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ABSTRACT

In the real life many problems appear to be unsolvable, but can be made
solvable through some methods of transformation. For example, it is un-
possible for one to utilize a steelyard to weigh an elephant. liowever,

tite story of "Tsao Chung weighs ele?hant" revealed a possible way of
solving this weighing problem. The basic method called the method of

matter element analysis and the main steps for Solving similar incom-
patible problems are introduced in this article.
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g 1. Incompatible problem
In our lives, We always meet with many rather difficult problems concer-
ing our work and scientific research. No matter whether ancient or mod-
ern, chinese or foreigners, in-numerable difficult problems baffled many
people. But some of them had been solved with the help of some good sug-
gestions. For example, It is impossible for anyone to weigh an elephant
with onlv a steelyard. However, Chao Chong, a seven=-year old boy, did
think out a tood idea to solve this problem: The elephant was first dsiv-
en on a boat, then he marked a waterline on both sides of the boat, After
that, the elephant was driven away from the boat, and then stones were
loaded one by one until the waterline markd on the boat were of the same
as before. Then the total weight of the stones was the weight of the
elephant.
In ancient FRurope, there was a similar story, The story was about how
Archimedes estimated the volume of a golden imperial crown. He put the
crown into a container which was previously filled with water. Then the
volume of the overflowing water Should be equivalent to the volume of

the imperial crown,
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In real life, We mect with similar problems. For example, in order to
move a machine which is taller than the door of the workshop, wec usually
use the methos of disassembling the machine, separating the machine into
several parts, then assembling the machine in the workshop. In chemical
reactions, some catalyst can be added to some ehemical compounds in or-
der to make the reaction possible. In engineering design, one can use
equicohesive project to solve contradictions arising from different
strengths on the work-piece.
We have found that these incompatible problems have a common character-
istic that "goal to effect" can not be realized by the conditions given,
but such kinds of problem can be turned into compatible ones by means
of some clever methodse
Some can find a method for solving difficult problems but not all can
do so. Is there any theory or law for solving difficult problems? Can
we solve them by computer? This new task has been dealt with briefly in
Art (1] . Te basic method called the method of matter element analysis
and the main steps for solving incompatible problems are introduced in
this article,
Noblist professor H. A, Simon said:"I found your fomulation of the prob-
lem interesting and your examples helpful."
"Matter Flement Analysis'" Consists of "Theory of matter element", "Meth-
od ot matter element analysis". "Theory of Extension SetY, "Experimental
method of matter element analysis'.
Engineering, scientific research, militar gaming and ecomonic adminis-
tration provide a lot of row materials and are open to its practice.
Nowadays, many incompitible problems can be solved by the concept of mat-
ter element. Incompatible problems will be solved by computers,

8 2e Mundamental Tools of Matter
Hlement Analysis

Some basi~ concepts of matter element analysis have already been estab-
lished both in the Art (1) and [Z21.

1. Matter elements and thelr transformations. We used an orderly three-
dimensional group.

r=(M, C, X)

as the fundamental element to discribe the matter, and call it a "Mat-
ter Element" M shows the matter, C shows the characteristics (i, e
length, volume, tass, colour etc) and X shows the measure of M about C.
I1f a matter is descrided by n Characteristics, then an n-dimensional
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matter element can be made up for example,

M, Cg, X1
R=(M, C, X)= Cr X2
Cn Xn

machine, weight 50 ton

1}

length 12 m

colour blue

is an n-dimensional matter element. (M, Ci, ¥i) (i=1, 24 *°*°* n) is called
"the branch matter element of R".
Te method by which a matter element is turned into another matter ele-
ment or several matter elements ri, rp, ***s Trn is called the matter ele-
ment transformatione A matter element transformation may be transforma—-
tion of matter, characteristic, or measure, written as:

(Tms Teo» Tx)
Then

Tro=('1M, Tes Tx) (Mos Cos Xo)

=(Ty Mos Tc Co» Tx Xo)

All the matter, characteristic and measure of a matter element have the
following four fundamental transformations:

1. Combine (or add)

2. resolve (or cut)

%, similar (or enlarge, or reduce)

Ls replace (or move)
At the same time, the transformation of the matter element also has the

following four basic operations:

1. Product T = ToeTy
2. Converse ™17 = &
3. And T = Ti®Ts
e Or T=T] & T2

Any transformations may be considered as the fundamental transformation
o the matter element obtained by transformation operations.

2. Extension set and Dependent function the fundamental matter
analysise.
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In classical mathematies, a true thing is true and a false thing is false.
Peonle use two numbers £0,1} to indicate whether an element belongs to
a set or note ‘
In the Fuzzy set {0,1] is taken as the values of the degree of member-
ship.
In orde~ to discuss the outer element of a set which can be transformed
into the inner element of the sets, the concept of the extension set is
established in Art (1]. The real number set (-eq +#) stands for the de-
gree of the thing that belongs to the extenslon set, We use a real num-
ber to measure the relation of an element and the set, The mapping:

u—e(=-09, +o8)
Kg. u—sKg (u)

is called a dependent function of %.

