If these prices were to be consistent with the fact that 30 units of [i exchange for 27
units of bai, then this ratio should have been 27:30 = 9:10. The discrepancy
suggests that no attempt is being made to represent actual prices of commodities
in the question.

In (b) the prices per unit are in the ratio:
setaria price : panicled price =5/3:3/2
=10:9

which would suggest that the commodities would be exchanged at equivalent
volumes in the ration 9 of panicled to 10 of setaria. This is, we may note,
inconsistent with the statement in section 36 that

‘1 shi of hé shii [panicled millet?] makes 16 ddu and augmented half a déu of
unhulled grain’

This discrepancy casts some doubt on the possible identification of hé shii with
panicled millet already made, given that the ‘unhulled grain’ in (36) is almost
certainly setaria.

(The following section appeared here in the original Wénwu transcription, but both
Péng Hao and Anon. (2001) shift it to a later position as reflected in the numbering
of the two relevant strips. I prefer to retain it here to facilitate comparison with
other applications of this method. All this underlines the fact that the various
publications of this material do not give us sufficient information to decide how far
the present ordering of the strips reflects the circumstances of their excavation,
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and how far it is a result of editorial decisions)

S185,5186(long gap)
(54) Squaring a field
There is a field of one mii: how many bu is it square? Reply: it is square 15 bu
and 15/31 bii. Method: If it is square 15 bu it is in deficit by 15 bu; if it is
square 16 bu there is a remainder of 16 bu. Reply: combine the excess and the
deficit to make the divisor; Let the numerator of the deficit multiply the
denominator of the excess, and the numerator of the excess multiply the
denominator of the deficit; combine to make the dividend. Reverse this like
the method for revealing the width.

Mathematical note:

It is intriguing to find the ‘false position” method used here to find a good
approximation to a square root, thereby perhaps suggesting the possibility that at
the time of writing the algorithm for finding square roots had not yet been
discovered. The algorithm for square roots is given explicitly in the Nine Chapters
(4: Shao guang & 258-259).

The main calculation is:

length of side (‘numerator’) 15 16
excess/deficit (‘denominator’) 15 (deficit) 16 (excess)

(15x16 + 16x15)/(15+16)
=15 15/31

Of course the ‘false position’ method only works exactly when linear functions are
involved, but in fact

(15+15/31)* = 239 +761/931,
which is very close to the desired value of 240, the number of (square) bii in 1 mii..

The method works well for finding square roots if the two trial values are close
enough to the solution so that a straight line is a good approximation to the
second-degree curve on which the solution lies. In the Nine Chapters, the ‘false
position’ method is applied to what are in effect non-linear equations in the 11th,
12th and 19th problems of the Ying bu zi chapter.

The reference to ‘reversing’ fi zhi &2 is also found in 65 (which does in fact bear
the title B gi cong ‘revealing the width’ rather than B{E&) and in 66. The
principle is that having obtained a length of an unknown side one multiplies with
the known side to check whether the desired area has in fact been produced. Here
of course one would have to square the result that is to be checked.
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[Group 12: Shapes and
volumes]

S141,5142(long gap)
(55) A cutting
A ydn chi : let it be fixed at a zhang square. The height is 1 zhdng 2 chf. Its
cutting is a zhang broad; the length is 5 zhang 6 chi. One of its edges has no
height. The volume is 3360 chi. Method: The breadths accumulate to 30 chi,
[which] multiplies the height; multiply it by the breadths and the length to
fix it. Form 1 for six.

Content:

The rendering ‘cutting’ is an attempt to find an English translation (as opposed to a
paraphrase) for the way that chii B is apparently being used to refer to the
removal of material in the process of forming the given excavation. A ydn chi is
commonly explained by commentators and dictionaries as the entrance ramp to a
subterranean tomb. This is the first of a sequence of seven problems (55-60)
involving finding the volume of a solid figure. There are regularities of phrasing
that suggest a common source.

Parallel:
In the Nine Chapters we find (5: Shang gong &I}1, Gud 1990, 288; Shen 1999,
279-280):

SERRTEAREE—XFR=R
RARENRER=ZER
BEEM ?

28 :

NTHOR -

il =

HE=RBURFEZXURFEZ/NTW—

Now there is a ydn chu; Its lower width is 6 chf; Its upper width is 1

zhang; Its depth is 3 chi; its end width is 8 chi with no depth; its length is
7 chi. Question: what is the volume?

Answer:
84 chi.
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Method:
combine the three breadths; multiply them by the depth; further
multiply by the length; [take] 1 for 6.

Mathematical note:

Comparing the Nine Chapters ydn chu to the case given here, an interesting point
emerges: Although the cutting described here is of uniform width, unlike the
general case described in the Nine Chapters, it is not treated in the most
straightforward manner, which would have been simply to take it as a half - cuboid,
and take (%) (length x breadth x height). Instead we are rather pointlessly made to
take the three breadths added together - and then divide by 6 to deal with this.
That surely makes it clear that the concept of the general ydn chii of variable width
seen in the Nine Chapters was known at the time the example here was composed,
even though the case described here does not require use of the general formula.

The general ydn chu ABCDEF is shown above. The faces ABCD and CDEF are
perpendicular. The height and length are as marked, and AB, DC and EF are the
‘three breadths’. Calling the height and length h and |, the algorithm given in the
Nine Chapters may be rendered as a formula in modern notation thus:

Volume, V = hl(AB+DC+EF)/6

If AB, CD and EF were all equal (as here) to some width w, then we would have:
V=hl.3w/6 = hlw/2, half of the corresponding cuboid as already mentioned

The question arises as to how this (correct) formula was arrived at. In the Nine
Chapters no explanation is given in the main text, but in his commentary (5: Shang

gong ETH, Gud 1990, 288; Shen 1999,280-281) Lit Hui describes how the ydn chii
may be dissected into a number of standard elements whose volume is already
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known, and from consideration of which the formula given here follows. It is
noteworthy that two of these standard elements (the ydng md [&55 and bie nao 8§
B and their volumes appear in the main Nine Chapters text (5: Shang gong &1/,
Gud 1990, 286 and 287; Shen 1999, 269 and 278), although they serve no directly
practical purpose in themselves, and function only as shapes useful for Liu Hui’s
dissections. Their presence suggests two (non-exclusive) possibilities:

(a) The dissection method involving such elements was already well-known before
Litu Hur;

(b) Litt Hul wrote these elements into the Nine Chapters text at the time he
composed his commentary.

However neither ydng md not bié nao are mentioned in the Suan shu shi . While this
does not mean that a rigorous dissection method (four centuries before Liti Hui)
did not lie behind formulae such as the one given here, this fact does suggest that
we ought to consider the possibility of some other non-rigorous process having
been involved. One route is suggested by the fact that we find a simple half-cuboid
such as UVWXY?Z treated as if it was the general shape ABCDE

U \Y%

Y 7z

The fact that we find the sum (UV + XW + YZ) formed here as if the three lengths
might be different might suggest that someone may have started from the obvious
half-cuboid of constant width and then made the leap of generalisation to
construct a formula that applies when the width varies.

S143
(56) The wall of Yun
A wall of Yun has a lower thickness of 4 chf; its upper thickness is 2 chf; its
height is 5 chf; Its length is 2 zhdng The volume is 133 chi and a diminished
half chi. Method: Double the upper thickness; increase it by the lower
thickness; multiply it by the height and the length; [take] 1 for 6.
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Parallel:

The rendering of ytn dii EREB as ‘Wall of Yun’ is not intended to bear much weight.
Yun & is an ancient place-name in modern Shandong, while & is a possible loan
for dii 3. In the Nine Chapters the term graphically nearest to B is perhaps gian
dii 3 (5: Shang gong &I, Gud 1990, 286; Shen 1999, 267-268), also written ETiH -
but that term refers to a simple prismatic length of wall or wedge of triangular
vertical cross-section, and in any case Lid Hui tells us that he has never heard any
explanation of where that name comes from.. The object described here is what
the Nine Chapters (5: Shang gong & If], Gud 1990, 289; Shen 1999, 287-288) calls a
chii méng 8 8 ‘straw thatch’. From what Liti Hu says, this has the shape of a
hipped roof, whose ridge length is shorter than the side of the rectangular base to
which it is parallel.
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Now there is a straw thatch. Below, its width is 3 zhang and its length is
4 zhang; above, its length is 2 zhang and it has no width; its height is 1
zhang. Question: how much is its volume?

Answer:
5,000 chi.

Method:

double the lower length; the upper length follows it [in addition];
multiply it by the width; further multiply it by the height; [take] 1 for
6.

Mathematical note:

There is an obvious resemblance between the algorithm for the volume of the
object described in both 56 and the Nine Chapters, and the algorithm for the ydn
chu volume, the only difference being that in this case we have twice one thickness
(or length) plus another thickness, rather than the sum of three different lengths.

The reasons for this are obvious from inspection of the two figures below:
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The first figure shows the roof-shape which (for Liti Hu at least) was a chii méng,
where h is what both this text and the Nine Chapters call the height, and w is what
the Nine chapters call the width and this text calls the length. It can however be
transformed by horizontal deformation without change of volume into the second
shape. in which A'B’C’D’ is perpendicular to C’'D’E’F’. (we may note that although
Liti Hul limits the term chi méng to a symmetrical hipped roof there is nothing in
the main text of the Nine Chapters to suggest this). But this is clearly a ydn chu
with two of its widths identical, just as the formula implies.

S144,5145(long gap)
(57) Straw
A ‘straw-boy’ or square watchtower has a lower width 1 zhang 5 chf; the
length is 3 zhang; the upper width is 2 zhang. the length is 4 zhang; the height
is a zhang 5 cht. the volume is 9250 chi. Method: Let the upper width and
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length and the lower width and length each multiply themselves; further let
the upper length follow the lower length [in addition] and multiply the upper
width, while the lower length follows the upper length in addition to multiply
the lower width; combine them all; multiply by the height; [take] 1 for 6.

Content:

The object described here is a hopper-shaped container for fodder; if it was
inverted, it could be thought of as a tapering platform or ‘watchtower’ as its
alternative name implies.

Parallel:
The Nine Chapters deals with the chii téng shape as part of a related group (5:
Shang gong i&I}1, Gud 1990, 289; Shen 1999, 289-290):

FEMHWBEHUESERMN -

=
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The chii téng, qii chi, pdn chi, and ming gti all share a common procedure.

Method:

double the upper length; the lower length follows it [in addition];
likewise double the lower length; the upper length follows it [in
addition]; let each be multiplied by its width; [having] combined [them],
multiply by the height or as it may be the depth; in all cases take 1 for

6.

