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FRACTIONS IN THE SUAN SHU SH7
(CHINA, BEGINNING OF THE 2 "° CENTURY BCE)
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ABSTRACT: TheSuan Shu Shcontains 301 instances of regular expressions
for fractions. They can be “mono-dimensional” (femnwith one integer name
only) for unit fractions, “bidimensional” (with twonteger names) for both unit
and non-unit fractions, or lexicalized only for 1132 and 2/3. The present paper
gives a complete description of the diversity oési forms. Bidimensional
expressions are predicative phrases: the nmafée of a unit fraction I acts as
subject and the numerator's name as predicaterdingao the syntactic context,
the morphemeh can be used as an optional marker of this pradeeatiation.
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1. FRACTIONS IN THE SUAN SHU SH7?

The Suan Shu Si is a mathematical text written on 190 bamboo strip
consisting of approximately 7,000 characters. Thenuscript was excavated
during the winter of 1983-84 from a Han Dynasty lboim Zhangjiashan where
a calendar for the year 186 BCE was found, andvedadmb is thought to have
been closed that very year: the book was probalityew in the beginning of the
2" century BCE. Peng Hao (2001: 4-6) states thaptbduction and taxation
standards mentioned in some passages prove thatwbee copied from
originals written in the kingdom of Qin before thaification of China in 221
BCE, while other sections could only have been amed during the reign of
the Western Han Dynasty which began in 206 BCE.

The text contains 301 occurrences (not all différefiregular expressions
for fractions. This is much more than in Qin-Hannuscripts found in the same
tomb*, or elsewhere but not specialized in mathemalite Qin-Han texts of
mathematics were discovered after tBaan Shu Sh they5 shows no
discrepancy concerning the expression of integadsfeactions which are all
proper fractions i.e. smaller than 1, the denominator being largpgn the
numeratot. They are all written in the Chinese languagesd Arabic numerals
in translations because they are more readableriaters written in English,
but there is no symbolic numerical notation in ehniginal.

Expressions for fractions can be special lexicdlitems, but clearly such
a scheme is viable only for a few specific fracsipin Qin-Han texts this was

2 Abbreviations:DECL: declarative;Mw: measure wordNUM: numeral;0BJ object of
transitive verb; 8BJ third person object pronounn) (with a numbern written in
Arabic numerals): the mono-morphemic expressioth@fnumben in a given language;
A(B) and A(BC): the characteA is a rendition of the original character encouedein
the Chinese corpus, the charaddeor the sequendBC in parenthesis is a modern form
of what is understood fok. For exampleZ (), #(=+), #(=+), #(w+), (&
1), &(X).

% Authorised editions of thBuan Shu Shwere successively published in [Wenwu 2000]
and [Wenwu 2001]. An edition with commentary wadlmhed by Peng Hao (2001).
Japanese translations were produced by Jochi 81)2hdOkawa T. et al. (2006); the
latter includes a translation into Contemporary néee by Ma Biao. Another
Contemporary Chinese rendition was done by Hu Y{@@06) who worked under the
supervision of Zhang Xiancheng (Southwest Univgrsithongging). Two independent
English translations were successively produce@iiien (2004) and Dauben (2008).
*Yang Lingrong (2008: 14-20) counts 328 fractionstlie Suan shu sh (including
atypical expressions of fractions and expressidmsaportions), but 58 fractions only in
all the other corpora of Zhangjiashan.

® | checkedShu#¥ (it belonged to the Yuéll Academy, the text is rewailable in Xiao
Can 2010; Xiao Can briefed me by email about ineged fractions iShubefore the
formal publication), anduan shu#4#; (which was excavated in Shuihudi in 2006); at
the time of my research, only short excerpts wemwdlable in [Shuihudi M77], a joint
publication by the Hubei Provincial Institute of I€wal Relics and Archaelogy and the
Yunmen Museum published in 2008, and in Chemla &Bi&o (2011).

® There is a wide range of values in Ban shu shthat depend on the calculations they
are involved in. For example, 1/50 is on strip 2/1B is on strip 55, 47/98 is on strip 92,
and 162/2016 is on strip 20.
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limited to 1/2, 1/3 and 2/3. On the other hargkaericlinguistic pattern capable
of communicating the fraction of any two integees o account for both the
numerator and the denominator, thus producing nicaleexpressions which |
call bidimensional Unit fractions 1 are a special case in the corpus since
approximately 64% (exactly 83 out of 129) of thentycstate their denominator
n and end upnonodimensional

English two-fifths can be inserted before nouns or measure wordseas t
head of a noun phrase using the preposigfhrfor exampletwo-fifths of the
populationor two-fifths of a liter Contemporary Chinese expresses 2Maten
zhv er, i.e. {5} fen zit {2}, with the denominator's name given first, the
compoundfén zit coming next and the numerator’'s name in last jposifThe
compound {5}fen zlt {2} can in turn be inserted directly before a m@&asword
or a noun to form the sequences “Fraction Namew# or “Fraction Name +
Noun” respectively; placing the fraction name i tthead position of a noun
phrase “Noun (+de []) + Fraction Name” is also possible. Nothing can be
introduced between the componentstwb-fifths or {5} fen zIt {2}, therefore
such compounds afiaseparable semantic unity inseparable fraction names
But in Qin-Han manuscripts, the only inseparabéetion names were on one
hand special lexicalized expressions of 1/3, 1/2 2i3, and on the other hand
the monodimensional expressions of unit fractiom# bccording to the pattern
“Denominator +fén”; measure words were inserted after these exmessi
Bidimensional expressions of fractions were buslpeedicative phrases with the
name “Denominator's Name fén” of a unit fraction acting as subject and with
the numerator’'s name acting as predicate. Whenasune word was involved it
was inserted right after “Denominator f&n”. The morphemezhi could be
optionally added before the numerator's name asaeken of the predicative
relation.

The present paper provides an exhaustive survéhyediversity of all the
expressions for fractions in tiBian Shu Sh.

2. MEASURE WORDS, INTEGERS AND MIXED NUMBERS

Measure words can be found after the “Denominatoféer¥ compounds.
Measure words in th8uan Shu Share mostly units of measurem&rthey fit
into the constructionNuMm + Mw” where the numeral can be the name of an

" Guo Shuchun (2002) and Yang Lingrong (2008) alygaesented the various patterns
which can be encountered, but they failed to géatiteir distribution and to relate them
to their insertion contexts.

® Length units arecan <, chi X, bu %, zhang and li Z: 1li = 180zhang
1 zhang= 10chi, 1bu=6chi, 1chi=10cun There is also a specific unitéi # (&)
used only for circumferences according to Peng 2&01): 1wéi= 3chi (i.e.= = chi,
the circumference of a circle with diametectt). Surface area units can b wx and
ging ‘& (1ging= 100m), or are derived from length units and contexjualtderstood
as referring to surfaces even though there is egiapindication equivalent to English
“square”. Capacity units arsheng 4, dou %+ and shi & ® (1shi = 10dsu,
1 dou = 10sheng). The only volume unit in thBuan Shu Shis chi’ X; it is derived from
the length unitchi X and occurs without any special indication equintk® “cubic”.
Weight units arezhi % (4%), ligng #, jm /i, janv 45 and shi &2: 1shi=v4jan,
1jan =30jm, 1jin = 16liang, 1lidng = 24zh.
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integer, as well as lexicalized fraction names maothodimensional unit fraction
expressions.

Mass nounssu 52 [unhusked millet], mi 2k [husked millet], bai ¥
[milled millet]'®, shu /K [water], of Z2(&) [lacquer],jin 4= [gold], guing /i
[width], zong#t [length], etc. occur in “Noun ®uUM + MW” sequences, whereas
rén A\ [person] and nouns for countable items lik&ng & /& [bamboo tube],
jian f [bamboo strip]suan (L) [string of coins}’, etc. all fit into the pattern
“NUM + Noun” in the same manner as measure word$ie wordgian ¥ is
used as a currency unit; it occurs eitherniwM + Mw” or in “Noun + NUM”.
The numeral 1 is not always stated before a meagone; this is marked with
right before the measure woetl in (9), (42), and (43), andéiin (69).