The extension set and the dependent function are the basic concepts for
solving incompatible problems.

All kinds of real background and new mathematical tools can be set up
through the concept of extension set, such as extension geometry and
extension matrix etce

Recause there are many problems which refer to a constant described by
a real number, we partioularly discussed the extension set and the de-
pendent function of the real number field in Art [1] and established

(v, %o)

K = -
(v) p (¥, X0 -%) -p (¥, Xo)

%3, Problems and thelr operationse.

What does a question P mean? Mat is to say, a goal must be realized
throupgh sone conditionse.

Ro stande for tie goal matter element, Io for the conuition matter ele-

ment and problem P written as
P=RO*I‘0.

The problem consisting of the goal the condition which can be realized

igc called the compatible problem. The problem which consists of the goals
matter element and the condition which makes& the goal matter not be
realized is called the incompatible problem.

I the roal world, a problem is rather complexs. A problem consisting of
s e biaeoional poal matbor eroment oo o L-rimensional condition mat-

o ol ey P oalies s auncarontal probleds
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A fun aroobal orcoLe wielcs e omaue un 0y on 1-cimensiona [pal mav.er
¢l ment oo on 1ecimenslonal conditing watter eloment, is called a sisple
pronlom, A complex nroblem can be T gardec as a fundamental problemn

obtaine: by some ways Of logical operatlonss

Two sorts of solving the basic problem have been found in Art (11.

1. The single direction transformatione.

Tf an incompatible problem is solved by changing the goal matter element
and the condition matter element, after solving problem, the original
matter clement need not be restored, this transformation is called a
single diresction transformation,

2. The succesive negative transformatiolis

After solving an incompatible problem, the original matter element must
be restorced, we call this the succesive negative transformation.

g 3, Basic Steps Of The Matter
lement Analysis.

To solv: an incompatible realistic problem witi matter element is a new
thing, #e first resolve a complex problem into a few simple problems,
and solve ther with methos of matter clement analysis, then combine the
solutions of these problems as the solution of the original problem.
vhen we solve a simple problem, we must consider the change of condition
and the poal at the same time. That is to say, when the goal is not
realized by the known condition, the incompatible problem can be solved
by the chaning condition, or by realizing the goal which can be ex—
changed into the oriiinal goale

We usc qunlitative analysis to solve eacl: simple incompatible problem
in order to get the sorts of transformation, and use quantitative com-
putational method to get a certain quantity, and then the optimum solu-
tion is succesfully chosen through compaison of the optimal degree of
solutions. The above procedure has been programmed in Art (4)e This in-
tellingent method may be advanceds

The basic steps of the matter element analysis are as follows.

1. To turn the problem into matter elements, and write down the logical
formul ae.

At first we list the logical formulae of the goal matter element and

the condition matter elemente

Ho= L (R‘I’ Rz,—..., Rn)

and
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I‘:L (I‘], ra"O.’ rn)
then, th: complex problem may be written as

P

th

R*r

11}

L(Rys Rpy***, Rp) *L(rq,rps***, rn)
Because of the logical property of the problem operations, it is con-
verted into the model formula

P =L(P‘l, Pa,'..’ Pk)

Where P71, Pp,®*e, P are all basic problems.
T1f the goal matter element is the sum of a few matter elements, the
original problem can be divided into the sum of & few matter elements,

writter ns:
(Rq+Rp)*r = Ry*r+Rox(r-rq)

Where rq is the needful condition by which Ry can be realized.

2. To solve the fundamental problem,

1) To complete the compatible degree Kp(R) by means of solving the de-
pendent inegualitye

If Kn(R)>0, P is a compatible problem. If K~(R)$0, P is a incompatible
problem.,

2) 'To establish the dependent inequalitye.

It K,.(R)0, following dependent inequality

KTrOr(R)>O

Ko, r(TR*R)>0

are established for the incompatible problem. That is to say, the prob-
lem may be solve. by means of the turning condition or the goal or both
at the same time.

%) To solve the dependent inequality.

To solve the dependent inequality means to find the sorts and the meas-
ure of transformation which convert the incompatible problem into the
compatible one, 'This sort of transformation is obtained by qualitative
analysis, and the measure of the transformation is obtained by a quan-
titative operation.