Mathematical note:

The procedure in the Suan shu shi amounts to calculating the volume as:
V =h/6{(WL+ wl) + I+L)W + L+ )w}

Whereas the Nine Chapters specifies, in effect:

V =h/6{(2L+ DW + (2] + L)w}

A few moments’ inspection of these algebraic expressions shows the modern
reader that the two methods are equivalent to one another. It is however
important to realise that this does not get us any closer to the thought processes of
the ancient writers behind these texts. In what follows, expressions in symbolic
algebra will serve only to save writing out expressions in prose, and we shall
attempt to understand the methods given in ancient Chinese terms. In the case of
the Nine Chapters method, Litt Huil supplies a justification through his usual
dissection procedure. The principal of this is simple: If one has a shape that is not a
rectangular parallelepiped (i.e. a cuboid), whose volume can be easily be calculated
as length x breadth x height, then take sufficient multiples of the shape in question
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until one can form one or more rectangular parallelepipeds from the various
components of the original shape. The volume of the desired shape can then be
found as a fraction of the total volume which results from this process.

If we consider the following plan view of a chii téng, we shall see all the elementary

shapes, gi & that Liu Hui uses in his explanation. In this and the following
diagrams it is assumed (with Liu Hui) that the dimensions of the chii téng are such
as to allow it to fit into a simple cubic grid. Thus the height h of the object seen in
plan here is equal to w. It will become clear that the way the problem is treated
allows us to generalise the result to a chii téng in which the horizontal and vertical
scales are modified to produce a more general shape.

1

< >
A .
Nema side side andma
M qiandu | giandu Y
f:nd cube cube .end
qiandu qiandu
yangfna | Side side | yahema
v giandu | qiandu
< >

Two shapes are already familiar: the cube, and the gian diit wedge, whose volume is
half the cube. Each corner of the object is made up of a ydng md 585, a pyramid
on a square base constructed by joining one vertex of a cube to the four corners of
anon-adjacent face. A little reflection will show that three identical yangma can be
constructed simultaneously within a cube, so that each of then occupies one third
of its volume: see the discussion of these two shapes in Shen (1999).

What is the minimum number of chii téng that will enable us to form rectangular
parallelepipeds of the resulting blocks? The answer is obvious, since the number
must have a factor 3 to produce complete cubes from the yangma, and there are
already an even number of both sorts of wedges. But the Nine Chapters evidently
prefers to take 6 chi téng, which produces a slightly neater procedure.

We begin then by reckoning up the elementary blocks in the chi téng, introducing
obvious abbreviations for convenience:
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two cubes: 2¢
four yangma: 4y
four sides giandu: ~ 4s
two end giandu: 2e

If we take six chi tdng, the totals of the shapes will thus be: 12c 24y 24s 12e
Recalling that the Nine Chapters expression for the volume is equivalent to:
V = h/6{(2L+ DW + (21 + L)w}

we may construct two rectangular blocks with the dimensions h(2L + 1) W and
h(2l + L)w

The plan view of the first is:

1 3y 2s 2s 3y 3y 2s 2s 3y 2s 2s
W 2e c c 2e 2e c c 2e c c
3y 2s 2s 3y 3y 2s 2s 3y 2s 2s
v
) L A L R 1 ]

and of the second:
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In each case the number of each of the three elementary shapes used is marked
inside each cube of which the two parallelepipeds are composed. Inspections will
show that the total is indeed six times the number of each elementary shape in a
chi téng, and so the result has been established. The fact that we have treated
each of the three elementary shapes independently means that the application of
scaling factors to the length, breadth and height of the chi téng will not damage
the generality of the result.

In explaining this dissection, Lid Hui says (5: Shang gong BT/, Gud 1990, 289-290;
compare Shen 1999, 289-290):

BRBPRIFEE - mimVHERDE - MBVHIESS [.] BPR
UHEE o MmVTHER T o HME o SmAE—MA o R m— o
BfS -

This implies that [in the first figure] one gets three for each of the
central cubes, four for each of the end gian dui, and six for each of the
side gian dii [... in the second figure] one gets three for each of the
central cubes, and two for each of the end gian dii. Combining the two,
one gets six for each one of the three kinds of gi. So taking one for six,
one obtains the result.

The procedure in the Suan shu shi amounts to calculating the volume as:
V =h/6{(WL+ wl) + I+L)W + L+ Dw}

We therefore need to form four parallelepipeds as shown below:

h(WL):
A
3y 2s 2s 3y
Wi 2e c c 2e
3y 2s 2s 3y
v
<< >
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h(wl):
< L >
C C W
h(1+L) w:
4
3y 2s 2s 3y 2s 2s
2e Cc c 2e c c
3y 2s 2s 3y 2s 2s
v
< >4 >
L 1
h(L+ ) w:
c c 2e Cc Cc 2e W
< > < >

1 L

Once again, the totals are six times those in a single chi téng, and the procedure is
established.

Lit Hu himself gives two further equivalent algorithms, one explicitly justified by
a different dissection - but neither resembles the Suan shu shii procedure. Three
points emerge from this discussion:
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(1) 1t seems very likely that the basic dissection procedures known to Lit Hul were
already in use at the time that this part of the Suan shu shi material was written,
since it is hard to see how else the result given could have been derived. Although
the ydng md is not named, the fact that the corner piece of the chii téng is one third
of the cube appears to have been known.

(2) The fact that Liti Hul mentions three other results, but not the one given in the
Suan shui shii suggests that he may not have met material (or at least not all of the
material) from the Sudn shu shii tradition.

(3) While the Nine Chapters method can be seen as a more general version of that
given for the chii méng described above, the Suan shit shi method for the chi téng

seems formally unconnected to the procedure given here.

Shen (1999) 293 quotes a 12th C. AD Indian procedure that is close to that of the
Suan shu shii ; clearly this is most likely to be a case of independent discovery.

Checking the figures in the given example:

w=15, [=30
W=20, L =40
h=15

NowV=h/6{(WL+ wl) + I+L)W + (L+ )w}
So in this case, V=15/6 {(20 x 40+15 x 30) + 70 x 20 + 70 x 15)

15/6 x (1250+1400+1050)
9250

Péng Hao gets the answer 9800 (and seeks to emend the result because of this). But
this appears to be because he makes W = 22, which is not in the text as he gives it.

S146,5147(long gap)
(58) A whirl of grain
A whirl of hulled grain has a height of 5 ch; its lower circumference is 3
zhang; the volume is 125 chi. [There is] 1 shi for 2 chi 7 cun. [So] it makes 46
shi 8/27 shi of hulled grain. The method for this: Let the lower circumference
be multiplied by itself; multiply it by the height; Make 1 [from] 36. The
greater volume is 4,500 chi.

Content:

This is the first of two seemingly independent versions of the procedure for
calculating the volume of a cone; the other is 58. In addition this section gives a
volume to mass conversion for grain, which enables the mass to be found from the
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volume.

Parallels:

It is interesting that while the Nine Chapters gives a general statement of how the
volume of a cone (literally ‘round awl’) is to be found, it also separately has a
calculation dealing with the volume and mass of a conical pile of grain (5: Shang

gong BT, Gud 1990, 285 and 293; Shen 1999, 267):
SHE#ETA=XARSEAX—REB&@?
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Now there is a cone; its lower circumference is 3 zhdng 5 chf; its height
is 5 zhang 1 chi. Question: how much is the volume?

Answer:
1735 chi 5/12 chi.

Method:
the lower circumference is multiplied by itself; multiply it by the
height; take one for 36.

SHERFRTRA—+TZIE=XEABRAREEMT?
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Now there is piled grain on level ground; its lower circumference is 12
zhang; its height is 2 zhang. Question: how much are the volume and the
[amount of] grain that makes?

Answer:
the volume is 8000 chi; it make 2962 hii and 26/27 hii of grain

Mathematical note:

The thinking behind the algorithm used in the Suan shu shii is revealed in the
reference to the ‘greater volume’: This quantity is the volume of a cuboid of the
same height as the cone, but with a side equal in length to the circumference. As
Lit Hul points out, the factor of 1/36 follows from the fact that the volume of a
pyramid on that square base would be ¥ of the volume of the cuboid, and the area
of the circular base of the cone is taken as 1/12 of the area of the base of the cuboid.
The assumption here is that 7 =3, as in all other problems in this text involving
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circles.

S148
(59) A granary cover
A granary cover has a lower circumference of 6 zhdng; its height is 2 zhang;
this makes a volume in chi of 2000 chi. Method for multiplying: set out [a
number] identical to the circumference; let them be multiplied together.
Further multiply it by the height; let 36 form 1.

Content:

This is another procedure for a cone, though under a different name, but the
language used here differs so greatly from that used in the previous section that
the two procedures are clearly from different sources

$149.5150(long gap)
(60) A round pavilion
A round pavilion has an upper circumference of 3 zhang; the larger
circumference is 4 zhang; the height is 2 zhang. The volume is 2055 chi and
20/36 chi. Method: the upper circumference multiplies the lower
circumference; the circumferences multiply themselves; let it all be
combined; multiply it by the height; form 1 for 36. Now it is 2055 chi and 20
parts.

Content:
This is a frustum of a cone.

Parallel:
The Nine Chapters has a section close to this one (5: Shang gong L, Gud 1990,
284; Shen 1999, 262-263):
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Now there is a round pavilion; its lower circumference is 3 zhang; its
upper circumference is 2 zhang; its height is 1 zhang. Question: how
much is the volume?
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Answer:
527 chi7/9 chi.

Method:

let the upper and lower circumferences be multiplied together; further
let each be multiplied by itself; combine them; multiply it by the
height; take 1 for 36.

S151,5152(end of strip obscure)
(60) A timber [shaped like] a well
A round timber, well-pit or other similar object: The circumference is 2 zhang
4 chf; the depth is a zhang and 5 chf; the volume is 720 chi. Method: register
the circumference and multiply by itself; multiply it by the depth; form 1 for
12. One [method] says: multiply the circumference by the diameter; form 1
for 4. 100 and %; Question (?) the diameter ......

Content:

This section describes the calculation of a cylindrical volume. It incorporates what
are in effect two methods for finding the area of a circle, one based on the
circumference alone and one based on circumference and diameter.

Parallel:
The Nine Chapters (5: Shang gong &1, Gud 1990, 283; Shen 1999, 260-261) has:
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Now there is a round piling; its circumference is 4 zhdng 8 ch; its height
is 1 zhang 1 chi. Question: how much is the volume?

Answer:
2112 chi.

Method:

The circumference is multiplied together with itself; multiply it by the
height; take 1 for 12.
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|Group 13: Circle and
square]

S153
(62) A square from a round timber
To make a square timber from a round timber. The greater [is?] 4 wéi 2 ctin
14/25 cin. How large is the square timber it makes? Reply: it is square 7 ciin
36 cun. Method: take and 5-fold it to make the dividend; make it 1 for 7. Take
1for 4

S154,5155(long gap)
(63) A round from a square timber
From square to make round. A timber is 7 ctin ¥ ctin square How large is the
round timber it makes? Reply: 4 wéi 2 cun 14/25. Method: One face of the
timber is the diameter of the round timber; take and 4-fold it to make the
dividend. Let 7 be formed for 5.

