Numerals from Ancient China

| kursen Skolmatematikens historiai Goteborg (Se Namnarennr1, 1989.)
medverkade professor Frank J Swetz som forelasare. Frank J Swetz har
studerat kinesernas matematik under manga ar. Hans féredrag, Numer-
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Detta satt att rdkna leder fram till kinesernas rékning med

Ask afellow teacher to tell you something
about Chinese mathematics and he or she
will probably say " The Chinese do their
mathematics on an abacus.” This s true.
The bead-abacusis a popular computatio-
nal device, evident today in Chinese class-
rooms, markets and shops. While in the
mindsof most peopl e, theabacusisclosely
associated with the Chinese and their mat-
hematics, relatively speaking, it isarather
modern Chinese device. The bead-abacus,
suan pan or zhusuan as it is known in
China, becamepopular in about themiddle
of the 15th century. But for a thousand
years prior to this time, the Chinese
demonstrated acomputational proficiency
and accuracy unigque in the ancient world.
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They could extract square and cube roots
of numbers to several decimal places and
by 500 A.D. had obtained a value for 1t of
3.14159267, a value unknown elsewhere
until after the 16th century. This amazing
computational efficiency andaccuracy was
accomplished using a set of sticks whose
configurationsrepresented numbers. Writ-
ten records of such stick configurations
were composed of smple strokes and
became, in themselves, a set of numerals.

Rod Numerals

Chinese rod numerals can be categorized
into two groups, those of a vertical form
and those of a horizontal form:
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Rod numerals from one group would be
used to designate; units, hundred, ten thou-
sands ... and from the other group; tens,
thousands, hundred thousands ... Inrepre-
senting a number, a Chinese mathemati-
cian would lay out his rods in arow pro-
gressing from right to left and alternating
between horizontal andvertical forms. Such
aprocedureindicatesaknowledgeand use
of positional notation based on powers of
ten. Thus the number 438 would be repre-
sented by
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and 1989 by
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As conceived, the rod numerals possess
certain properties.

1. Rod numerals 1-5 are obviously
simply tally symbols by which a 1:1 cor-

respondence is established between the
objects being counted and the recording
strokes. The symbols change to a coded
symbol after a count of 5. Coded symbols
are comprised of a stroke representing 5
and simple tally strokes. A close associa-
tion with hand counting is evident.

2. The symbols used to represent
powers of ten are single strokes — either
horizontal or verticle. Rod numeration is
clearly decimal in nature and employs a
positional ordering based on powersof ten.

3. The positional ordering in rod
numeration follows modern conventions.
Chinese  mathematicians used decimal
based, place-value systems of recording
numbers from approximately the 8th cen-
tury BC onward.

Computing with Rods

In order to assist with computional chores
and preserve positional integrity, the rods
wereused in conjunctionwithacomputing
board whose surface contained a grid
comprised of columns and rows. Rods
representing a number would be laid out
acrossagrid row and individual rod confi-
gurationswould liein particular columns.
Thus a simple addition problem might be
laid out on aboard as follows.

The visua pattern of the rod numerals
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facilitate the performance of simple arith-
metic operations. For example, consider
how the addition of 7+8 was accomplis-
hed. A trained computer would first note
the five's strokes, i.e. horizontal strokes,
combine them and carry 1 horizontal
strokeinto the next column, the remaining
vertical stroke would then be added toget-
her (2).
In performing this procedure, a rod was
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(7+8=15)

physically ” carried to the next column and
the ancient Chinese used thisterm to desc-
ribe the process of moving ahead one tens
place on the left in their numeration sche-
me. In the subtraction process, they used
the term ”borrow” to indicate the moving
of atentotheright to permit asubtraction.
Thus, inprinciple, their algorithmsfor per-
formning addition and subtraction were
very similar to ours.

The use of acomputing board grid per-
mitted the designation of empty positions
within a number, for example, 107 would
be represented with rods on a board as:

and be written accordingly as
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Mathematical scribes would be able to

discern the number of empty position pla-
cesin anumeral and interpret the number
correctly. A written symbol to zero, O, was
adopted for use by the Chinese in the 12th
century. Thus from that time onward, 107
would be recordes as

On a computing board, rod entries placed
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to the right of the unit’s column represen-
ted decimal fractions. The Chinese are
historically distinguished asbeing thefirst
people to mathematically emply a system
of decimal fractions.

Another amazing fact concerning rod
numeralsisthat from the 2nd century B.C.
onward they cameintwo colors, black and
red, to represent positive and negative
numbers respectively! An examination of
old Chinese arithmetic manuals reveals
rules for working with negative numbers
that are exactly the same as those we use
today.

By thetime of the Ming dynasty (1368-
1644 A.D.), commercial considerations
forced aneed for acomputing device that
was faster and more popular than compu-
ting rods. To meet this need the bead-
abacus was developed but its working
principles were directly derived from the
computing rods and board.

OntheChineseabacus, columnsof seven
beads are divided into two groups compri-
sed of 2 five-counters and 5 unit counters.
Thus, the Chinese abacus is the terminal
product of atwo thousand year old compu-
ting tradition that began with thefingersof
the human hand, moved to a set of compu-
ting rods and finally ended with a fixed



frame containing columns of verticaly
movable beads.

Useful Learning Experiences

Inlessonson number systems, childrenare
often exposed to Egyptian or Babylonian
numeration systems. Chinese rod nume-
ralsare easier to understand and simpler to
work with than other ancient numeration
systems. Number recognition exercises
employing match sticks and an overhead
projector (i.e. lay number configurations
composed of match sticksonthefaceof the
projector forming images for class
identification), sharpen mathematical in-
tuition. Children also enjoy manipulating
sticks to form their own numerals and
challenging their friendsto correctly iden-
tify the number represented.

A class examination and discussion of
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rod numerals reveals several historically
relevant facts, namely:

1. TheChinesewerethefirst peopleto
useadecimal place vaue numeral system.

2. They wereaso thefirst to use deci-
mal fractions.

3. Their arithmetic wasthefirst in the
world to accommodate negative numbers.

Able pupilscan build on their experien-
cewithrod numeralsto further explorethe
arithmetic of computing rods. Using rods,
how was subtraction performed? Multipli-
cation? Root extraction?

Indeed, there can be many questions
asked and fruitful learning experiences
constructed around the Chinese rod nume-
ras. In fact, some historians hypothesis
that our present day numeral system evol-
ved from the Chinese rod numerals. In
support of their conjecture, they offer the
following speculative evidence

What do you think?

(empty box on board)
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