Fraction expressions are built from the names ef mlnmerator and
denominator, which are integers. Chinese namegtegers belong to a decimal
numeration. The digits argr — {1} **, ér — {2} ™, san = {3}, si U {4},
wii Fi. {5}, liu 7~ {6}, gr £ {7}, ba J\ {8}, jizi /L {9}. In the Suan Shu Shthe
series of pivots is limited tehi -+ {10}, bai & {10%, gian T {10% and
wan & {10%; the largest number being 10,000,000 expressegi@syan i.e.
{10%{10%, on strip 11.

| use the notation{umbe} with a number written in Arabic numerals
between braces to represent the numerical morphehieh expresses the
bracketed number in a particular language. Foairts#t the same notation {10}
can represent the woreén in English and the morphenshi in Chinese. The
notation {10} representsvan in Chinese, but would not occur for Engligmn
thousangwhich is represented as {10}{}jcand stands for the succession of the
mono-morphemic itemi&n {10} and thousand{103}.

In the Suan Shu Sh the morphemd1} is used before all pivots in a
number name but the highest one. This is visuahgithl a shadeg: — {1} in
examples (1), (2), (4), (6), and a shadenh (3), (5), (6), (7). The sequences
{digit{ pivot} and {smallerpivoty larger pivot} express products, they are
concatenated directly. These concatenations expuess.

The conjunctioryouwas used in the Western Zhou inscriptions on @onz
vessels to join the tens and units places, and tsoe also the hundreds and
tens, but in th&uan Shu Shit occurs only in expressions of mixed numbers to

°| refer to Dauben (2008: 169-170) for the Englistmes of crops and their byproducts
in theSuan shu sh

%1n theSuan Shu Shas in theNine ChaptergJiiz Zhang Suan Shifl & 54#7], bai ¥
refers to milled millet, not to a particular vayietf millet.

" The wordsuanZ (%) refers either to a string of coins (Cullen 2029) or to a Han
dynasty unit of taxation (Chemla & Guo Shuchun 2(I8D).

2 In Chinese the distinction between mass and cbletaouns is semantic, not
grammatical.

13 According to the rules gfimyin transcription, the digit {1} is always romanized ya
with a first tone mark regardless of the actualeton Contemporary Chinese. This
depends on the tone of the following syllable; faxample {1}{10%} is actually
pronounced/i wan, but this is only noted in publications concermeth pronunciation.
“The Contemporary Chinese varididing iy was hardly used in exact number names
before the 20th century CE and the dagit— is the only numeral for 2 in th@uan shu
shi.
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link an integer and a fraction as in (7) and irée patterft. The termling % is
not encountered anywhere in the corpus and wasused in integer names
before the 12 century CE®.

Additionally, to write tens, the copyists of tl&an Shu Shcould use
ligatures instead of the corresponding two-chardotens. The numbers 50, 60,
80 and 90 were either written with two separateattars, or as ligatures of the
characters for 5, 6, 8 or 9 written in a reducee sibove the character for 10; |
always transcribe these with the two-character $omih shi #.1-, liu shi /51,
ba shi J\-t andjis shi /L respectively. But 20, 30, 40 and 70 were always
written 1, Jit, it and=|=17 respectively. Conforming to the current scholarly
usage, | transcribe them with their actual writterms followed by the two-
character forms in parenthesésshitf (=), san shijtt(=1), si shiffr(/4-1)
andqgr sh|'=|=(’b+) respectively; th@myin romanization and glosses are those of
the disyllabic compound$ see for example the expressions with 20 in (4) an

(6).

(1) —H —t
in Suan Shu $h  ér hui yi shi
strip 172 {24103 {1}{10}
210’
2) SE S
in Suan ShuSh  érqgian  yishi lid
strip 20 {2410% f{a{10} {6}
‘2016’
(3) £ T fi+
in Suan Shu $h  qian @bdi wii shi
strip 76 gian 2{10%} {5}{10}
‘150 gian
(4) T —H THE=h
in Suan Shu Sh  gr gian yi bai er shi jit
strip 176 {7H{10®} {1{107% {2}{10} {9}
‘7129’

5 When a measure word separates the integer anétation, the itemyou can be
present as in (7) or absent as in (18). When tiser® measure word, the iteypdu is
sometimes not used as in (27) or used as in (119).

16 Readers can find more details on Chinese integees in Anicotte (2018).

" The ligature$ for 70 is also found in the Qin-Han manuscriftsi and Suan shu
mentioned above, but not in dictionaries of Mid@leinese.

18 Modern dictionaries give the pronunciatiamian for 11, sa for Jtt, andxi for {iif, but
other ligatures for tens are never mentioned,; jtissifies the present usage of glossing
all of these ligatures as dissyllabic compounds. kyme nothing about the actual
pronunciation of tens during the Qin-Han periods timatter is beyond the scope of the
present paper.
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(5) T I\ Ju
in Suan Shu $h  2qian  ba shi Jii
strip 172 2{10% {8{10} {9}
1089’
(6) g —T SiE] =ty #%k
in Suan Shu Sh  @wan  yi gian Wiz bdi er shi b
strip 47 2{10%} {1H10°% {5H{10% {2}{10} zhi
‘11520zh7’
(7) RN OAC) TN\ IN
in Suan Shu $h  @shi liu chi you shi b fen ch’
strip 55 2{10{6} ch’ and {10H8} fen ch’

‘16 chi and 12/1&h'*°

o+
ashi er
2{10K2}

The mixed number 16 12/18 in (7) is inserted with measure wordh.
The integer and the fraction are dealt with as imdependent quantification
phrases which are concatenated widlu here or juxtaposed in other instances.
The measure wordhi occurs first with the integer and is inserted agaithin
the expression for the fraction 12/18. This is gutar pattern in th&uan Shu
Shi*°, even the noungan fj [bamboo strip and suan5% (%) [string of coing
in (55) and (57) respectively, appear first aftex hame of the integer and then
again with the proper fraction aftén. There are only a few exceptions: 3 can
be seen in (28)—(30) with a measure word stateg aftér the integer, and there
is also (76) with the nouhitang J& f [bamboo tube] placed in the measure
word position in the integer expression but noteedpd aftefen. On the other
hand, (31) is a unique case of over-repetitionhwlte measure worllu also
found after the denominator’'s name and therefopeafing three times.

3. GENERIC UNIT FRACTION EXPRESSIONS

3-1. Monodimensional unit fraction expressions

In the Suan Shu Shas in other Qin-Han texts of mathematics, the oiad
names for unit fractions dAverenfén. They stated only the denominatobut
not the numerator 1 and were therefore monodimaakimumerical expressions.
Nothing could be inserted between the two constitie andfen; that is, the

19 English would simply write 16 12/1¢hi and say “sixteen and twelve-eighteenths of a
chi’”. My translations are meant to highlight the réten of the measure words and the
presence of linking terms in the original.

% This repetition shows that the integer and thetiba were dealt with independently;
this has nothing to do with “echo” constructionsieth occur inone quantification
phrase “Noun + Num + Noun” (e.giang hii giang ¢ 7 3 [Qiang hundred Qiang] i.e.
‘one hundred Qiang people’ on bone inscription H&20
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nfen compounds were inseparable semantic units. Measords followed
nfen just as they followed integers. In other wordsestn féen unit fraction
designations were numerals in their own right.

The itemféen in nfén can be considered syntactically neutralized and
fossilized through its involvement in a word-formoat process. It was used on
occasion in the corpus as a noungart or fraction, in which cases it could be
readfén with a falling tone regardless of the modern regdén. It was also
used as a verb meanitg share(which should be read &&n); but considering
fen in the compounds fén synchronically, it seems pointless to try andriotet
it as a noun or as a verb. From a semantic pointest, the question would be
whetherfen referred more to the action of partitioning or mdéo the result (the
parts) of this action. This might be interestingaim attempt to reconstruct the
emergence of the expressionsnfen, but again this seems irrelevant
synchronically.

In the Suan Shu Sh there are 83 instances (not all different) of
monodimensional expressions oh ldnit fractions. Among them, 76 do not
involve a measure word, while 8 instances do. Tha3tances without measure
words are:

— san fen for 1/3 (16 instances, on strips 3, 5, 6, 24,138,
168, 169, 170, 171, 172, 174, 176 and 179);

— si fn for 1/4 (15 instances, on strips 3, 5, 6, 9, 14,159,
171,172,174, 176 and 179);

— wii fen for 1/5 (14 instances, on strips 5, 6, 8, 9, 14),1
171,172,174, 176 and 179);

— liu fen for 1/6 (10 instances, on strips 9, 10, 171, 172,
176 and 179);

— qr fen for 1/7 (9 instances, on strips 5, 9, 10, 172, 174
and 179);

— ba fen for 1/8 (5 instances, on strips 10, 174, 176 ar@);1
— jiu fen for 1/9 (2 instances, on strips 176 and 177);

— shi &n for 1/10 (2 instances, on strips 179 and 180);

— badi fen for 1/100 (2 instances, on strips 14 and 16).