Content:

Together with 62, this forms a pair of problems concerned in some way with
passing from a square to a circle. The physical significance of the processes
involved is however not obvious.

Mathematical note:
From the usage of the term in 36, we know that a wéi used as a measure of
circumference is 10 cun.

Thus the two measurements given here are:

round: 40 cun+ 2cun + 14/25cun = 1064/25 cun.
square: 7 cun ¥% cun = 38/5 cun

So, noting that (1064/25) x (5/7) x (%4) = 38/5
and (38/5) x 4x(7/5) = 1064/25

it does seem that the figures here are consistent, subject to minor amendments at
the end of one of the procedures (see text). But what is the point of this
calculation? The problem here is that the processes indicated by the figures do not
match up with the section titles and the verbal descriptions they contain. Thus,

taking the factor 7/5 as an approximation to v 2, which seems highly probable, in
the first case we divide some kind of circumference by 4 and also by v 2. This
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would correspond to going from the perimeter of a square to its side, and then to
half the length of its diagonal, with the second case reversing this. But somehow
we are supposed to start from a round timber in the first case, and then get to a
square, reversing this in the second case. For a review of attempts to deal with this
confusion, none entirely convincing, see Duan Yaoydng Bt ¥ B and Zou Dahai 4f

K ¥ (2003)

Parallel:

Problems of this kind appear to be the only cases in the Suan shu shii in which
there might have been some mention of the Pythagoras theorem: there are
however no traces of it here. In the Nine Chapters, a problem about cutting a
rectangular plank from a log is made to serve as an example of the application of
Pythagoras (9: Gou git A%, Gud 1990, 420; Shen 1999, 466). This example is not
however cited here as a parallel, but as the reverse, showing the obvious absence
from the Suan shit shii repertoire of a method taken for granted in the Nine
Chapters.
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Now there is a round timber of diameter 2 chi 5 cun; it is desired to
make a rectangular plank, making the thickness 7 ciin. Question: how
much is the breadth?

Answer:
2 chi 4 cun.

Method:

let the diameter 2 chi' 5 cun multiply itself; reduce it by the 7 cun
multiplied by itself; as for the remainder, reduce it by opening the
square [i.e. find the square root], and that is the breadth.

S156(strip very obscure)
(64) A round timber
There is a round timber of 1 ... It is cut... market ................ how big? Reply: 76
(?).......4 cun and a half ciin. Method: ... multiplied by itself

S157(long gap)
1, then it is completed.

S158(long gap)
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It enters two inches. Increase it and this is the larger number

Content:

Unfortunately all that can be said of this material is that it involves another round
timber, which is cut in some way. The presence of the squaring procedure suggests
that an area, or perhaps a volume is calculated. There seems to be no very obvious
basis for the editor’s decision to group these three strips together; S157 and S158
may simply be unrelated fragments.

[Group 14: Sides and areas
with mixed numbers]

S159(3 character gap)
(65) Revealing the breadth
A field has a length of 30 bii; How much must the opened breadth be to make
a 1 mii field? Say: it reveals 8 bu Method: take 30 bu as the divisor; take 240
bu as the dividend. For opening out the length [proceed] similarly to this.

Content:

This section is ostensibly concerned with the calculation of the missing side of a
field of known area when the other side is known. We have already seen a similar
problem in 47 - where however only the area and that fact that the field was square
were known. In that case a square root was found by an approximate method, but
here nothing is required but simple division. For some reason the calculation
required in this case (240 /30) is not actually carried through. The final clause
seems to suggest that a separate method need not be stated for the case when the
length rather than the breadth is the unknown; however that is exactly what the
next section does, which suggests that they come from different sources. Problems
relating to areas and sides of fields continue in the sections with which the Suan
shutshii concludes.

$160.S161(long gap)
(66) Revealing the length

(a) The breadth is 23 bu. [What] is the revealed length to seek a field of 4 mii?
Method: set out the number of bu in 4 mui; Make it that one gets 1 bu of
length for every time it accommodates the bu of the breadth; for what does
not fill a bui, designate the part by the breadth. Reversing it: let them be
multiplied together; where there is a part of a bu; multiply the numerator of
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the part by the breadth; and where [the result] accommodates the number of
the breadth, you get 1 bui.

S162,S163
(b) The breadth is 6/8 bu; one seeks a field of 4/7; its length is 16/21

(c) The breadth is 3/7 bii; one seeks a field of 2/4; its length is 1 bii and ¥ bu.

(d) The method for seeking the length: the numerator of the breadth part
multiplies the denominator of the area denominator to make the divisor; The
area part numerator multiplies the breadth part denominator to make the
dividend; [count] 1 bt for each time the dividend accommodates the divisor.
Then one multiplies the breadth and length together. One always makes the
denominators of the parts multiply together to make the divisor; the
numerators of the parts multiply together to make the dividend [count] 1 for
each time the dividend accommodates the divisor.

Content:

This section seems to be in an unsatisfactory state, and is certainly not a single
integrated discourse. Subsection (a) fails to give the answer to the problem it poses,
although it says clearly how the answer may be obtained. After ‘reversing it’ we are
dealing with a simple check of the preceding calculation by multiplying together
the given breadth and the derived length to get back to the original area with the
proviso that fractions are involved in the derived length, though not in the breadth.
Of course the denominator of any such fraction will be the number of bu in the
breadth; it is unclear why we do not simply count the numerator as bu rather than
multiplying and dividing by the breadth to reach that point. Subsections (b) and (c)
appear to give further examples, with solutions. Section (d) is a clear and fairly
complete statement of how the unknown side is to be calculated when fractions are
involved, and how the result may be checked by multiplication.

$164,5165,5166(5 character gap)
(67) The lesser breadth

(a) The method for seeking the lesser breadth: first set out the breadth. Then
say that in the lowest [place] there is a given part of a bii. Make one into that
given amount; make a half into [its corresponding] amount, and make a third
into [its corresponding] amount; accumulate the parts until you have
exhausted the part sought; put them together to make the divisor; then
register and set out a field of 240 bu; let that one for its part be made into [its
corresponding] amount; take it as the ‘accumulated bii’; reduce the
accumulated bt by accommodating the divisor to obtain 1 bui; that which
does not fill a bu, designate its part by the divisor. A further [method] says:
reversing it, then multiply the length by the breadth; let it reverse to make a
240 bu field [which is] 1 mil. In the case where there is a length which is not
divided into parts set it out and augment what is not divided into parts by the
divisor; reversing, multiply it to make the smaller 10.
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Content:

This subsection is clearly separate from what follows it, and deserves to be treated
in its own right. The ‘reversing it section resembles what we saw previously, but
the reference to ‘a length which is not divided’ is hard to interpret. The expression
‘the smaller 10’ seems to parallel a reference to a ‘smaller 5’ in section 10, where it
referred to the denominator of the fraction 5/9: but it is not clear what fraction is
referred to in this case.

S167
(b) The lesser breadth. The lesser breadth: if the width is 1 bit and half a bu;
let 1 become 2 and let a half become 1; combine them as 3 to make the
divisor; then set out 240 bu; for its part, take 1 as 2; reducing, obtain 1 bu of
length [for each time it] accommodates the divisor; this makes a length of 160
bu; take and multiply [this] by 1 bu and a half bu.

S168(1 character gap)
If in the lowest [place] there is %5 take 1 as 6; a half as 3; ¥ as 2; joining them:
11; one obtains a length of 130 bii and 10/11 bu; multiply it for a field of 1 mai.

S169(4 character gap)
If in the lowest [place] there is %; take 1 as 12; a half as 6; /4 as 4; % as 3; joining
them: 15; one obtains a length of 115 bu and 5/25 bu; multiply it for a field of
1 mu.

S170
If in the lowest [place] there is ¥5; take 1 as 60; a half as 30; %5 as 20; % as 15; ¥5
as 12; joining them: 137; one obtains a length of 105 bu and 15/137 bu;
multiply it for a field of 1 mu.

S171, S173(long gap)
If in the lowest [place] there is ¥6; take 1 as 60; a half as 30; %5 as 20; % as 15; ¥5
as 12; % as 10; joining them: 147 one obtains a length of 97 bu and 141/147 b,
multiply it for a field of 1 mu.

$172,5182(long gap)
If in the lowest [place] there is ¥ 7; take 1 as 420; a half as 210; ' as 140; % as
105; Y5 as 84; Y6 as 70; V7 as 60; joining them: 1089; one obtains a length of 92
bu and 612/1089 bu; multiply it for a field of 1 mii.

$174,5175(10 character gap)
If in the lowest [place] there is '; take 1 as 840; a half as 420; 5 as 280; % as
210; 5 as 168; Y6 as 140; V7 as 120; % as 105; joining them: 2283 to be the
divisor; one obtains a length 88 bit and 696/2283 bu; multiply it for a field of 1
mu.
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S176,5177(gap in middle of strip),5S178(long gap to end of strip)
If in the lowest [place] there is '/,; take 1 as 2520; a half as 1260; ' as 840; % as
630; ¥5 as 504; ¥6 as 420; V7 as 360; Y% as 315; '/, as 280; joining them: 7129 to be
the divisor; one obtains a length of 84 bii and 5964/7129 bu; multiply it to
form a field of 1 mui.

$179,5180,S181(fragmentary)
If in the lowest [place] there is '/,,; take 1 as 2520; a half as 1260; /5 as 840; % as
630; ¥5 as 504; ¥6 as 420; V7 as 360; Y% as 315; '/, as 280;'/,, as 252; joining
them: 7381 to be the divisor; one obtains a length of 81 bt and 6939/7381 bui;
multiply it to form a field of 1 mii.

[S182 has been moved to follow S172]

Content:

This long section is entirely concerned with the problem of finding the side that
will give a 1 mii field if the known sideis 1+ % bu, 1+ %+ % bu, 1+ %+ Y5+ % bu,
and so on up to a series ending in '/,

Parallel:

The material here is closely paralleled by a series of procedures in the Nine
Chapters (4: Shdo gudng &, Gud 1990, 251-257; Shen 1999, 199-202). Whereas
here we stop at '/,,, the Nine Chapters continue as far as '/,,. For example, we have:

SEHER-—S$¥=ASZ-—NISZ—ARFSZ— X9
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XEEtF=EaN+—-URFEHZ-8N+SHU—RZ
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Now we have a field whose breadth is 1 but and a half + ¥4 bu + % b1 + V5
b+ Y% bu+Vsbu+Y%bu+'/,buu+'/,, bu. Question: how much is the
length?

