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Counting rods




Questions

® How to use diagrams?

®* What is the relation between counting rods and
diagrams?

®* What does diagrams exactly mean?




i

2= L& Shushu Jiuzhang

Mathematical Treatise in Nine Chapters

® The book was written by Z= /1. %2Qin Jiushao (1208 —
1261 ) in 1247.

® The original edition is lost. There are 3 copies we can
see today: One Ming copy and two Qing copies.




The style

® 81 problems
® Problem and Question

® Answer

®  Shufii algorithms without specific numbers(procedures)
e Caosr—procedure with specific numbers (detail of procedures)
® Tul[E——-diagrams

°  OIMTHEE, REZ .

® | established procedures and | set up details of the procedures, which
were expressed in blank spaces by means of diagrams.




Rod notation




Comparison

14509




Positive and negative number
* REMHFERIE  BEREFELIE -

® Red notations right represent by white rods; black
notation right represent by black rods.

o EHWAEE  HAMSIEER -

® Shi and Yi are both negative and written in black;
Shang and Zong are both positive and written in red.
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| Ines connected numbers

If two numbers are to be calculated (+,—,X,=),they will be
linked by a line.

The rules are:
Addition: double lines linked two numbers’ heads or tails
Subtraction: single line linked two numbers’ heads or tails

Multiplication: single line linked one number’s head to
another number’s tail or two numbers’ tall

Division: one dotted line linked one number’s head to
another number’s tail or two numbers’ head







Combined lines to show operation
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Relation between detail of procedures and diagrams
® Diagrams were parallel to the detail of procedures.

® Diagrams were a part of detall of procedures.

® CaoX.——detail of procedures




Parallel
AR E SR 2 PLE AT .

| still set up diagram with rod-notation to look for these
(unknowns of the problem), in order to correspond with the
original algorithm.

BelE R AL, LR I

In this diagram, positions are placed according to the
problem, and in the following, | operate with the counting
rods according to the detail of the procedure.

BEE4% -

| set up diagrams as follows .
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SHIREF B TS -
Now | list the diagrams following.

E BB =3 ENAE - R -

Above is the diagrams, and others follow the example.




Parallel

® Diagrams are to record the process of playing rods,
and lines In diagrams are to show the relation among
numbers and the operations taken on rods.

® But diagrams never display the process of four basic
calculations(addition, subtraction, multiplication,
division), and in seldom cases diagrams display the
extraction of roots.

® Diagrams are another details of procedure(Cao).




Part

o [EEESE - SHEREEE Y -

* Following diagrams always change > and | take the
numbers of the determined diagram to use every time.
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T ERERMA?

® L7 A—— Aloe wood

e JE¥E B—— a kind of turtle

e & C—— frankincense or mastic
® = Guo——a kind of cover
® fr Jin—— measuring unit of weight

¢ & Tao—— another kind of cover




One looks for the prices of things

Problem: One sold goods three times; the money for the payment of things was exactly
1470000 Guan each time. One first sold 3500 guo of A, 2200 jin of B, 375 tao of C. The
following time, one sold 2970 guo of A, 2130 jin of B, 356% tao of C. The last time, one
sold 3200 guo of A, 1500 jin of B, 3750 tao of C. One wants to look for how much is
respectively the price of a guo of A, a jin of B, and a tao of C?

k7% A—— Aloe wood

151§ B—— a kind of turtle

H. A& C—— frankincense or mastic
5L Guo—a kind of cover

JT Jin—— measuring unit of weight

£ Tao—— another kind of cover

H Guan——unit of money
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Left

| middle

Right

Detail of the procedure

—lltcoco —~ffltcoe —fllono
1 -
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=l®o E*"'i' [ =
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il
MLooo SHtoool —froco
Y ! -
2 _" - ”;: A= -‘i;--'-'ng Divide three columns by their
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—Moo % &5 g—llco greatest common
".”1-::'|T='-3' ’1]—”—. £ Wtm|
3
e oo Sgio | SAEML R puaddion
Diagram == rods of three column, and to
oL | = Ive,
ﬁrLﬁu A u. k|=o o
—r ; , L
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ed /i
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L7 A Aloe wood
i B pepper
%7 Civory

4C Gold

D Salt




Divide goods equally and look
for the capital

After having conveyed goods by sea boats, except for the goods handed over to the owner’s house,
there remains 5088 Liang of A, 10430 Bao of B (1 Bao=40 Jin) ,212 He of C (1He=a big ivory + a
small one). The remained goods were obtained by four persons (1,2,3,4) > who possess together
the capital. Because the four businessmen collected the capital yesterday, they lent and borrowed
among themselves. They told the official that the capital of the first person was 200 Liang of C, 4 Dai
of D every row, totally 11 rows; the capital of the second person was 800 Liang of E, 3 Dai of D every
row, totally 88 rows; the capital of the third person was 1670 Liang of E, 15 Dao of F; the capital of
the fourth person was 52 Dao of F, 58Liang 8Zhu of C(1Liang=24Zhu). It is estimated that altogether
the previous (capitals) have a value of 424000 Guan. The first man man borrowed D from the
second man; the second man borrowed E from the third man; the third man borrowed F from the
fourth man; the fourth man borrowed C from the first man. Now all goods should be returned to their
masters, the previously mentioned goods being shared in proportion. One wants to know how much
the original price of C. D. E. F and how much each of the four persons respectively should obtain?

IE# A Aloe wood ##fl B pepper 44 C ivory
4:C Gold #:D Salt #RE Silver EhE F documents used by monk and still could be used as money

Jin - Liang —measuring unit of weight

Bao—bag  Dai—sack » He —used for measuring unit of weight
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The right column plus the
secondary column.

Marme Left | Secondary | Auiliary | Right Detail of procedure
T
loToo |oToo |JeT=a |aTee
1_§H i | k 'E Multiply the left column by
=) o o #lloo P
irst di o o | MIIN B =0 -
First diagram + @i-TLo goo N
RN E-m | v o
. B |
! |
M=Woo JeTec | | <Tao™ [oTa0
n ' n " il
2 ¥ fi 214 ‘ﬁ B gon thl_dE four columns by
) a o ‘ H J-l Eo their greatest commaon
Second diagram off=T+o | ffoo| o divisors.
R1ET E-M | © o
" | 3 | |
157 [ LR, RN R
M.
_ : Follewing diagrams always
3 fE$H ! ﬂi ¥ ;IE o E change. and | take the
wn—Moo  &=|=c | E-U=H llll! numiers of tha
Diagram of the . £E % E r: determined diagram to use
¥= o o B=§ [ ¥ every time.
determined /i He v RIER mles o
£ o o
ermined (i '»'.E ; I “i Ell | | Multiply the secondary
i column by 156;
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Conclusion

What are counting rods?

Counting rods are not only an instrument for calculation, but
an instrument to show some quantitative relation by their
positions and notations.

What are diagrams?

Diagrams are an instrument to display the process of
playing counting rods.

Diagrams are not aids to calculation, while they are aids to
procedure.

Old procedures and mathematics changed because of
making both use of rods and diagrams.






Thanks tor watching=
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