The 8 instances of expressions for unit fractiasibbdved by a measure
word are:

— san fen cunfor 1/3 cunon strip 2;
— ba fen cunfor 1/8cunon strip 2;

— si fzn cunfor 1/4cunon strip 4;

— wiz fen cunfor 1/5cunon strip 4;

— liu fen cunfor 1/6cunon strip 4;

— liu shi &n ch for 1/60chi on strip 4;
— jiu fen zhi for 1/9 zhi on strip 29.

3-2. Bidimensional expressions of unit fractions

The numerator’'s name {1} is not compulsory and ssially omitted when the
fraction comes as a factor in a multiplication: dhe right afterfen in (8) with
no measure word, and after the measure wordn (9).
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(8) oo I Wore  +N7 —
inSuan ShuSh sifneg  chéng sidne  shiliu &n Vi
strip 9 {4}fene multiply {4} fene {106} fen {1}

‘1/4 times 1/4 are 1/16’

9) Hay e R 2N
in Suan Shu $h  wifen cune chéng 2ch
strip 4 {5}fen cunz multiply @ch’

‘1/5 cuntimes [onekhi are

nts R -
wi shi £n chh yi ye
{5H{10} fen ch™ {1} DECL
1/50 [squarejh’?*

But {1} is not omitted (yielding bidimensional numeal expressions)
when stating the result of multiplications involgin fen unit fraction names or
lexicalized names for 1/2 and 1/3. Examples casdem in (8) and (9) above for
the former situation, and in (117) and (122) froeciS5 for the latter one. We
can analyze the combination ofén and {1} as a predicative clause with the
monodimensional name of the unit fraction actingh&ssubject and the number
name {1} acting as the predicate. There are 4@irsts (not all different) of
these bidimensional expressions of unit fractiontheSuan Shu Sh They are
distributed among the following patterns (the catgg; includes no instances,
but is known to exist in at least one other Qin-lt=ut):

(a0): “Denominator +fen + {1}": 24 instances presented in
Sect 3-2-1

(by): “Denominator +Hén + Mw + {1}": 11 instances in Sect
3-2-2.

(c): “Denominator +fen + zhi + {1}": no instances (Sect
3-2-3).

(dy): “Denominator Hen + Mw + zh + {1}": 11 instances in
Sect 3-2-4.

[Wenwu 2001] — and then Peng Hao (200Qkawa et al. (2006), Hu
Yitao (2006) — considered thatvav was omitted betweeian and the numerator
in some instances of the categon) @nd added thew which was implied by
the context. Yang Lingrong (2008: 17-19) alreadyuad that such additions
were unnecessary; | can only emphasize that thest baurejected in the study
of the actual expressions of fractions in the csrpu

3-2-1. “Denominator +fen + {1}"
The 24 instances are:
— san fen yi for 1/3 (1 instance, on strip 3);

ZThis is the calculation of a surface. It also githes conversion 1/6un = 1/50chi for
length units (given that din= 1/10chi); the conversion is expressed as a product.



— si fen yi for 1/4 (3 instances, on strips 3, 4 and 8);
— wii fen yi for 1/5 (1 instance, on strip 5);

— liu fen yi for 1/6 (2 instances, on strips 3 and 8);

— ba fen yi for 1/8 (1 instance, on strip 5);

— jiu fen yi for 1/9 (2 instances, on strips 3 and 8);

— shi &n yi for 1/10 (1 instance, on strip 5);

— shi er &n yi for 1/12 (1 instance, on strip 5);

— shi wi fen yi for 1/15 (1 instance, on strip 6);

— shi lio &n yr for 1/16 (2 instances, on strip 5 and 9);
— er shi &n yr for 1/20 (2 instances, on strip 6 and 9);
— er shi wi fen yr for 1/25 (2 instances, on strips 6 and 8-9);
— san shi &n yi for 1/30 (1 instance, on strip 9);

— san shi liu &n yi for 1/36 (1 instance, on strip 9);

— si shi érén yi for 1/42 (1 instance, on strip 10);

— si shi jiz fen yi for 1/49 (1 instance, on strip 9);

— waui shi &n yi for 1/50 (1 instance, on strip 10).

3-2-2. “Denominator +fen + Mmw + {1}"
The 11 instances are given in (10)—(20):

(10) +5 Roo—

in Suan Shu $h  shi &n ch’ yi

strip 1 {10}fen ch™ {1}
‘1/10ch’

(11) T=EHDer R —

in Suan Shu Sh  ér shi én ch’ yi

strip 1 {2}{10} fen ch' {1}
‘1/20ch’”’

(12) MEHT R —

inSuan Shu Sh  sanshién ch yi

strip 2 {3H10} fen ch™ {1}
‘1/30ch”’

(13) J\+7 R —

in Suan Shu Sh  ba shi &n ch’ yi

strip 2 {8H{10} fen ch' {1}
‘1/80ch”’

(14) Ny R —

inSuan Shu sh  bafen ch yr

strip 4 {8}fen ch {1}

‘1/8ch’
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(15) () R —

in Suan Shu $h  si shién chi yr

strip 4 {4K10}fen ch' {1}
‘1/40ch”’

(16) its R -

in Suan Shu Sh  wi shi &n ch’ yi

strip 4 {5K{10} fen ch' {1}
‘1/50chi”’

(17) s B —

inSuan ShuSh sifn bu y

strips 86-87 {4¥en bu {1}
‘1/4 bu

The following instances are inserted in mixed nursbe

(18) — ¥ hy 8 —
inSuanShush yr gidn wifen qian y
strip 33 {1} qian {5} fen qian {1}

‘1 gian 1/5qian
(19) + o t+= Y N
inSuan ShuS$h  shi  jn shier ling shi jii zhi
strip 79 {10} jm {10H{2} liagng {10H9} zhi

10 jm 12liang 19zhi

o REN) —

wi fen  zhi yi

{5} fen zhi {1}

1/5zh7’
(20) + 3} =» Tt -
inSuan ShusSh g dou sanfen skeng v
strip 119 {7} dou {3} fen steng {1}

‘7 dou 1/3skeng

3-2-3. “Denominator +fen + zhr + {1}"

In the wholeSuan Shu Sh there are no instances of the sequefi@goeziv
uninterrupted by a measure word before {1}. Thisealre does not prove the
pattern to be impossible; actually there is anaimst of it with the expression
san shi &n zt yi HH(=1+) 22— {3{10} fén zh {1} on strip 0778 ofShu
(Xiao Can 2010: 51).
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3-2-4. “Denominator +fen + Mw + zhr + {1}’
The 11 instances of this pattern are given in (&5 All are quantification
phrases starting with a noun.

(21) o Har o Tk z —

in Suan Shu $h  bai wi fen  skeng zh yr

strip 100 milled millet {5}en skeng zh {1}
“1/5 sheng of milled millet’

(22) Rk s It z -

in Suan Shu Sh  bai my si en steng zh yr

strips 101-102 milled millet {4fen skeng zhh {1}

4 instances ‘1/4heng of milled millet’

(23) E{CR S W It z -

in Suan Shu $h  hu'm/ sien skeng zh yi

strips 102, 104 polished millet {4¥n skeng zh {1}

2 instances ‘1/4heng of polished millet’

(24) B (58%) s gt z -

in Suan Shu Sh  hu/ sien skeng zhh yr

strip 103 polished millet {4jéen skeng zhh {1}

2 instances ‘1/4heng of polished millet”

(25) IS N Tt Wi Jt z —

in Suan Shu Sh  m/ lit  skeng sién steng zh yr

strip 121 husked millet {6} skeng {4} fen skeng zh {1}
‘6 sheng 1/4 skeng of husked millet’

(26) 1E (46%) woNy 2 —

inSuanShusSh zong y bu liufen bu zh vy

strip 121 length {1} bu {6} fen bu zh {1}

‘a length of 1bu 1/6 bu

4. GENERIC EXPRESSIONS OF NON-UNIT FRACTIONS
There are 97 instances (not all different) of egpi@ns of non-unit fractions
stating both a numerator and a denominator in $i@dn Shu Sh These
bidimensional expressions of fractions are distaduamong the following
patterns:

(2): “Denominator +en + Numerator”: 11 instances, in Sect.

4-1.

(b): “Denominator +¢én + Mw + Numerator”: 43 instances,

in Sect. 4-2.