Answer:

81 bui and 6939/7381 bui. Method: In the lowest [place] there is '/,; take
1 as 2520; a half as 1260; ¥ as 840; % as 630; ¥5 as 504; ¥6 as 420; V7 as
360; Y as 315; '/, as 280; '/,, as 252; combine them to get 7381 to be the
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divisor; set out a field of 240 bi; take 1 in this case too as 2520, and
multiply it to make the dividend; obtain a bu of length [each time] the
dividend accommodates the divisor.

What, it may be asked, is the meaning of the term Shdo gudng 4> [& itself? Both the
Tang commentator Li Chiinféng ZX;Z @ and his successor Li J{ Z=£& offer what is
basically the same explanation (4: Shdo gudng &, Gud 1990, 251 and 468; Shen
1999, 196). They point out that in all these problems the given breadth is less that
the length which is the result of the calculation: in that sense, the breadth is
‘lesser’. But see the discussion of the meaning of Da gudng below, section 61.

Mathematical note:

In three cases the fractions given here are not in their lowest terms, whereas the
Nine Chapters reduces fractions systematically. In clause 101 the expression Ht—+
for 40 is something of a curiosity.

S183(large portion illegible),S184 (2 character gap)
(68) The greater breadth
The breadth is 7 btt and 7?7/49 DUl ceeeeeeeeeeeeeeerrreresesereene makes....64 bu and
273/343 bui. The method for increasing the breadth says: having set out the
breadth and the length, in each case multiply the complete bu above by the
denominator of the part; let the numerators of the parts follow them [in
addition]. Let [the results for length and breadth] multiply one another to
make the dividend; further in each case let the denominators of the parts
multiply one another to make the divisor; obtain 1 bu [for each time] it
accommodates the divisor; for that which does not fill the divisor, count it off
by the divisor.

Content:

This is a straightforward account of how to multiply together two numbers, each
with an integral and fractional part. The damage to the opening section is so
extensive that there seems little point in trying to find a plausible restoration that
will fit the remaining figures. The title of this section is clearly intended to be the
inverse of the preceding section.

Parallel:
The Nine Chapters (1: Fang tidn 75, Gud 1990, 188-189; Shen 1999, 84) has a close
parallel to the method given here:

AEHMWE
PEHEREEDFRERESEIBHEKRBEENEM

The method for the field of greater breadth says:
Each part’s denominator multiplies its integral [part]; the numerators
of the parts follow them [in addition]; multiply them together to make
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the dividend; the denominators of the parts multiply one another to
make the divisor; [count] 1 for [each time] the dividend accommodates
the divisor.

As for the significance of the term Da gudng /K&, one might have expected that it
would be the inverse of the explanation of Shdo gudng & referred to in the
annotation to 66. In that case, we would have to have been told that the breadth
was greater than the width. However the actual explanation given by Li Chinféeng
and Li J{ (1: Fang tidn 75, Gud 1990, 188-189 and 461; Shen 1999, 84) is unrelated to
what was said before. Li Ji repeats Li Chunféng’s commentary, which points out
that whereas earlier sections of the Fang tidn chapter had found areas from sides in
whole numbers of bti, and then in fractions of bu, the discussion has now moved on
to mixed numbers, that is with an integral and fractional part, so that the method
given is in effect ‘greater’ since it subsumes the earlier two. This situation seems
slightly unsatisfactory, but I cannot think of an obvious way of resolving it.

(5185, S186: see after S140)

S187,5S188
(69) [Making] a field into If

(a) The method for a field in li says: if a [ multiplies a li that is a Ii; if the
breadth and length are each 1 Ii; set out 1, take and 3-fold it, then 3 [times]
5-fold it; so that makes a field of 3 ging and 75 mii. If the breadth and length
are not equal, first let the I multiply each other; when that is done, then take
and 3-fold it, then 3 [times] 5-fold it, then it is complete. Now there is a
breadth of 220 Ii and a length 350 Ii; it makes a field of 288,750 ging. When one
lays out an allotted fief, you do it by this means.

$189,5190(long gap)
(b) One [method]: a I if multiplied by a liis a Ii; 1 to 3 and then 3 [times] 5-fold
it then that is the number of ging and mui.

(c) Further: a I multiplied by a li'is a Ii; below the li then prepare 25, take and
3-fold them. and that is the number of mii for a ging.

(d) [Another method]: a breadth of 1 [ and a length of 1 I makes a field of 3
qing 75 mu.

Content:

Subsection (a) describes, with an example, how a piece of land measured in Ii can
be reckoned as an area in ging and mti, where 1 ging = 100 mii; (b), (c) and (d) are
passages repeating the same thing, presumably taken from different sources.

Mathematical note:

The slightly strange expression in clause 5 ‘take and 3-fold it, then 3 [times] 5-fold
it’ is in fact an instruction to multiply by 3 x 5x 5 x 5 = 375, which is the factor
required in the next clause, given that 3 ging and 75 mii = 375 mii. A similar
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expression was seen in (16), where the expression Z4& required a number to be
‘thrice doubled’, i.e. multiplied by 2 x 2 x 2.

In clause 18, we evidently produce 3 and 75 by starting with 1 and 25, and then
tripling each number.

Parallel:

The Nine Chapters has a similar section to this in both title and content (1: Fang
tidn 75, Gud 1990, 182; Shen 1999, 63). Since this is placed by the editors as the
final section of the Suan shui shii, it is a noteworthy contrast that the Nine Chapters
material should be found in the first few lines of that book:
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Now there is a field of breadth 1 If and length 1 Ii. Question: how much
of a field does that make?

Answer:
3 gqing 75 mu.

Now there is a field of breadth 2 If and length 3 Ii. Question: how much
of a field does that make?

Answer:
22 qing 50 mu.

The method for a field in li says:

the number of If in the breadth and length multiply each other, and so
one obtains the ‘accumulated Ii’. Multiply it by 375; then that is the
number of mii.
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Suan shu shii 55845 text and editing notes

Christopher Cullen
Needham Research Institute, Cambridge

Previous transcriptions and this version

The original text of the Suan shi shii takes the form of columns of characters written from top to bottom, each one on a separate strip of
bamboo. For the convenience of a modern reader, each column is represented here by an unbroken horizontal row of characters - hence the
use of ‘landscape’ format in this part of my work. The characters were written on the strips in ink, using a version of the common scribal
hand of the early imperial age. Although the style of the characters is different from modern Chinese handwriting it is not particularly
difficult to read for anyone acquainted with classical Chinese. The text was published in three stages, through which the full contents of the
text and its physical appearance were progressively made public. Since I had to work with what was available at each stage, the transcription
given below was prepared in three corresponding steps:

(1) The simplified character version published in Wénwit 3 #J] in December 2000 was transcribed. This publication did not show where strips
began or ended.

(2) The resulting electronic text was then transformed to full characters using a software utility. After correction of mechanical errors and
omissions, this was compared with the full character transcription published by Péng Hao 2% in 2001, which I obtained in the summer of
that year, and revised accordingly. Péng Hao’s book marks the start and end of strips, and gives very clear but reduced size photographs of
some, but not all, of the strips. Some of these photographs are in colour.

(3) Finally in late 2001 I was able to compare the text with the full-size photographs of the strips published with the other material from
Zhangjiashan 5E 5 1] in Zhangjiashan (2001), together with the accompanying transcription and notes. My numbering of the strips follows
the ordering in that publication, which differs slightly from the arrangement in (2001). After this stage, my electronic version of the text
became in effect an independent edition based directly on the photographed strips, though made in the light of amendments suggested by
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other editors.

Principles of this transcription

My aim has been to produce a transcription that will render the contents of the strips into modern orthography as fully and
straightforwardly as possible, with the absolute minimum of apparatus needed to indicate obvious scribal errors or omissions in the original.
Unlike the editors of Zhangjiashan (2001) I have not suggested insertions purely designed to regularise the diction of the text, for instance by
inserting the name of the unit into a fraction when this is obvious from the context. Nor have I inserted passages which would be present if
the text gave complete details of every procedure, but which are unnecessary if the reader is assumed to be familiar with mathematical
practice. One of the main interests of the material before us is that it shows how informally structured early Han mathematical writing could
be, compared (for instance) to the regular, fully explicit and internally consistent style of the text of the Nine Chapters as it has come down to
the present day. Given the rare chance to read an ancient work like the Suan shu shi without having to view it through the lens of
generations of scribes and editors, it seems pointless to obscure its actual structure by attempting to reconstruct an idealised and regularised
version of which the Suan shit shii is assumed to be merely an imperfect copy. There is of course a difference between an informal writing
style and inadvertent mistakes and omissions. Where it seems that these have occurred I have noted their presence and suggested
emendations.

The usage of characters on the strips differs somewhat from the received literary tradition. This is not surprising, since this text dates from
before the process of regularisation that was undertaken later in the Han dynasty. It is a commonplace that early Han readers were expected
to use context to guide their reading in directions that modern orthography makes explicit; what is more, different parts of the text
sometimes write what is clearly the same word in more than one way, e.g. JIt, fiif and #t. I have simply recorded the variant usage as it exists
on the strips, and have commented only when there is a definite need to do so in order to justify my interpretation of the passage in question.
Common examples of non-standard usages requiring interpretation are as follows:

H read as X when used as a conjunction.

2% read as #
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jit  read as fiy
EL readas'®
& readas ¥t
===

& read as {8

=

% read as ¥

These readings are assumed without comment in my translations. In less common cases I have given the appropriate reading in a footnote
when the character first appears. In another case I have decided that the function of a character in the original Chinese text is best served in
English by not translating it at all, or at least not translating it as a word in its own right. This is yiie H, a character most familiar when it
occurs before a passage of direct speech, as in the phrase in the Confucian Analects zi yiie -F-H ‘The Master said ... used to introduce the
words of Confucius as recorded by his disciples. But in the task of translating the Suan shu shii I have felt constrained to abandon this simple
usage when faced with the frequent repetition of such introductory phrases as shu yie 7t H, da yie & H, dé yie 5 H, you yiie G H, or just
plain yiie H. Here H seems to have no sense of utterance, and to be little more than a punctuation mark equivalent to a colon in English,
informing us that what comes next is the thing just referred to - ‘the method’, ‘the answer’ etc. As such I have therefore rendered it.
However, when H appears on its own (usually introducing the answer to a problem posed) I have avoided concealing its presence altogether
and rendered it as ‘Reply:”.

There are a number of characters on the strips that are not equivalent to any form found in modern dictionaries. I have made new characters
to represent these in printed form, and have commented on their likely meaning in the context of my translation. In one such case,
Zhangjiashan (2001) deals with the non-current form F for 70 by translating it as £ throughout; the original character is retained here. In
two other cases Zhangjiashan (2001) elides interesting features in the process of transcription. Firstly it omits altogether the small
‘punctuation hooks’ . that appear in many sections of the original, while supplying modern punctuation, which I omit. Secondly, when the
strips mark the repetition of a character by showing a ‘ditto mark’ _ , Zhangjiashan (2001) omits the mark and repeats the character (or group
of characters) in question without comment. On the other hand Zhangjiashan (2001) does mark in the rarer round ‘blob’ » which occurs as a
marker at some places in the text.