2 Beware that the Chinese name for ‘polished milketiui mi in (23) anchui in (24).
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(co): “Denominator +én + zkhv + Numerator”: 7 instances, in
Sect. 4-3.
(do): “Denominator +fen + mw + zht + Numerator”: 36
instance, in Sect. 4-4.
As above with category {a | reject the additions of siw by [Wenwu
2001] in some instances of category.(a

4-1. "Denominator +fen + Numerator” for non-unit fractions

The 11 instances arjii fen érfor 2/9 on strip 8jiu fen of for 7/9 on strip 30, on
strips 22-23 there awmgi fen erfor 2/5,liu fen san for 3/6,san fen érfor 2/3, shi
fen ba for 8/10,shi ér &n ¢ for 7/12, and finally 4 instances, all of them irted
in mixed numbers, given in (27)-(30); among them Zhinstances in (28) and
(29) come in predicative position after a mass noun

(27) + = FLtH=n  +—

in Suan Shu $Sh  shi ér g shi ér &én shiy

strip 36 {10H2} {7H10}2} fen {10K1}
12 11/72

(28) i +t =} Hy =

in Suan Shu Sh  bai g dou wifen san

strip 135 milled millet {7} dou {5} fen {3}

7 3/5dou of milled millet’

(29) U] R 7
inSuan Shush i er dou wifen ér
strip 136 husked millet {2} dou {5} fen {2}

‘2 2/5dou of husked millet’

(30) wooBE@E = ~ HEhHhhor i
in Suan Shu Sh  si WeEi er cun ershidfen shi si
strip 154 {4} wéi {2} cun {2H10}5} fen {10}4}

‘4 wéi 2 14/25cun’

4-2. “Denominator +fen + Mw + Numerator” for non-unit fractions
The 43 instances are given in (31)—(72) along \hth preceding integer when
there is one. Of these 2 are identical and 11viodaoun.

(31) T 100
in Suan Shu $h  shiy bu you
strip 84 {10H1} bu and

‘11 buand



(32)
in Suan Shu Sh
strip 23

(33)
in Suan Shu S$h
strips 23-24

(34)
in Suan Shu Sh
strip 28

(35)
in Suan Shu S$h
strip 28

(36)
in Suan Shu Sh
strip 28

(37)
in Suan Shu Sh
strip 30

13

At N G DY I
jiu shi g fen bu d shi jiz bu
{9107} fen bu {7H10H9} bu
79/9u

- B ANt ¥ ntt
er qgian liushién gidn wishiq
{2} qgi&n {6}{10} fen qian {5H10K7}
‘2 gian 57/60gian

- #B MEHr B+t
yi gian sinshién gian shiq
{1} qgian {310} fen qian {10}7}
‘1 gidn 17/30qian

&= KE) v KRG K
jm  sn zhi jifen  zhi Wil
gold {3} zhi {9} fen zhi {5}
‘3 zhi 5/9 zhi of gold’

RV N €73 BIVAN

gifen  zhi lia

{7}fen zhi {6}

‘6/7 zht'

& = RER

jm ér zhm

gold {2} zhi

2 zhi
ANt =4 RGEK) (Y)Y
liushi gn fen zhi si shi si
{6H{10}3} fen zhi {4}{10}{4}
44/63zhi of gold’

ANt =41 KER) HCEH=
liu shiginfen  zhi er shi er
{6H{10}3} fen zhi {2{10}2}
‘22163 zhi7’

% The third occurrence dft is superfluous and likely a copyist's mistakestbhanges
nothing about the classification of this fraction.
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(38)

in Suan Shu S$h
strip 33

(39)
in Suan Shu Sh
strip 40

(40)
in Suan Shu S$h
strips 40-41

(41)
in Suan Shu Sh
strip 41

(42)
in Suan Shu S$h
strip 41

(43)
in Suan Shu Sh
strip 41

(44)
in Suan Shu S$h
strip 48

(45)
in Suan Shu Sh
strip 50

S - S I

wii fen  qgian  si

{5}fen qgian {4}

‘4/5 gian

— 5 AN Tt=h S MER)N
yi  cun liu shi érdn cun &n shila
{1} cun {64102} fen cun {3}{10}8}

‘1 cun38/62cun

= ~F ANt=h S Y

san cun lit shi érdn cun shi si

{3} cun {6H{10}2} fen cun {10}4}

‘3 cun14/62cun

VAV AN, e ¥ R i e B VAN
lic  cun liu shiérén cun ershib

{6} cun {64102} fen cun {2}{10}8}

‘6 cun28/62cun

o =~ ANtZh R I e RVAN
ochi ér cun litshiérdn cun w shi li
ochi {2} cun {6}{10}2} fen cun {5H10}6}
‘[one] chi 2 cun56/62curt

o T~ ANt=a SN T
ochi wiz cun liu shi érdn cun w shi
ochi {5} cun {6}{1042} fen cun {510}

‘lone] chi’ 5 cun50/62cun

= = 9 - 5 A
er ddwu sin skeng shiy fen shkeng ba
{2} dou {3} sheng {101} fen sheng {8}
‘2 dou 3sheng 8/11sheng

— WMt RER)
yi  liang shi  zh
{1} liang {10} zhi

‘1 liang 10zha

(YA Y KEK) Lt
bai si shi sidn zhi jizi shi ér
{10H4H10H4} fen zhi {9H10K2}

92/144hr



(46)
in Suan Shu S$h
strip 57

(47)
in Suan Shu Sh
strip 59

(48)
in Suan Shu S$h
strip 59

(49)
in Suan Shu S$h
strips 61-62

(50)
in Suan Shu S$h
strip 62

(51)
in Suan Shu Sh
strip 64

(52)
in Suan Shu S$h
strip 66

(53)
in Suan Shu S$h
strips 66-67

(54)
in Suan Shu S$h
strip 68

~ B

E‘_

yi  qidn hii y7 shi si én
{1} qian {10%{1}{10}{4} fen qian {7}10}{1}

s

S

B F(bt)—

gian dshiy

‘1 gian 71/114qgian

GRS S

si shi én dou  wu

{4}{10} fen dou {5}

‘5/40dou’

m g N\ B =
si gian lafen qian @n
{4} qian {8} fen qian {3}
‘4 gian 3/8qgian
e
ba cun shiyfen cun ér

{8} cun {10K1} fen cun {2}

‘8 cun2/11cun

+ N\ w7 ®
shi ki gian shiyfen gian jiz
{10K8} qian {10{1} fen gian {9}
‘18 gian 9/11qian

tCEhHEs 8 HEHY

er shi wi fen gidn er shisi
{2{10}5} fen qian {2}{10}4}
‘24/25qian

RE) MEHEs T HET)
qr san shi g fen skeng  sin shi
lacquer {3{10K7}fen skeng {3}{10}

‘30/37sheng of lacquer’

K = Jt mEHLr It
shu  er skeng <in shidfen skeng
water {2} slkeng {3H10K7} fen skeng
‘2 shkeng 7/37 sheng of water’

t 2 mEHtEr B H(EhH=
g¢ bu ginshiqfen bu érshién

{7} by {3{10{7} fen bu {2}{10}3}

‘7 bu 23/37bu

-t

q
{7}

15



16

The noungidn & [bamboo strip andsuanZ(#) [string of coing occur
after fen in (55)-(57), and also after the name of the ieteg (55) and (57).
They behave in the same manner as measure words.

(55) “HA (TN N i I
in Suan Shu $h  ér hdi wii jlan  bafen jian o
strip 70 {2410%{5} strip {8} fen strip {7}
‘205 strips and 7/8 of a strip’
(56) A S
in Suan ShuSh  bafen jian v
strip 71 {8}fen strip {1}
‘1/8 of 1 strip’
(57) +t F(H)
in Suan Shu $h  shiq suan
strip 73 {107} string of coins
‘17 strings of coins
ZHANTI 5 () +—
er ki lia shi jiz fen  suan shiy
{6}{10}{9} fen string of coins {10}{1}
11/69 of a string of coins’
(58) H= ® WatET)s ®Ot
in Suan Shu $h  bdi san gian si ldi san shi én gian jiz shi
strip 76 {16{3} qian {4}{102{3H10} fen gian {9}10}
‘103 gian 90/430qgian’
(59) Ko = Uy F =
inSuan ShusSh shu sin dou sifen  stkeng sin
strips 80-81 water {3} dou {4} fen steng {3}
‘3 dou 3/4sheng of water’
(60) +— *F A(X)
in Suan Shu $h  shiy bu you
strip 84 {10H{1} bu and

‘11 bu

% peng Hao (2001: 76 note 10), Hu Yitao (2006: 41 @kawa T. et al. (2006: 93)
consider, for the sake of computational coheretiwa,dou 3} as found in the text is
actually a copyist's error fosheng F+ assuming the text means ‘3 and 3kng of
water’; this correction changes nothing for ousssléication.