Where the strips are unreadable or broken, I follow Anon (2001) in using the usual conventional signs:
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illegible character: []
broken strip: N

To deal with omissions, emendations and corrections I use a somewhat simpler apparatus than Zhangjiashan (2001). Anything to be inserted
is shown in square brackets thus [ ], while anything to be deleted or replaced by something else is shown in round brackets (). Thus a
suggestion that A in the original text should be read as B would be shown as [B] (A), and a suggestion that an illegible character should be
read as X is shown as [X] (| ]).

Since the text is written on bamboo strips, the physical form of the medium inevitably conditions the structure of the text. All whole strips
are close to a standard 30 cm in length, and about 1.5 to 2.0 cm from the top and bottom of each strip, as well as about half-way down there
appear marks representing the slight thickening where a node occurred in the length of bamboo from which the strip was cut. Several strips
bear one to three characters above the upper node mark: these are clearly titles for what follows in the main body of the strip, and have been
shown for clarity on a separate line from the main text on the rest of the strip. In a few cases there are also characters or blob marks below
the lower node. Where this occurs, I draw attention to this feature by inserting the arbitrary mark q to represent the position of the lower
node. Finally, I have also noted the existence of blank space on a strip after the text ends, since this clearly suggests that there is a significant
division in the text at that point. Where no such note is given, that indicates that the strip is filled with text down to the lower node.
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iEHE

Strip 1

< R+ R— 0 It R—RFER+REFFRER G (391 (00 BRESR—11 - 18
AT RRINA R—tB\ ST RRAHR—1 (gop fo end of s

R B IREIH — S ATIR— . =9 — L EEAS — LR AN — AT 1 15
A — R U\ 9 R— I T RRI+HR— L AATRRE+ S R—ASTRRATAR
TEAAERT UV H—thR=A+= S — L ROA A — . EATIR—FS — R +H—t

Strip 6

‘=2 +AHAZ—BROAZ TS —tERADHRAR —HFS ZHBABFRBREFAERRE

1. These characters, together with the preceding black mark, are found on the back of strip 6. They would have been visible from the outside when the strips were
rolled up for storage, and apparently function as a title for the whole bundle.

The illegible characters are obvious from the sense and the pattern of the rest of the passage.
This graphically plausible emendation makes sense if we follow Zhangjiashan (2001) in assuming that this clause follows from what precedes.
This character is clearly inserted in error, since the text makes mathematical sense only if it is removed. Gué Shiichiin (2001) and his predecessors, working from

the Wénwi transcription, seek to move all the characters from the preceding M43~ to =F to another position, following HoR—tMin strip 2, for the sake of a
more orderly text. But the flow of text on the strips makes it unlikely that a scribal error has occurred. In similar cases elsewhere I have not commented explicitly.
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Strip 7

VAES

PED MEBBHEEEEFHIREE (long gap to end of strip)

%tﬁrip 8

DEFDEND— ESFESMS - ESTIES RS —HDEFERFEANST B AT TAS T
Strip 9

ﬁ%—dﬂﬁ%lﬂﬁﬂ'%\ﬁ—ulﬂ [2Y JRS T A — AR HT—H DT DA D — RSB TADHD—HIS
Strip 10

ﬁ%tﬂﬂ:ﬁ—utﬁ%/\ﬁﬁ‘kf\ﬁ—‘lﬂ (long gap to end of strip)

Strip 11

R+t RS FRETE R A A R B AR T A AR

Strip 12

B TREETEFEEAT TRTEHL.BREBEFFE AT (two character gap to end of strip)
Strip 13

Elﬂétﬁz

YB3 7 S A EIEELES (long gap to end of strip)

5. The insertion is needed for the sense, and also to follow the pattern of the rest of this section. The omission is evidently a scribal error.

6.  This character seems to function identically to 1&; it is not clear why it is used in this title, when the more common form is used in the body of the strip. In strip 166
it occurs in the body of the strip.
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Strip 14
Eﬁgzgﬂﬁﬁ‘fﬁEEL%@‘ﬂf%EEﬂL%Eﬁ%EEL%‘ﬁﬁ%‘ﬁﬁﬂ%“l‘ﬁﬁ%ﬂ[‘l’
Strip 15
BEBUFRaR45 (long gap to end of strip)
Stri\p,lé
BB LUEZ (long gap to end of strip)
HAMEUFRE TR BEREENUr RG0S BT L. ZTSE F— - E—HhE
Strip 18
U FERBh DUUBRRF-BEFEUREFERZUEMA — (long gap to end of strip)
Strip 19
A EFRETTF_BINFEF (long gap to end of strip)
Strip 20
 ZF—FARARZEATZHAZE—T 7327 llong gop to end of strip)
Strip 21

=Vl
SR MEBHEEFHEBAEECE_ =g -IJAh_asx. [F] (£ TEE-A=0NAZNE_HE

7. Tofit all four characters above the upper node, they appear in two columns.
8.  The emendation is graphically plausible and replaces the pointless figure 7 with “numerator” as required by the sense.
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Strip 22
%‘?*ﬁ EHABEESBERSEFERBHUGEIERN —SERAT D=

Strip 23
‘I'FE—)" ANAZR =R ZHEAB=RA TR+ L HBWNAR AR BRI X BAG—EH

Strip 24
ﬁ£§+tfﬂﬁETEﬁL)( —BRBAMSNALUSENEZBUAE AEEREEE R FE

Strip 25
AEAEM—H—Bol+olh-al\-at-a R - g A-aN_a]=_olfS_-S+EH 1 BHEF R
Strip 26

1«(5}

BOU—AGHERBAADZEFPEJZIZMR B =ZERBTEPFU—RFRUES =1 ()" DUPEHZ

Strip 27
#pZE;'I:I'EEDE” Al (—)° EmAZUGEESHTIETEXAMELZ TE=2BmM=2 T8N 7EmEZ

Strip 28

HE
AE=RNAARASREE LD RABREZMEERE RN =20 RO ETE S5

9.  This deletion makes the fraction 8/10 as required by the calculation.

10.  EFEAEHEE makes this the same as $%, which has as one meaning B, here presumably ‘diagonally’.

11.  Although the strip is clear, this emendation is required to make sense of the figures.

12.  The character is faint on the strip; if Zhangjiashan (2001) is correct in this reading, then {& is evidently to be read as B, like the more usual &.
13.  Zhangjiashan (2001) does not emend here, but the change is graphically plausible as well as yielding ‘the number of men’ as the sense requires.
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Strip 29
MREFEREZIERBEULRTEREIRT - LASKRFE=RE/NAM 3] (BR)™ (7 character gap to end of strip)

Strip 30
’%pﬁﬁtﬁ%ZEﬁ‘:’iZ%ﬁﬁﬁ%hﬁtLEﬁ":’iZ/*d'EﬁﬂEﬁ:' WEHEBHERSEFEREBZES

Strip 31
BRIV BRZERENZR T (long gap to end of strip)

Strip 32
HEM
EAHMUEB " —ABRAB—AR=—ALTE - SEENERUBERSICHEAES"RE=%F

Strip 33
?E'fp—ﬁ_:ﬁﬁﬁ%—.':L‘.:%‘?%ﬁﬁﬁ%lﬂiﬁﬁ#EAtﬂﬁﬁﬂl«){%;’ﬁﬂﬂulﬂﬁﬁﬁﬁﬁ&ﬁ%ﬁﬂ&ﬂiﬁ%-ﬁ%

Strip 34
MR
MEBALEAEE—T—RBABEEN @@ (M REFHEEST RESIRAFEAETRELS A

Strip 35
EHEM—82AMEAT=8B2 = iEIZIHERHZ L RELUERRZBE LA — (6 character gap to end of strip)

Strip 36
MEZ
MEAMAR"ERTASAR+ "5 EHEFEA T AREFEEOSEME+ZF 2o +— 2 HN\ S

14.  The strip reads clearly, but the emendation is required, since addition rather than subtraction makes sense here.
15.  This character is evidently to be read as {&; alternatively Gud Shiichiin (2001) reads & as gii

16.  This character is used here as the exclamatory &, rather than for & as on strip 36.

17.  Here this character is read as the measure word Z.
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Strip 37

ARBMS+50 B HERELUEBZERERE (long gap to end of strip)

8k

AERTEHBUERE-= P Hiz—BHK— IR TERLASEEA=I=ANS=RE
Strip 39

H— (B) "MEBEREFBEAR—IM=B= (&) ZMEASFE (long gap to end of sirip)

Strip 40

ok
HERR (E8EEB/) (BEHE) "tHHBEEBAREARBREE MERSZMABRE—T AT 22 IHN\R=T71+

Strip 41
:%T.l"l'IT_EILZJ’E/*\T.l'/*\'i':ﬁﬂ'ﬁl\dﬂ}?:ﬂ'i—d‘:ﬁﬂ'.’ﬁﬂ'i—\dﬂ [Z1 (=) RAY"+=2ata+ohtBEZ HEN.BE/\.E+75.8B

18.  Though the point is trivial, since B is found in all other such cases after 71, it does seem that the omission was a scribal slip.
19.  Read here as .

20.  This strip is clear at this point, and bears no ditto mark after =. However this seems necessary for the sense, since we need 3 for the number of customs posts, as
well as for the denominator in the fraction payable as duty.

21.  This and the subsequent omission make somewhat better sense of this passage, which has to result in the factor (3*3*3)/(2*2*2).

22.  As it stands these three characters make little sense in this context. The emendation is suggested partly on the basis of the wording in the related problem in the
Nine Chapters, and partly since 2 and & are graphically close to % and Z. This suggestion assumes that a scribe uncomprehending enough to make these
substitutions (or reading a damaged text) also omitted #H. Gud Shiichiin (2001) simply reads B2 as equivalent to &, without further discussion.

23.  This simple emendation is required by the calculation, in which each amount must be double the preceding.
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Strip 42
M-HUBEUARRRBFEREMEFRABRETZWE—T AR TELIEWT (5 character gap) I EEfH

Strip 43

3418
R=H—AENS— I BES— A SH A FABLAEEREN ML+ ER= 9N

Strip 44
EHE"ARHNMBER=S (F) (F) "NPERALTIARER/EEERAREE. (FRE/KRES F &R (D)
Strip 45
BRPU—a&EL M+ ([O00) BEi-E4E—=} (long gap to end of sirip)
%&46
=
EEM=B—TABESHERESEZMUBGET=BN\2—hBE—MARBUREURHRENES &
Strip 47

HOR—m=EBN\TREA—FE—FARAETER—EMERF/N\+5K—% (5 character gap to end of strip)

24.  Read as @, as in the Nine Chapters, 75#2. Later usage in this context would have been i&.

25.  There is clearly a scribal error here, in a the form of a graphical confusion suggesting that the scribe was not paying attention to the meaning of the text, in which
each type of grain is named in turn.