(61)
in Suan Shu Sh
strip 85

(62)
in Suan Shu S$h
strip 92

(63)
in Suan Shu S$h
strip 96

(64)
in Suan Shu Sh
strip 103

(65)
in Suan Shu S$h
strip 113

(66)
in Suan Shu Sh
strip 115

(67)
in Suan Shu S$h
strip 115

At % HEH

jiz shi g fen bu q shijii
{9107} fen bu {7H10H9}
79/9bu

S S

shi y fen bu wi

{101} fen bu {5}

‘5/11bu

+— & AX)

shiy bu you

{101} bu and

‘11 bu

L\ & A&

jiu shi li fen bu sishig
{9K10K8} fen bu {4H10}7}
47/98u

¥ hn B =

jl bu wifen bu san

{9} bu {5} fen bu {3}

‘9 bu 3/5bu

e mEH=a Tt L
bai sin shi ér én skeng i
milled millet {34{10K2} fen skeng {9}
‘9/32 sheng of milled millet’

S It N

my g fen skeng lid
husked millet {7}¢en stkeng {6}

‘6/7 sheng of husked millet’

5 T N

su gfen skeng liu
unhusked millet {7fen skeng {6}
‘6/7 sheng of unhusked millet’

* ST L =7
my yi  skeng gfen  stkeng

husked millet {1} skeng {7} fen skeng
‘1 sheng 3/7 skeng of husked millet’

sIn

{3}

17
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(68)

in Suan Shu S$h
strip 149

(69)
in Suan Shu S$h
strip 153

(70)

in Suan Shu Sh
strips 153, 154
2 instances

(71)
in Suan Shu Sh
strips 171-17%

—Thth R

er gian wi shi wi chi
{2{10°{BH10K5}  chi

‘2055chi

mEH Ny R H(E)
sanshiliuén  ch’ ershi

{3106} fen ch' {2}{10}

20/36chi”’

cE(E) — ~F HCEhHEe
2 Wei er cun ér shiwfen cun
2 Weli {2} cun {24105} fen cun
‘lone] wéi 2 14/25curn *°

t N hmr P =

g7 cun wifen cun &n

{7} cun {5} fen cun {3}
“tun3/5cun

e it & A

zong  jushiq bu you

length {9107} bu and

‘a length of 97bu and 141/14Du

ER(RE DR £ FEmE+)—
kii si shi g fen bu @bdi si shi
{LOH4K10H7} fen bu [ {L0°H4N10K1}

% The termwéiis a unit of length used for circumferences; sioshppeared in (30). The
shaded signals the absence of the number name {1} beaf@aneasure wordiéi, this

also occurs in (9), (42) and (43) befate.

% Strip 171 is followed by strip 173. [Wenwu 200TjdaPeng Hao (2001: 117) initially
had the sequence 171-172-173, but Peng Hao hadjethahis to 171-173-172 in the
last release of the digital corpus he sent me ¥026iu Yitao (2006: 80, 82 note 14) and

Okawa T. et al. (2006: 1, 7 note 12) all have 173:17

27 0n this strip | note an unclear written métk ? ethliooks likew: 7i {5}. But this
would give a numerator equal to 541, which seemnlikely since it would yield an
improper fraction. For the sake of coherence, thmarator should be 141. Peng Hao
(2001: 121 note 39) says the digit 11. {5} should be corrected tgi — {1}, while Hu
Yitao (2006: 82 note 14) ardkawa T. et al. (2006: 93) say it is superfluousisTater
formulation is in my view more acceptable since {#&s never used before the highest
pivot of a number name in tf&uan Shu Sh In any case this instance is undoubtedly an
example of the pattern “Denominator’'s nafae + MW + Numerator's name” whatever

the value of the numerator.

+ 4
shi si

{10H4}
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(72) Ji th 2 omED) - B 4
in Suan Shu $h  fang shiwi  bu gin shiyfen bu shiw
strip 185 side {1045} bu {3}10}1} fen bu {10K5}

‘a side of 1%u 15/31bu (the length of the side)

4-3. "Denominator +fen + zhr + Numerator” for non-unit fractions

The 7 instances are given in (73)—(79). Among thénfipllow a noun and 1
follows a “Verb +0BJ sequence. The numerical expressions in (73) &byl (
are 2 of the only 4 instances of expressions atifvas withzhy which are not in
predicative position after a noun or a phrasepther 2 instances being those in
(81) and (82) of the next section.

(73) R WAV x Z HATZ

in Suan Shu $h  ér gian ¥ shi lit &n zit bai liu shi ér

strip 20 {2H10°{1}{106} fen zH {10%46}{10}2}
‘162/2016’

In (74), the expression for the fraction occuremthe pronoun objeaiv
of the verbyue. The fraction is in the position of predicate wittgard to the
phraseyue zH; it expresses the result of a reduction.

(74) ) Zz A"t Z
in Suan Shu Sh  yue zhk bdi yi shi er én zh i
strip 20 reduce @J {10°{1{10}{2} fen zir {9}

‘reduce it [referring to 162/2016], [it is] 9/112

In (75) the fraction is the object of a verb.

(75) % % MEHr 2 HED=
in Suan Shu Sh  gé shou &nshién zit ershign
strip 26 each get {3H10¥en zh {2H{10}3}

‘each gets 23/30’

(76) += i JE mr  z =

in Suan Shu Sh  shign  latang sidn zhh san

strips 129-130 {1043} bamboo tube {4¥en zhr {3}
‘13 bamboo tubes 3/4’

(77) BEE) v oz
in Suan Shu $h  tu jlufen  zh wi
strip 82 lard {9}en zht {5}

‘5/9 of lard®®

% The weigh unifin which can be deduced from the context is omitfest &n. For our
classification we only need to acknowledge thisabs.
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(78) B % 2z I
in Suan Shu $h  tian qgfen zhh si
strip 162 field {7}fen zh {4}

‘a field of 4/7%°

(79) wE) HEH)—m 2 N
in Suan Shu $Sh  zdong er shiyfen zlr  shiliu
strip 162 length {2}{10}{1} fen zht {10}{6}

‘a length is 16/2F*

4-4. “Denominator +fen + Mw + zhr + Numerator” for non-unit fractions

The 36 instances are given in (80)—(115) togethign the preceding integer
when the fraction is inserted in a mixed numberteNbat in (81) and (82), the
numerical expressions are objects of a verb, wiva$ already the case with (75)
in the previous section. The status of (115) irs thmatter is unclear because
some characters are illegible. In all of the otB8&rinstances the numerical
expression is inserted in a predicative clause tlamdubject is a mass noun.

(80) & B KRG 2 =
inSuan Shu$h jin  gfen  zhi zhh sn
strip 30 gold {7} fen zhi zbh {3}

‘3/7 zhi of gold’
(81)* R# Z ot ROAEN
in Suan Shu $Sh  zhingzl¥ shou shiliu ch you
strip 55 elder get {10{6} ch/ and

‘the elder gets 16h/ and

+ )\ R 2z +=

shi la fen chh zh shier
{108} fen ch' zh {10K2}
12/1&h’”

% The character on the strip looks more ke~ {1} than g7 -t {7}; but linguistic and
conceptual coherence require us to chwsds {7} to have a proper fraction. Peng Hao
(2001: 115 note 5), Hu Yitao (2006: 79) aB#tawa T. et al. (2006: 20 note 4) all
discussed this point. Anyway, it is of no conseaqueefor our classification.

%0 This takes place in the calculation of one sida ofctangle when the other side and
the surface are known. The textual coherence impliat a surface in squabé should

be understood, even though the measure word isstaied. We only need to
acknowledge this absence for our classification.

3L As for the instance in (78), we only need to ackedge the absence of a measure
word to classify the expression.

32 The fraction in (81) was already stated in (7)hafawn from its insertion context.



(82) o 2 0 ROAX

in Suan Shu $h  shaozld shou k@ chi you

strip 55 younger get {8} chi and
‘the younger gets & and

I\ Rz A

shi a fen chh zh liu
{1048} fen ch™ zhr {6}

6/18&hi”’
(83) o +9r It Zz =
in Suan Shu $h  bai shitn  skeng zh san
strip 98 milled millet {10}fen skeng zh {3}

‘3/10 skeng of milled millet’

(84) 7S +To It Zz Iy
inSuan ShusSh m/ shi wi fen steng zh si
strip 98 husked millet {10}{5}fen skeng zh {4}

‘4/15 sheng of husked millet’

(85) 5 tCEhH)esr T z +
in Suan Shu $h  su er shi gfen steng zh  shi
strip 99 unhusked millet {2H{10}{7}fen skeng zh {10}

10/27 sheng of unhusked millet’

(86) ZS ur gt Zz =
inSuan ShusSh m/ jiifen skeng zh er
strip 99 husked millet {9Fen skeng zh {2}

‘2/9 sheng of husked millet’

(87) () L (L Sk iy z N
in Suan Shu Sh  hu/ si shi wi fen steng zhh ba
strip 100 polished millet {4}{10K5}fen skeng zh {8}

‘8/45 skeng of polished millet’

(88) S
in Suan Shu $h  su
strip 101 unhusked millet

‘25/54 sheng of unhusked millet’

F. APy T+ Zz HEHH
wi shi sién steng zh  er shiwi
{5K10}{4} fen steng zhh {2}{10}5}
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(89)

in Suan Shu S$h
strip 101

(90)
in Suan Shu Sh
strip 102

(91)
in Suan Shu S$h
strip 102

(92)
in Suan Shu S$h
strips 102-103

(93)
in Suan Shu S$h
strip 103

(94)
in Suan Shu Sh
strip 104

(95)
in Suan Shu Sh
strip 105

S RWAY It Z T
my shi i fen steng  zh wwi
husked millet {10}8}en skeng zh {5}
‘5/18 skeng of husked millet’

mEk Ay 2 =
hui mi jiifen skeng zh er

polished millet {9féen skeng zhh {2}
‘2/9 sheng of polished millet’

E R R A
mai shi erén steng  zhh  wi
wheat {10H{2}en skeng zh {5}

‘5/12 skeng of wheat’
* trn A 2 &
mi shi liu £n steng  zhh wi

husked millet {10}{6fen stkeng zh {5}
‘6/16 sheng of husked millet’

% MEbHTs A 2 tE
mai sin shi er én steng zh  shiwi
wheat {3H10H2}fen skeng zh {10K5}
15/32sheng of wheat’

5
su
unhusked millet
‘25/48sheng of unhusked millet’

LI VAN i z =R
si shi la fen steng zh  er shiwi
{4H{10}8} fen steng zhh {2}{10}5}

5
su
unhusked millet
‘500/789sheng of unhusked millet’

R EPA Wiy Tt Z ThH
g bai ba shi jii fen skeng  zl  waii bdi
{7H10%{8H10H9} fen shkeng zh {5}{10%



(96)
in Suan Shu S$h
strips 105-106

23

# —
su y  skeng

unhusked millet {1}sheng

‘1 sheng

—HANT=ER Z ZEMEMTt
er hii liu shi sin fen zhr  erbdi san shi q
{2H{10°{6H1013} fen =z {2}{10 *{3H10}7}

237/263heng of unhusked millet’

(97) 3 — 3} o Jt
in Suan Shu $h  su y dou jiz sheng
strip 106 unhusked millet {1} dsu {9} sheng
‘1 dou 9 sheng
B —EaANt=R It z =
you er ki lid shi gin fen skeng zhW san
and {2H10°H6H{10H3} fen skeng zh {3}
and 3/263heng of unhusked millet’
(98) 2 T 3 HX)
in Suan Shu $h  su shi jii dou you
strip 106 unhusked millet {1049} dou and
‘19 dou and
CEATES oz MED
er hdi lid shi gin fen steng zhh  san shi
{2410%{6}{1043} fen skeng zh {3}{10}
30/263%heng of unhusked millet’
(99) D
in Suan Shu $h  su
strip 107 unhusked millet
100/171sheng of unhusked millet’
HHCEH) 4 S
bdi g7 shi y fen skeng zh  bdi
{1CH7H{10}{1} fen skeng zh {10%
(100) 5 — Jt HX)
in Suan Shu $h  su y sheng you
strip 107 unhusked millet {1} skeng and

‘1 shengand
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SE TS 2 CHHEDH
er ki ba shi wi fen steng zh  eér hii g7 shiwi
{2{10%{8H10}{5} fen skeng zh {2}{10 *}{7}{10}5}
275/285heng of unhusked millet’

(101) 5 +t Tt ()
in Suan Shu Sh  su shi q sheng  you
strip 108 unhusked millet {107} sheng and
17 sheng and
ANt It Z Hht
er ki ba shi wi fen skeng  zh  bai wi shi

{2H{10%{8{10}5} fen steng zh {10°{5}10}
150/28%heng of unhusked millet’

(102) P +t }oAHm S
in Suan Shu Sh  su shi q dou wi  sheng
strip 106 unhusked millet {107} dou {5} skeng
17 dou 5 sheng
BHX) —E/)NTEY Vil Z #afcEhHa
you er ki ba shi wi fen steng  zh  bdi ér shiwi

and {2H{10°{8H10H5} fen sheng zh {10%}{2}{10}{5}
and 125/28Sheng of unhusked millet’

(103) PN (L o VA )

inSuan ShuSh m/ si shi liu shi

strip 146 husked millet {4}{10K6} shi
‘46 shi

tTCeEHtEsr A 2 N
er shi g fen shi zh ba
{2{10{7} fen shi zh {8}
8/27shiof husked millet’

(104) [ Ny B2 N
inSuan ShuSh guing hifen bu zh lid
strip 162 width  {8}fen bu zh {6}

‘a width of 6/8bu

(105) & tr P2z =
inSuan Shu $h gwing d¢fen bu zh sn
strip 162 width {7}{en bu zh {3}

‘a width of 3/7bu
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(106) W MWy Bz =
in Suan Shu $h  tian si&n bu zh ér
strip 162 field {4}fen bu zh {2}

‘a field of 2/4 [squarebu’

(107) weEE) amEt) B A
in Suan Shu $Sh  zong ki san shi bu you
strip 168 length {16{3410} b0 and

‘a length of 13Mmuand

L
shi y fen bu zh shi
{10K1} fen bu zh {10}

10/11bu
(108) wEy H-TH % A
in Suan Shu $Sh  zong ki yi shi wi bu you
strip 169 length {18{1410}{5} bu and

‘a length of 11%uand

=y P2 &

er shi wi fen bu zh wi
{2{10H{5} fen bu zh {5}
5/25bu
(109) TE(#e) AL A A N)
in Suan Shu $Sh  zong baii wii bu you
strip 170 length {18{5} bu and

‘a length of 10%uand

AMED)ED + oz t+h
bai san shi g fen bu zh shiwi

{1PH3H10K7} fen bu zh {10M5}

15/13bu
(110) eEe) L= B AHX)
in Suan ShuSh  zong  jushiér bu you

strips 172-18%  length {9}{10}{2} bu and
‘a length of 92bu and

33 Strip 172 is followed by strip 183, see Hu Yit@006: 82).
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TN+ A+ NE—+
gian ba shi jiz fen bu zh liu bdgi yi shi er
{10°H8H10H9} fen bu zh {6}10?{1{10}42}

612/108%U
(111) (G IANS AN B A N)
in Suan Shu $Sh  zong la shi ki bu you
strip 175 length {8}10K8} bu and

‘a length of 8&u and
—TEAaNES Az NEILERN
er gian er hii ba shi gn fen bu zh i bdi jiu shi liu
{2{10°{2H10 *H{8H10H3} bu zh {6}{10 *H9H10}6}

696/228u
(112) a6 IAN 1 B A X)
in Suan Shu $Sh  zong la shi si bu you
strips 177-178 length {8}10K4} bu and

‘a length of 84u and

LF—E s o
gr gian yr bai er shi jiz fen bu
{7H10°{1}10 3{2}{10}{9} fen bu
5764/7129u

Z hT-tEN T
zhe  wiz gian g bdi lia shi si
i {S5H{10 *{7H10 *{6H10K4}

(113) edE) )\t — » HX)
inSuan ShuS$Sh zong lashiy bu you
strips 180-181 length {8H{10H{1} bu and

‘a length of 8lbuand

TT=a/N\1+—7 &
g7 gian san ki ba shi y fen bu
{7H10%{3}{10 *{8H10K1} fen bu
68??/738MhU
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Z ANTN\H [illegible]®*
Zh it gian b bai lillegible]
2 {610 °H{8H10 3 [illegible]

(114) &
in Suan Shu Sh  guing
strip 183 width

‘a width of

+ % M@y Bz [illegible]®
gf bu sishijifen bu zh [illegible]
{7} bu {41049} fen bu zh [illegible]
7 and [illegible]/Du

(115) lillegiblef® 7~ £ AHX)
in Suan Shu Sh  [illegible]  liu shi si bu you
strip 183 [illegible]  {6}{10H4} bu and

‘lillegible] 64 buand

=AM =7 £z ZHEHELEH=
san kdi sishignfenbu  bu  zh erhbdi g7 shi gn
{3H10%{4H10}{3} fen bu zh {2}{10 *{7}{10}3}
273/343u

5. LEXICALIZED EXPRESSIONS FOR 1/2, 1/3 AND 2/3
In the Suan Shu S$h the termsban 3 [half], shioban />= [the smaller half]
and taiban K 3 [the larger halff’’ are used as exact number names in
calculations. They are lexicalized expressionshefftactions 1/2, 1/3 and 2/3;
these values are revealed in (116)-(118). Theyagpear in expressions of
mixed numbers in the ordban skioban i.e. {1/2} {1/3} for 1/2+1/3 on strip 26
in (119), or in the ordeshioban bani.e. {1/3} {1/2} for 1/3+1/2 on strip 23.
There are no other lexicalized forms for fractionthe wholeSuan Shu Siié.