26.  This seems an essential addition to make the procedure work, since each dividend needs to be specified: it may be that the scribe copied only two of the three
parallel phrases required before going on to the rest of the text. On the other hand, once the first two amounts are known, the third could have been found by
subtraction from the total.

27.  The restoration of 2 for an illegible character is based on the parallel in strip 134. Alternatively, Guo Shiichiin (2001) suggests &ll, which has the same effect
mathematically.

28.  Zhangjiashan (2001) prefers to supply RZ§E here. Multiplication by 10 is required to obtain déu from sh.
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Strip 48

=X

ER—AEZAENINABREREMOE -] (O) S=A+—2H (L1 V\)” MEEMRERARUREBE—A
Strip 49

KEABMUFERABESRZUEF—F (long gap to end of strip)

Strip 50

%%E%gﬁtﬁl\m%ﬁﬁﬁ—ﬁl\ﬁﬁl\*&'ﬂﬁ%ﬁﬁ%ﬁ—ﬁﬁ-l- [Z] (—) REMOES R [t+Z] h+—)”° HE—aREBRETEL

Strip 51
SRB— 7 )\ \ SR B R B2 41— 2K (long gap fo end of siip

Strip 52

EBREATTHIE—ALIFH=ME—SHE—LRRAFaERESR M FENI Z2IHR¥LIHES=E

29.

30.

31.

Following the text, we are to perform the calculation 100%12/88 to find the number of shéng of unprocessed grain which will compensate for a deficit of 12 sheng of
processed grain, given that 100 sheng unprocessed yields 88 shéng processed. The result is 13 and 56/88 shéng = 13 and 7/11 shéng, hence the two graphically
plausible emendations suggested here. For reasons that are not clear, Anon (2001) wishes to insert a new clause that would make the calculation relate to the
processing of 188 shéng, with a different emendation of the result in consequence. Gud Shiichiin (2001) also has a significant insertion, and makes it plain that this
follows from his reading of ¥£3€ as the name of a type of grain, rather than the simpler ‘wasted grain’.

Following the text, the calculation should give a result of 5256/144 zhii = 1 liding 12 zhii 72/144 zhii. Péng Hao notes that the result in the text is incorrect, and seeks
to emend it to —f+ =K Z 9 % —, thus excising B M %3 5k 7+ —. However, it seems simpler to emend to —f+ Z R BH M 53 Kk ++ =, which is

graphically plausible, and simply assumes that the fraction is not in its lowest terms.

Anon (2001) emends — to =, which seems to miss the point that an extra horse has to be fed from the rations of two shi originally intended for only two horses.
But the calculation is not affected.
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%%5231315%3322%5%&:753@5&5%52%‘% (long gap to end of strip)

Strip 54

E%EAE%‘— BEA+RME A +TRA/E=ABATRSE/N"A+TREZIZHORERS
%Esé‘%ﬁﬁ}?EF%‘%—I—/‘—\Rﬁ-l—l\ﬁRZ-I—:L’)‘%‘%l\Rﬁ-I-I\ﬁRZ%\HTﬁEE—E:EEWE%%”
i‘j%?%ﬁ+ffﬁ£2u%§§lﬂ;’£ffﬁ—RXER%‘L‘X;}EI:%} F ZSARFEZADE-RVE (5 character gap) 1 HEH
Strip 57

%%%Eﬂﬁ“ﬁﬁ%’%ﬁﬁ-l-tﬁﬁ ] (> tRESRERE—#e—+HN2 8T hAZFKA+tREUARMLRE
Strip 58

AE—EBABLUEARS (long gap to end of strip)

Strip 59

e

RIAMARSHN+7 I ABRGSEARESNENZB=BUMSEURARMARE X

32.
33.
34.
35.
36.

Read as Ij.

Zhangjiashan (2001) suggests that %% be emended to3f, which does not seem graphically plausible, even if the text is a little cryptic as it stands.
Read this and the subsequent & as H#Z.

The strip does appear to read Ht, but this emendation is necessary to produce the correct result: (37/57)*5/2 = 185/114 = 1 and 71/114, as stated.
Read as qi # on this strip and below on strip 66.
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Strip 60

5—8& (damaged; three visible characters at the top, then seems to have a long gap before the break) N
Smli]) 61

B H - E T EH SRS RERRESTEA IR RESS S AN+ —
Strip 62
ATTETNET—2BNAMBUE 2T REUBRERAE AT — I — R 8&EEMU
Strlp 63

FRESER—REBHRE_UES— (long gap to end of strip)

Strip 64

Bif

EBARA=SEATRARET /SHESIBROSET A B H I KEs B — B

Strip

ﬁiﬁl«l&aﬁﬁfﬁl«l BFERERZBLUHEERZABEU LR B5E2— (long gap to end of strip)
Strip 66

Ah38§39

B — SRR = SRRk K = S SRR B K S A A B A-E AT K= FH£ 5

37.  The insertion of this character is required unless the expression is to be defective; presumably there has been a scribal slip, possibly also involving a dropped ditto
mark after the preceding B. The strip reads very distinctly at this point.

38.  Read this non-standard character as yin ff “to give drink to someone”, here referring to pouring water into the lacquer.
39.  Read both this and the later non-standard E% as g7 .
40.  Read this non-standard character as pdn #%.
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;rltl'lr”cé'7 MBUZtAER—IMEtEEEEET t+HEBEBR=22RE WA — (long gap to end of strip)

Strip 68

;REEItI'IEHfL/Uf —JH=ASRE=A—ARMEALT—AEBALETM -1 (1" PP =m—AshB=d—HAERE
Strip 69

+HE<UE— (long gap to end of strip)

St:t"ip 70

%EI[TT ANTEBR=REENT=SUATMRE-EXAMUBS"BRAGEN\SEERBLN\TEIE (@ character gap to end of strip)
;:%3]\—}1"_[ BRRATE=EATASRUMMABRATE-EAMRS=8 i (H”? = N\2E —TBU+RTRE
Strip 72

&EIEI’&.‘F FEATEOOTEOORREOF (domaged and only partly decipherable)®

Strip 73

?%z\‘l’ﬁ'ﬁﬁ%%ﬂEIﬁ‘I"‘C%ZE;_\‘H'LQ%‘I'—EﬁELXQ?%ﬂ iR NTREBEZEBE (space for five characters, possibly obliterated))

41.  Although the strip clearly reads 1, emend £ to — since the divisor is clearly 31, and this is graphically plausible as a scribal error, given the old form of & on the
strip is a horizontal line with a short central vertical stroke.

42.  The strip reads T, but this graphically plausible emendation is required, since the calculation is clearly 366 x 15/16 = 5490/16 = 343 1/8
43, There is no room in the gaps here for the major insertions proposed by Gué Shichtin (2001).
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Strlp 74

E =44

E1$i MBMAE"REUSEFR—AMUBSER TEX BB VFEE=LEAATMAEBEBNE
Strip 75

RE _ESTRE LA EEFRFRIMREAOLL (long gap to end of strip)

Strlp 76

7ﬁ E-aOiafPFrAENEERtRAaERELAM.H5=80aH X1 28h+ (2] (@) it

Strip

_EEZﬁLXZ%E\D]‘——EZﬂ-ﬁﬂLﬁ%%ZZ%E (long gap to end of strip)

Strip 78
"\ﬁﬁ
IR #53RRATTM+ = 2ZBR 17515 — (long gap to end of strip)

Strip 79

;ll]b

ﬁﬁk S ARE DK OR)” SRASERATBEARBE/NFKEAFEARERE T 2MtARAR R —BEKR

44, Read this non-standard character as lii Z&.
45, Zhangjiashan (2001) suggests that the repeat of this character should be read as mdi &. It would also be possible to read as jia f&.

46.  This emendation and the preceding insertion of 7% are needed to produce the correct result to the calculation specified: 150%100/(436/3) = 45000/436 = 103 92/436.
Scribal error seems likely here.

47.  The emendation of £} to #& is graphically plausible, and also attractive in view of the parallel from the Nine Chapters.
48.  The transpositions proposed for the material in this section by Gud Shiichiin (2001) are incompatible with the flow of text on the strips.
49.  Emend thus since it is the amounts of fat and water that are calculated in the following. The change is graphically plausible.
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Strip 80
—BJJJ( —3 2 (3] (F)° EETRFRSEEMFSEREAFBRAKSEZILMAEERART (FH1 (=h¥EFHK
Strip 81

= 7 Eh A A=RBEAFTBUEGREEK AR TEMARUAR BEAESKAZT—HE—F

Strip

$ELX,£nnﬁELX ERE IN—MITEE 173 28 (long gap to end of strip)
HY*E‘I'%:—S-I-%‘E'ZZ/\%F&%@% —3 (B)" 7 B @ +=FF—ENAABREE— 3 (FH” TEHMT2WE—F Gr)™

Strip

*zi'l'l't*f SATASEABEZAS—AEEER () —F8 B8 A+t2% & F (=] 0w &) m—3°

Strip

Hﬁzfﬁif 3 Sez—A—ARRESI—IEHABE+T—2 SRR —3 (=) “ARRALI+—M—

50.

51.
52.
53.
54,

55.

56.

This emendation and the others on this and the following strip are needed to produce the correct results - which are simply a quarter of the amounts of rice and
water previously given as needed to process 20 jin of fat. The numbers are graphically plausible, and the ancient forms of 2} and F# differ by only one small stroke.
Zhangjiashan (2001) emends differently, for reasons that are not immediately clear.

The deleted character makes no sense here.
This graphically plausible emendation yields a typical result statement.
Emend thus, since the calculation clearly needs the number of bu yielding one doéu, and the forms of the characters on the strips are easily confused.

Though clear on the strip, this character seems to make little sense here. It is possible that it is used in the attested sense of qii # ‘seek after, pursue’ GEFEAFIE),
in which case it may be equivalent to the qii BX ‘collect’ we would have expected before the following chéng #2. But this is highly conjectural.

The strip reads clearly, but the emendations given here are needed if the calculation is to be 37%10/197 = 370/197 = 1 and 173/197 as the problem requires; the final
3 is out of place. An arithmetical rather than a scribal error seems more plausible as an explanation of the present state of the text. Zhangjiashan (2001) wants to
emend so as to yield the result 35 and 24/197, the amount when 1 and 173/197 is subtracted from 37, which seems unnecessarily complicated.