The instances in (120) and (121) show that theseerals can work as
verbs in ‘NUM + OBJ' constructions with the meaning of multiplying tkelue
of the object by the numeral; this capability isigd by the names of integers.

% The tens and units digits are illegible and traibsd as ?? in the English translation.
This does not change anything to the classificatiime expression.

% The numerator is illegible and transcribed asgdible] in the English translation.

36 A noun or the upper rank digits of the integeriiegible and transcribed as [illegible]
in the English translation.

37 0Only the instance ofaiban on strip 8 is writtenk 2, the other three instances are
written Z£3. | chose the readingiiban which fits the two written forms. The reading
dabanwould be possible faik3¥ but hardly forZs .

3 |n Contemporary Chinese onjy ban—=3¥ for 1/2 remains. The ternaiban (written
Z&¥ or K3F) or daban K3 are still used on occasion today but only as apprate
numbers meaningost no longer as exact numbers.
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(116) —} e — 1,
in Suan Shu Sh  yrban chéng ¥y ban ¢
strip 3 {141/2} multiply {1} {1/2} DECL

‘1/2 times 1 is 1/2

e oE sy —
chéng ban siéh vy ye
multiply {1/2} {4} fen {1} DECL
times 1/2 is 1/4’

(117) UL g
in Suan Shu $Sh  shioban chéng sfoban
strip 8 {1/3} multiply {1/3}

‘1/3 times 1/3

iy —

jlufen y o ye

{9tfen {1} DECL

is 1/9’
(118) et I ¥ ey = #
in Suan Shu $Sh  shioban chéng taiban gjifen eéer w
strip 8 {1/3} multiply {2/3} {9} fen {2} DECL

‘1/3 times 2/3 is 2/9’

(119) oA a7 = AR
in Suan Shu $h  wi  rén en sin  you
strip 26 {5} person share {3} and

‘Five people share 3 and

oo & 2 MEDY 2 HEDE
ban  slioban ge shou &nshién zlF érshign
{172}y {1/3} each get {3K10}fen zh {2}{10}3}
1/2 1/3 [a sum of three terms], each gets 23/30

[i.e. the result of (3+1/2+1/3)+5].

(120) nJ ee e Z
in Suan Shu Sh ke ban ban zh
strip 17 can {1/2} {1/2} DBJ

‘If it can be multiplied by 1/2 [i.e. is divisiblby 2],
then multiply it by 1/2%°

% This comes from a passage about the reductioractiéns on strips 17-20.
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(121) F VIS S
inSuan Shu$h ban mi yi ban 2
strip 19 {1/2} denominator also {1/2} numerator
‘Multiply the denominator by 1/2, and
multiply the numerator by 1/2*
(122) e *» e AE 2 L'
inSuan Shu $h  ban  bu chéng ban  bu séf v
strip 8 {1/2} bu multiply {1/2} bu {4} fen {1}
‘1/2 butimes 1/2buis 1/4°
(123) SR S
inSuan Shush ér dou taiban du
strip 52 {2} dou {2/3} dou
‘2 dou 2/3dou’
(124) 5% S AT S <0 SRS
in Suan Shu $h  su shi liu du taiban du
strip 88 unhusked millet {10K6} dou {2/3} dou
‘16 dou 2/3dou of unhusked millet’
(125) K AR SN G & SEE
inSuan Shush m/ it  dou taiban adu
strip 89 husked millet {6} dou {2/3} dou
‘6 dou 2/3dou of husked millet’
(126) =4 T e -
in Suan Shu Sh  sanfen  ér chéng y
strip 3 {3}fen andthen multiply {1}
‘1/3 times 1
=4 — W
sanfen yi  ye
{3}fen {1} DECL
is 1/3’
(127) + 2 = F -
inSuanShuSh q@ du sinfen skeng w
strip 119 {7} dou {3} fen steng {1}

‘7 dou 1/3skeng

The only expressions for 1/2 in the corpus areslaimce of1} ban not

followed by any measure word, in (116), and 46ainses o ban, 12 of which
are followed by a measure word, see for exampl@)(123 are not, and a last

“° This is from the same passage on strips 17-20.
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instance on strip 1 is uncertain since the follgvimaracters are illegible. The
regular compound “{2¥én” is nowhere to be found in the t&xt

To express 1/3 there are 24 instances of the kzéckshioban(15 with a
measure word, 9 without), and to express 2/3 taerel instances ¢diban one
without any measure word on strip 8, see (118); afmllowed by the measure
word dou on strips 52, 88 and 89; see (118), (123)-(125)aetsvely.

The regular compounsiin fen, i.e. {3} fen, however, is found twice in the
sequence {3}fen {1} to express 1/3 on strips 3 and 119: see (M@Bhout a
measure word and (127) with the measure vebédg inserted betweefen and
the numerator’'s name {1}. It is also found 17 tinfaBeady mentioned in Sect.
3-1) in monodimensional expressions of 1/3 with mtioenerator 1 not stated.
There are three instances in expressions of 28irothe sequend@} fen {2}
on strip 23 (without measure word), and two omstfi38-139 with the measure
word gian inserted betweefén and the numerator {2}. Therefore, in the corpus,
among the 50 instances of expressions for 1/33rtBére is a choice between
the lexicalized forms (28 instances) and the redgolams built with {3} fen (22
instances). Any of these forms can be used to dedibbensioned quantities
(weight, length, surface, etc.) and can be follovsgdmeasure words in data,
calculations or results. They can also denote déioatess coefficients in some
calculations or in presentations of arithmeticalgedures.

Tab. 1: Distribution of the expressions for
1/3 and 2/3 in theSuan Shu Sl
Lexicalized names| Regular formsg

shiobanandtaiban | with san fen

MW + 18 4 22
MW — 10 18 28
28 22 50

The distribution given in Tab. 1 shows that thesenb grammatical
obligation concerning the choice between lexicalizer regular items.
Nevertheless, when no measure word is preseng thaome preference for the
unlexicalized form with {3}fén since the occurrence rate of such configurations
is 18/28% 100~ 64%. Conversely, there is preference for the |dizied
numerical items in adjectival position before a swa word since the
occurrence rate of such configurations is 18200~ 82%; this may be
because the lexicalized items yielding noun phrasesmore economical than
bidimensional expressions which produce predicatiaases.

6. CONTEXTUAL OMISSION OF THE DENOMINATOR OF A NON-
UNIT FRACTION

In four passages there are series of fractionshwiiwve the same denominator,
as unambiguously shown by thentext but this denominator is stated only in

“LIn Contemporary Chinese the lexicalized fractiameyi banfor 1/2 can usually be
replaced by the regular form {Zgn zhr {1}, but not, for example, in the time expression
ba dian banfor 8:30.
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the expression of the first fraction and is underdtthereafter. Abbreviations
with fen not preceded by the numerator's name can be cmustas free
reinterpretations of the itefén as a noun meaningartsin a given partitioning.

In (128), taken form a passage about the taxafipelts, the denominator
7 is stated only once. The following occurrencesfaf are contextually
understood to designate sevenths.

(128) A o TR #® e A
in Suan ShuSh quin chi shiw gian qifen liu
strips 34-35 dog exit {105} qian {7} fen {6}

‘dog pelt is taxed at 15 and 6gan [each]

L o oMED— #® en
li chi sanshiy gian efen wui
wild cat exit {3{10H{1} qgian efen {5}
wild cat pelt is taxed at 31 and 5/[@an [each]

2] O AN B oep =

ha cha liushigin qgian efen sin
fox exit {6}{10K3} qian @fen {3}
fox pelt is taxed at 63 and 3/[dian [each]’

In (129), from another passage about the taxatibnpelts, the
denominator 72 is stated only once and the follgwiccurrences ofen are
understood to refer to the same partitioning.