Although this character is clear on the strip it needs to be deleted if the text is to state the calculation correctly as 10¥5/11. This yields 4 and 6/11, which when
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Strip 86

FE7H

HHEZSLZVHRETSNS S — A S tAVEARDN—ASEREETHLUSEL ($) () "85 1 -
Strip 87

—gﬂﬁiﬁﬁ—ﬁmaniﬁﬂﬂlﬂﬁiﬁfﬁnﬁﬁ—ﬂﬁﬁwﬂﬂﬁb long gap to end of strip)

oy

£

EBERFE—AAETAIREIEZHB K- —B B KNI _BEARNL (2 character gap) I E
Strip 89

%inEﬁEﬂE—El?%ﬁﬁﬂ%Zﬁ*+ﬂ%¥ﬁ?féﬁki—\5L%‘%¥ﬂ§+ﬂﬁESJr(3 character gap)

Strip 90

*E%%%i’éﬁrﬁ+£ﬂ--ﬁ§¥i§§%‘ﬁ+ﬂ&—ﬁ (long gap to end)

ke
HY%*E‘I'I/EE?E—QEZZ'H'I\TIFE‘?%%EJ%—?ETI‘LEIEZE%&ELEE%ﬁb&i-%*ﬁi&%Zﬁ

Strip 92

B_UEST BN TN\2$MH+EM—3R long gap to end)

subtracted from 5 gives 5/11 as stated.
57.  The correction of the unit is obvious, given that the quantity was correctly stated earlier on.
58.  As elsewhere, it is the number-unit pairing —q that is to be repeated.

59.  Since this has the same upper part as # zud but with the grain radical below, I therefore guess the reading zud. It seems to be identical in usage to the later 5&.
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Strip 93

%E?%ﬁ%%‘iﬁﬁﬂiﬂ%‘ﬁﬁEH%&LXE;‘EWELX%ﬂ%—L)(EEFI'#L){%;}EZZD;’H%—%E%ﬁ [SH1° EEEH (two character gap) I -
E%%DX%EWDX%#%—DXE?%‘I’#DX?%?HZWH%—*fl'i#ﬁﬂ'%‘ﬁiﬁiE*f%il«‘i?%%ﬁﬁl«‘i

Strip 95

HFRAB—LABTHEEN - R 15— (long gap to end)

Strip 96

H—#z+F—ANE- AN SRE_ ARSI NRRBRESHMGREM BT AT =m—ott

Strip 97

BLERSRELUBIHAE (long gap to end)

Strip 98

iﬁ%ﬂﬁﬂ'ﬁ*ﬁ‘kﬁﬂ'ZEﬂZ‘kﬁﬁ—5K’)‘¥ﬂ'2%:¥?aﬁk+fﬁﬁﬂ'2lﬂI\Z‘I'ﬁ'ﬁ—ﬁlé’)‘ilﬁﬂ'%%ﬂﬁﬂ' - ERTM—EY 115
Strip 99

(¥ABRO A TAE [+FH2Am—F2F ([O000000000)° AB/KAARARZSEBEF-_LZ=M—FVPFHAR

60.  This insertion is seems essential if the phrase is not to be grammatically defective, and to ensure that it follows the later parallel dealing with the case when the
smallest unit is a shéng.

61.  This character is needed for the sense; possibly the blob was intended as a contraction for it?
62. Read as &R.
63.  The restoration of +F+ZLM—Z 2 for the lacuna caused by damage is clearly justified by the consistent mathematical pattern of this section.
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Strip 100

BARHAZ —THRABAFNAZTEAM—EVEABBMA S HZN\+FAE/\F (long gap to end)

Strip 101

*QEKIT_EIﬁﬂz—%ﬁfﬁ‘HEﬁﬂZﬁfﬁuﬁ‘tﬂufﬁ'i'?L (one character gap) ¥R B A —BK TN\ DA ANEAF IR 1 15
Strip 102

lﬂg}ﬂz—%ﬁ*ﬂﬁﬂ'zzunﬂul\¥d@lﬂﬁﬂz—ﬁgﬂ'ZﬁﬂZﬁLnL-I-EE%LEQ%KIT_[IQ?I'Z—%%K

Strip 103
‘I'/p*\ﬁ?'I'ZEEL/\L-I-?LEQIEIﬁﬂz—ﬁ*ﬂfﬁ:ﬁﬂnd\ﬁun¥éﬁ*EﬁﬁZ-%%*ﬂ:ﬁﬁZ‘Fﬁd\L

Strip 104

AF TSRS T2 — BEMASFZH A ([ (F B.F+F long gop to end)

;%ip 105

A THIEAERVEAEBEESRER BN TASARCABE—AEER—HTEANT=9H 15

Strip 106

ZPZEH”CL;E'E—5#%‘%%--*4nﬂ'ﬁZE%\‘FEﬁﬂ'ZEE’E—E%‘%E‘i—nﬂﬁ:E}—\‘FEﬁﬁZ*ﬁ (2 character gap)
Strip 107

RABATERDPEAECRET —2ABEERE—AEBEER—ABTBNTEAARRE T ARE—IE 15

64.  The character A is quite clear on the strip, but the emendation is essential for the conversion to work.
65.  Zhangjiashan (2001) reads this as F, but it must be - for the calculation to work; the state of the strip at this point would allow either reading.
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Strip 108
FRTttAEENtTESAREBR T A E—aEERTtIRAABTTBANTASFALBHT S (5 character gap)

Strip 109
ERE=ZMERZNMERTRABK=ZRKTEENASBNE=—MEERNAE I 5

Strip 110
FH AN (long gap to end of sirip)

Strip 111
ERAR=RZAM—FERENZ T — FRKET A+ —SERF T MZA+T—oKK 1 15

Strip 112
R Z=T— (long gap to end of sirip)

Strip 113
FRARAM=AMA— + SAER—ALA=ER/REMBEHR LD ANWEHBHEFREU=

Strip 114
S+AE (long gap to end of strip)

66. In Zhangjiashan (2001) 58 is followed by B, but this character is not on the strip.
67.  This insertion is required for the calculation to work.
68. Readas .
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Strip 115

PARRAMAZ=K—SBRL B AREARLTBRAR—A LS A=1B
Strip 116

FeHEURE [73BE] () (long gap to end of strip)

Strip 117

KEH

BAR—OR—AHEZEARESEOEAREN —AZ34737 = FH) NFREREH-755 (= F) N\t
Strip 118

EIpEﬁK‘I'S-I-i—\S-I-#D,(Z%*}fl«‘XZEE’z%FEE%E%Eﬁ#%ﬁZﬁk%ﬂ@ (9 character gap)
Strip 119

EARH

KRNI EB A=A —TTBERREHGEAR=RLUTIAFEZR/E I E
Strip 120

NAOA®EABERAOOOMOAOEARN

Strip 121

N FRAAFRSAFBAEER] (OOOOOOOOOOOO0" SEEASERAANSFALZ—HBEREH 1 5

69. Readas 73.

70.  The restoration of the illegible characters is required by the calculation.

71.  Inboth instances in this strip, this graphically plausible emendation is required to make sense of the figures.
72. Read as fR.

73.  The restoration is justified by the calculation which follows as well as the parallels from previous strips.
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Strip 122

ﬁ:ﬁ=ﬁ=ﬁoﬁk5?I'#ﬁléEﬂ%‘}\l«‘lﬁoiﬁﬁiﬁﬁﬁﬂﬁ‘l’i@ﬁﬂiﬁﬁ*%—?I' (6 character gap)

Strip 123

NOAZSAAHKBERERAKR=R 1 &

Strip 124

NFLUSEN HARIZFTZBRBEAEMA—(ong gap to end)

Strip 125

...... aht+8..

Strip 126

8ix

BRILPEBNRLIRER—HMAERERIE—GSNEBECARPEKELE

Strip 127

F'nﬁEIEUJ“"TE%%ﬁEI BExROEH ] (—) 2 =h 7 ShERtdE S tatAnaRsRm+aEEaH+
Strip 128

BiEUEEB—=2L (long gap to end of strip)

,Sgi%]%’

EA—-AKNAHE—BAEE+E— A= EEMS—ABKTREASEE—BALEARE+=
Strip 130

EEMNZ 2 =mMBR+REUR+AFTABE (long gop to end)”

74.  The emendations are required to give the denominator of 17 needed for the calculation, and to give the correct unit. The original characters are graphically similar.
75.  Although the figures in this section do not work out properly, this is in my view more likely to be due to mistakes in the original calculation rather than to a
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Strip 131
B A—BBRMBERT SRS —ABKREBY — B ASARS+REH RIS EUKTHETSE (10 charader gap to end)
Strip 132

gﬁ£+E%%E£$ﬁﬁEMﬁﬁEﬁi$ﬁ@@E$%Zﬁ@%ﬁ$ﬁﬂinEEnﬁ%

Strip 133

g%A:ﬂﬁ%EAEﬂﬁ’)‘:F‘nﬁ%%ﬁ)\ﬁ%%%ﬁﬁ%a£A$§+E%T\E§§E [F] (&) BE 8] (F) HEREEEE

%TPE][S%] (B) EREBMIREZUFIERFSERBEUFZRE" (long gap to end)

Strip 135

K

BRI =82 (1 (1) = “HSHERET I EET=8RREEsRaaRtlas=

Strip 136

B hn THSERNERER—IERNEAE D ERBEARUREUERRT A RBELUR

copying error: see translation.

76.  This and similar revisions in strips 133 and 134 (correcting a scribal error?) seem necessary to deal with the fact that it should be the actual amounts of excess or
deficit that are treated as the B ‘denominators’ which should be added to make a divisor, and the rates of spending that are the % ‘numerators’ cross-multeipled

by them. In the rest of strip 134 the fact that it is the difference of the F that is formed strengthens this impression.

77.  These last five characters do not make good sense here. Zhangjiashan (2001) agrees, but suggests moving them elsewhere after deletions and insertions which seem

excessively confident.

78.  This is the simplest emendation that makes the calculation work. However, as Zhangjiashan (2001) points out, the result makes /i grain more expensive than bai

grain, which is not usual. It is equally possible to exchange the names of the two types of grain in the emended text, as Zhangjiashan (2001) suggests.
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Strip 137

BETABESEWE—=2L (long gap to end of strip)

Strip 138

K—B=DE R —BFBELIUTABE RTINS REZ LT ARSI

Strip 139
SFSEARARIAFTOLRBTRANBUBRBAESERRZ=S2B_EARIEBETE=9
Strip 140

PU—B=mA 2] (&M P=HZMPEEEEEZ. =TI BZRENBHBUE—-3} (7 character gap)
%iEH 185%
H—mMA#OL BF+ATH—2LThTBAF TR AR TR AATEER"TATEHEABRURELRE

Strip 186
FREBREFRABEBHUBEE ZUBIER I (long gap to end of strip)

79.  These two emendations make sense out of an otherwise meaningless phrase. The first is perhaps the result of a graphic confusion, while the second (suggested by
Péng Hao but not adopted in Zhangjiashan (2001)) may be a phonetic slip.