(129) m o += HEH=E
inSuan ShuS$h  hu chi shier gr shi ér én shiy
strips 36-37 fox pay {1042} {7H{10KH2} fen {10K1}

‘fox pelt is taxed at 12 11/72 [each]

5 U e H(UH)L
li clu ba efen sishiji
wild cat pay {8} @fen {4}{10}{9}
wild cat pelt is taxed at 8 49/[72] [each]

X N emp +=

qun chn si efen shier

dog pay {4} efen {10}{2}
dog pelt is taxed at 4 12/[72] [each]’

In (130), a passage about the taxation of crops,ddnominator 47 is
stated only once and and the following occurremmééan are understood to refer
to the same partitioning.
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(130) 7 Mo s ) Es =
in Suan Shu $Sh  hé Zi si du sishiqfen shi ér
strips 43-44 millet tax {4} dou {4K10K7} fen {10}2}

‘the tax for millet amounts to déu 12/47dsu

R

o= 3 enxr N
mai Zi sin dbu  ofen  jiu
wheat tax {3} dou @fen {9}
the tax for wheat amounts taddu 9/[47] dou

zi ér u @fen ershiliu
beanstax {2} dou @fen {2H10K6}
the tax for beans amounts ta@u 26/[47] dou’

& M = s oer W(EhRN
da

In (131), the number 36 is first announced as &adivin the calculation
of a volume and then understood as the denomio&tbe fraction in the result.

(131) mERAN B 4
in Suan Shu $h  san shi liu chéng ip
strip 150 {3H{10K6} divide now

‘36 divides, now [we get]

—Thth Roem W)
er gian wiz shi wz chi @fen ershi

{2H10°45H{10}5} ch' @fen {2}{10}
2055 [cubic]chi 20/[36] [cubic]ch’

7. CONTEXTUAL USE OF AN INTEGER NAME TO EXPRESS A
DENOMINATOR

On two occasions in the corpus, the name of agéntis used to mean a fraction:
see shaded in (132) and (133). The integers {7} in (132) add in (133) can
be understood as fractions only because the tewtsgthe result of the
calculations.

(132) AV e M@= —
inSuanShuSh liufen chéng qrg sishierdn Vi
strips 9-10 {6} tn multiply {7} ¢ {4}{10}2} fen {1}

‘1/6 times [1/]7 is 1/42’

*2The phrase rf chéng (n i) is an abbreviation ofr chéng ¥ (n & —) which
expresses a division y(Peng Hao 2001: 108 note 8kawa T. et al. 2006: 29).
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(133) e 3 hy HEhH)s —
in Suan Shu $h  sig@  chéng w fen  ér shién Vi
strip 9 {4} @ multiply {5} fen {2H{10} fen {1}

‘[1A4 times 1/5 is 1/20°

In the corpus, the sequenaem ; + Mw + chéngdfe + NUM , (+Mw)” can
express the product of two lengths yielding to dage; the unit of measurement
can be dropped when it is the same for the two musailhe instance given in
(132) parallels this pattern if we consider theniten to be freely reinterpreted
as a noun fitting into the measure word slot. Timance in (133) is similar
except for the permutation of the two numericalregpions.

Hu Changging (1996) cites other instances of tladdeeviations in other
corpora.

8. CASES OF ISOLATED NUMERATORS WITH SPECIAL MARKIN G
Two integer names preceded Xigo /)> [small] are foundxido {5} on strip 29
and xigo {10} on strip 166. According to Peng Hao (2001: 5@e former
makes sense from the context only if we interpretsi the numerator of the
fraction 5/9 which is stated before in the text.féisthe latter, Peng Hao (2001:
119) deduces by analogy that it must also be theenator of a fraction which is
not actually otherwise specified. Peng Hao’s imetation is quite convincing
for xido {5} but not for xido {10} given the respective contexts.

9. SUMMARY OF PROMINENT FEATURES

In the Suan Shu Sh the only inseparable fraction names were on a@mal the
special lexicalized expressions of 1/3, 1/2 and ar&l on the other hand the
monodimensional expressions of unit fractions badtording to the pattern
“Denominator’'s name fen” (83 instances). There were numerals which could
be inserted before measure words in the same wagrass for integers.

There were lexicalized forms only for 1/2, 1/3 a@éB. Only the
lexicalized form was used for 1/2 (47 instancesit 88 express 1/3 or 2/3, there
was a choice between the lexicalized forms (2&irsts) and the regular forms
built with “{3} fen” (22 instances). Any of these forms could be usét or
without a measure word and there was no defindengnatical obligation, but a
preference for the lexicalized items when a measwrel was present.

Bidimensional expressions of fractions were busltpredicative phrases
with the unit fraction name “Denominator’'s Namdér” acting as subject and
with the numerator’'s name acting as predicate. rfElsalting expressions were
not inseparable and when a measure word was invdtveras inserted right
after “Denominator +én”. The morphemeh was used optionally as a marker
of the predicative relation. The form of the bidms®@nal expression of a
fraction belonged to one of the four patterns asfiby whether the itextv was
used and whether a measure word was involved. gdtim 46 instances (not all
different) of bidimensional expressions of unitcians and the 97 instances
(not all different) of bidimensional expressionsnain-unit fractions we get the
following distribution for the total of 143 instaes:



34
(a): “Denominator #én + Numerator”: 35 instances.
(b): “Denominator #en + Mw + Numerator”: 54 instances.
(c): “Denominator #én + zh + Numerator”: 7 instances.
(d): “Denominator +fen + Mw + zhr + Numerator”: 47
instances.

The itemzlt occurred only in bidimensional expressions folldvay the
numerator's name and was therefore never used th&hmonoedimensional
expressions of unit fractions. Moreover the useléfwas correlated with the
insertion of the fraction either as the predicata guantification clause or as the
object of a verb; Tab. 2 provides a mapping ofditwation.

Tab. 2: Bidimensional expressions of fractions inhe Suan Shu Sh:
The item zhr and the insertion of fractions

zhh—| zh +
Inserted — 76 2| 78
Inserted + 13 51| 64
89| 153|142

The characters placed before the fraction in (ht&)illegible, so | do not
count it here and the grand total in Tab. 2 is dd2 and not 143.

The fraction is not inserted when it occurs asrdsellts of the calculation
as in the examples (132) and (133).

The occurrence rate ahi when the fraction is inserted as a predicate or
an object amounts to 51/64100~ 80 %. Conversly the occurrence rate of
configurations withoutzlv is 76/89% 100~ 85% when the fraction is not
inserted. This allows us to state that the usehoinside bidimensional fraction
expressions was directly correlated with the sytitak insertion of these
expressions as a dependent clause used as theagpeedi a quantification
phrase or as the object of a verb. Readers can tef&nicotte (2015 b) for a
detailed discussion on the usezbf in the expressions for fractions in Chinese.

10. ADDENDUM: BIDIMENSIONAL EXPRESSIONS OF
PROPORTIONS
When we talk about fxaction of a given quantity, we assume the fraction to be
one numerical item defined by a numerator and amémator; for instance in
the statement “2/3 of 9 is 6", the fraction 2/3ase individualized number
formed with the integers 2 and 3. However a nunaégooportion between two
things, or two kinds of items, can be expressel wib separate numbers.

For example, the sequence “N@unNuM; + Nourp + NUM," reproduced
in (134) is built with two numerals both in prediga positions.
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(134) K —
in Suan Shu Sh  m/ yi
strip 119 husked millet {1}

‘one [part of] husked millet,

5 -

su er
unhusked millet {2}

two [parts of] unhusked millet,

Aot
fan shi du
all {10} dou

altogether 16ou

This expresses a proportion of one parhasked mille{mi K] for two
parts ofunhusked millefsu 5€] making a total volume of 1@su. From the
proportion, we can deduce that the total amourtommposed of 1/3 husked
millet and 2/3 unhusked millet, however these foa 1/3 or 2/3 are not stated
and their denominator 3 does not appear at alfetbee the phrase “Nount
NUM; + Noun + NUM," is not the expression of a fraction, but the tridhsional
expressions of a proportion; therefore they showldbe included in a study on
fraction names.

Yang Lingrong (2008: 15-16) lists 14 examples offsexpressions of
proportions in theSuan Shu Shincluding our example (134). To these 14
examples, we can as well add this instance on%&ip

(135) 5% O®= - A 4
inSuanShuSh cha gio ér shi jin
strip 52 hay straw{2} shi now

‘2 shiof hay and straw, now [there are]

|l

% = 1] [
chu én éer gio r

hay {3} and straw {2}
three [parts of] hay and two [parts ofpsit

D/
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