80.  The numbering of this and the following strip reflects the fact that the Zhangjiashan (2001) editors place them later; I prefer to take them with other strips bearing
material relating to the Rule of False Position.

81. Read as B
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Strip 141
g”l‘%ﬁi“?’iiEIZRHBﬁﬁii [f] () X R W) RE—EBeE=F=8TR/IBEEHR 5 (R> SUH
Strip 142

(&)™ TFeZENRE [7SA—1” (long gap to end of sirip)

Strip 143

25%1‘@IERJ:E:REER%:St%E“E*HER’}‘EIﬁRTﬁE%J:EDXTE%ZL‘X%&%%Z}—\E&—

Strip 144

%E&H%TEiﬁR%EiLE:ﬁ%IEIE’IER?E?FF:Eﬁ-I—RTﬁEIJ:JE%‘FE%%EQEQJ:

Strip 145

RIETRLER LETRIE LRLERTESFH ILEI” 3RiZ7<B— (long gap fo end)

82.

83.

84.

85.
86.
87.
88.
89.

Read as yén $&,since we are clearly dealing with the ramped tomb-entrance excavation called by that name in the Nine Chapters (5: Shang gong B If1, Gud 1990,
288), for which the graphically similar 38 appears to have been substituted by a scribe unfamiliar with this relatively rare character..

Zhangjiashan (2001) suggests that this ding T might be read as ding J& , here referring to the vertical face of the end of the cutting. This makes more sense than the
original, and is phonetically plausible.

According to the procedure, we are told that the accumulated widths are 30 chi, and that this is multiplied by the height, and then by the width, all divided by é:
30%12%39/6 = 2340. However the result given in the text is 3360. We may either emend this, or change a figure in the data. The second course is adopted here, since
the changes needed seem graphically more plausible, so that we have 30*12*56/6 = 3360.

Zhangjiashan (2001) suggests this emendation, which makes the link required in the calculation.

This character is clearly superfluous for the purposes of the calculation.

This or an equivalent insertion is essential to complete the algorithm, although the strip clearly lacks these characters. I follow the model of later sections.
Read as F&.

This or an equivalent insertion is required in order to make the calculation work, although the strip reads clearly at this point.
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Strip 146

fiEsg

FASARTRAZ=XEEHAR - ZRtImM—a&RAM et ac N \HEiBTRABRLUSE
Strip 147

Fe27smpi— - KEEMNTFABR (long gap to end)

Strip 148

ERES

RETREAXESLRBRETFREAMHEINEBASHEER.BUS T 7S —

S;t:iF_M?

EE A=t ARNL At FE+ERMAS RITIETER LA BREHLS

Strip 150

T (—) "STFRTARSH (long gap to end)

iE
EMEEeYA—XNORFLARB LB RMBHE" EAERMUEERE2+=K——B

Strip 152

(A (O)” EEOEK— - —BEREREO (long gap, strip very obscure and might have borne further text)

90. The insertion is needed to complete the algorithm, following the model repeated elsewhere.
91. Read as .
92.  The strip is obscure, but the emendation is plausible.
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Strip 153
USRM7H

PVEMAEMEANE=STHASTTEAAMENBS tIART=mERAMASES tm—M0 [Mm—T"

Strip 154

RS
SARERMA T ES TS AEMSAENETHES N - HEAHZ—EE

Strip 155

EM EHERMNZUAREZSIAMA [ (—)™ (long gap to end of strip)

EEI;;J'] 56

=

BEM— (?) Bz OORO00OOO0AZER (7) 4 (7) 2 (7) QAR RN ER
Strip 157

—BNA% (long gap to end of strip)

Strip 158

ATz ZBIAREE (long gap to end of strip)

Strip 159

RYE=
Bﬂf?ﬂﬂ*ﬁ%ﬁilﬁ%ﬁﬂﬁ%ﬁ—ﬁflElEﬂll\iﬁﬂfE]DX*H%H%EDX:EHH%HEEWEW&MB (3 character gap fo end of strip)

93.  The missing characters appear to have been omitted because the scribe ran out of space at the end of the strip.

94.  This graphically plausible emendation is the only one required to sustain my view of the way the calculations on strips 153-155 work. [J"2 = 7/5, escribed and
inscribed square etc.]

95.  This strip is almost indecipherable in parts; readings followed by (?) are conjectural.
96.  In such contexts read as zong, equivalent to #¥.
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Strip 160

RYAE
BEH=58RIECKHNMOGKBEMNMTHIMELSHMSE—S BT EBUER 2 EIHFEN

Strip 161

BT EUBEFRD FUESHIF— (long gap to end)

Strip 162

EF\%&ZZ—\*E ] ()7 PROERT—D T RELA L= RANS L _Hit—F$ 5L
Strip 163

—ﬁp??iﬁTﬁl%ﬁ??ﬁ*ﬁﬁﬂ?%575*%63?5@%5352%%:&!]5%—ifuﬁ'ﬁ%l«){)%iﬁ*ﬁ%)‘l, (N)” LD BHEFRRED FHRSEIUE—"
SjtriF?lb4

fﬁl‘%’}‘EZWﬁE?BEEEUETﬁ%:F [531 (25)” —BETFUEAEETU=SHETEA UEBRMSE
Strip 165

ZUGENE "EHZatES MU —RETURRSRES AR — SRS ELIEMES EHE

97.  This graphically plausible emendation is required for the calculation to work.
98. Readas [l
99.  The repetition of this character makes no sense and is presumably a scribal error.

100. The scribe was evidently determined to finish the text on this strip, since he took the exceptional step of cramming the ditto mark and last three characters into
the space below the node. Even then he omitted the unit £ which would normally have followed 4[];%—: see the parallels in strips 42, 51,58, 69, 83, 137, 140 and
earlier in 163 itself.

101. Read here and later in this strip as 3K.

102. Bearing in mind the detailed applications of this general statement below (e.g. T =43 in strip 168) it seems evident that this graphically plausible emendation is
appropriate, even though 5 is quite clear on the strip.

103. Read as £&.
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Strip 166

ZEDDXE;E'L*E@EH BitPH—RMEREATERIUEEB AT ETZLLE /T (5 character gap fo end of strip)

Strip 167

PDPEC —SESU—E - 5 —R=USEIME_BHES U —8 " RIESE—S BREATESRMU—FTHLIE
Strip 168

-Fpﬁfﬁl«)( —ANFER=PRCEAZT—SEREMTE+T—2F 21, ZH—HR (one character gap)

Strip 169

Tpﬁlﬂﬁu — AT ¥ AR AR ARZRIZTAGRE—TALEH AR T AT ZH—HL (4 character gap)
Strip 170

Tpﬁﬁﬁl«‘l — At =2t Ao Sta- 28T -EAeMtEEaaTaEataT 2 +hARCH—®
Strip 171

Tpﬁf_\ﬁl«‘l —mrntFEat=Esat msat+h-2Aa+T oA STRZEBMEE’A T ESEEtS

Strip 173

F (] (A)"” Bift—FRZHE—E'” (long gap to end of strip)

Strip 172

TEtAU—RANET¥R "5 -+ =28 A RER-2B/NTEAD BT EABATREZTFNTABKATZ

(Strip 173: moved to after Strip 171)

104. These two characters are written below the upper node, but appear to be a title.
105. This last character is written below the lower node, which enables the scribe to get the whole text into the strip.
106. This graphical plausible emendation makes this strip into the missing conclusion of strip 171.

107. Zhangjiashan (2001) suggests a long insertion into this strip to make it follow on from strip 172. But it seems easier to read the second character (which is
damaged) as & rather than 1, which would make this the missing ending of strip 171. This would of course leave us with a missing ending for the text on strip 172.
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Strip 182
SETN\TIARETLZSBE—TZFZH—HR (long gap to end of strip)'®
Strip 174

('I:;ﬁ!\ﬁl«)( ANBEHFERNET=28"8N\+ HEH22"B—+ AS BB TN\ ASBEHtSHE T N\ZRERARKL (=]

Strip 175
—B A" FEUEESRNTN\SEZTF BN TZ=3F 27BN 73T ZHE—H (10 character gap to end of sirip)

Strip 176
Tpﬁ%ﬁl_«# ATTFHAETHEATIEAT =288 M (" M AR<BMASSAEN S ANE T tS8=81TN\5

Ty

Strip 177

J'bﬁ?-% BNTRZtEF—BHLLEE (long clean empty section in middle of strip here) BSIEN\T AT B tF—BHAD T L
Strip 178

BT ] (B 8751 IEZRE—# (long gap to end of strip)

Strip 179

TETZU—A-FREHFBT a8 st =28\ Bt NS R B AL BAEN 2 /NE Tt 8=t N5

108. This strip is clearly the missing end of the previous strip, and should be moved to this position.

109. The strip is not easily legible here; the emendation is necessary for the calculation to work.

110. The character is illegible, but J\ is required by the calculation.

111. The strip is hard to read at this point; this emendation is both graphically plausible and required to make the calculation work.
112. The strip is hard to read at this point; this emendation is both graphically plausible and required to make the calculation work.
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Strip 180
2.%pEE—+£Lnﬁ2.%:El\-l—:l—ﬁ%:ﬁﬁ-l—:EZt=FEEI\+—L‘X%iﬂ%iﬁl\-l——*fﬁt?EEl\-l——ﬁ%ﬁ
Strip 181'"°

T (N & HAEAOO0) sk mE—#

(Strip 182: moved to after Strip 172)

Strip 183

AE

B tsina$200000000000000000A0AH IS B EHE 252 BT AT EEREHSUES B
Strip 184

RELZES L0 FRLZIMERMEEA/IIOBERBEIEF —SABE LUK (2 character gap to end of strip)

(In Zhangjiashan (2001) strips 185 and 186 are placed here. | have however preferred to take them as following strip 140, on the grounds that they belong
best in the group of strips which, like these, deal with applications of the Rule of False Position)

Strip 187
BN
ERMHERE HERE—BIE—EmM=2E=AaH=ETAM EBERAEFETUEMRED

Strip 188
J’Jﬁ'ﬁEZﬁ =RZDGESHERCEHER=aATERATNENTtERHIEERFULESZ

Strip 189
—EIEWE%E:@EEWEEEZEHEE@SZGLﬁEE?EE:@.L‘XEZ'FEU%ﬁEﬁ'ﬁEZD]‘EtE

113.  This strip is a mere whisp, on which little can be made out in the photograph. I adopt the emendations made in Zhangjiashan (2001), which are required to make
the calculation work.
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Strip 190
MEBtEHE—ER—ESH=IEF A (long gap to end of strip)
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