A) (uailitative Analysise

First, tn. matier, the characteristic and the measure of the matter el-
ement arc aialywed onc by onee According to the restriction of the prob-
lem, the u;:» of four fundamental transformation is decided one by one.
The one which can be used is malked by '"O", Otherwise the it is marked
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Matter M Characteristics C Measure X
é/ng\ﬂ a/gﬂt\a abecd
X 0 X X 00 X X X 0 X X
Where

a — combine

b —— regolve

C ——- gimilar

d — replace

1) Qualitative computations
The measure of a transformation is computed by the dependent function:

KTr(R)>O

Kp»(TR)>0
KTrl‘( TRR)>O

3, Combination —— to combine the transformation of thnese basic problems.
If {74} is a set of solution tramsformations of the problems

Pi = Rixrg
then = lorical iformula of the transformations

LC ™), {12}, ==+, {in} )

can be writcen according to logical formula of the problem

P = L(P1, P2,"""5 Pp)
Thics 1. a set of the solution transformation, In this transformation set
some matter element does not allow us to use some transformations simul-
taneous, 50 we must discuss the set L{ {T1}, {(T2},***y» {Ik}).
Tf there are Ty€ {Ty} (i=1, 2,++, k),
That 1.(T7), T20s°***, To) can be realized, then

To = L(T105 T20s°***» ko)
is a solution transformation of the problem., Clearly To is not the only
one., They are formed a set { T}
Le To decide the optimum solution
Each solution of the solution set {T} of the problem P is computed re-
spectively and obtained the optimum degree [1].
Compared with the optimum degree of the sclution, the optimum solution

is decided,
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The method solving a kind of incomnatible problem is programmed, and

incompatibl e problems are mualyzed and operated by computer.

g 4, Practice
We give an example '"Chao Chong Weighs an elephant",
1. ixpress the problem with the matter elements.

Ro-Ro (elephant, weight, X)

ro=ro (steelyard, welghing region, (0, 200))
Then

P = Ry » o
P is a fun:amental problem,
2. To compute a compatible degree.
- (0, 200)

X =4

According to the theory of Art (1], the compatible degree is

Kp(R) = =p(X, Xo)-1

- - B30 2

= 99~ |X-100)
< -1

.
&
i

i

1t is shown that P is a incompatible problem, The dependent inequality

5 established

e
o

Kn(TR) >0,

Ko,r( TgR) > O.

%e "o solve the goal inequality.
At first, the bssic transformation of the goal matter element is analyzed.

olenhant M welght C measure X
ab c¢cd abecd abecd
N X0 X X X X X X X X

From the anove analysis, we get the transformation Tﬁ . That means the
matter elcment R, (elephant, weight, X ton)

T%RFR1 ( {body}, weight, ¥ ton )



The problem P is turned into 14 6

ry (steelyard, welghting region (O, 200) )

B {body} weight /y\)
TN FEANT a’t ¢cd
X 0 X X X X XX X0 XX

According to above statement, we get the transformation (Tﬁ, e Tg), S0
the transformation of the goal matter element is:

b md

Tho= (TR 1, e, Q)

I° is the method that Chao Chong used.

First of all, the weight of the elephant is changed into the weight of
the stone, and the stones is divided into a few piles.

Then how many times are the stones weighed? That 1s to say, how many
piles must the stones be divided?

If the stones are divided into n piles, according to dependent inequal-
ity. We get

- = &R2] - |88 50
then
h 3 5%

1f the weipht of the elephant is about 5000 kilogram, then the stones
must be weighed 25 times at least. This result is fit for logic.
Le To solve the condition inequatity (2)

At fi-no trne consdtion matter element is analyzed
Cteslyard Jelghing region Y (0, 200)
S bhoed abcd Ad
<0 XX XX X X X X
The capab: ~ transformation

fqﬁ s O [Pax) and (ng s O T;\}i) are got

In this way, the condition matter element is changed into

(18w, Cy TR V) ™ Y > X
and
i, e, 1 4 v > ¥
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We get three capable solution transformations i
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where i 4 8

U t &€ [0, 2] (12, 14l
Aty = { 365 t € [o, O] (18, 20]
i others

2. lo compute the compatible degree and establish the dependent inequal-
ity.

ke(H) (P H)>o

L (2 (a2 {>o t€ [0, 21 5 [12, 4]
N <0 others

(3 3 - 2L+
3 Ry = (s - ] - B2 ) = -1kL0
This is an incompatible problem —= We discuss the dependent inequality

Kp (TR)>O

i
. 1\4:$=1 Ai+§]Bi=R]+R2
50 the probiem can be turned into

(HI

1t}

v ox I +‘R2 ) * T
= Ry x T+ Ry (r - ry)
T4 is a needful conaition by which R1 can be realizede

3, ‘o Solve R1 x r and Ry » (r - r1)

Rl(1) large ship length 16 m

Ry = Rm(a) = load draught 5 m
H](B) discharged time 8 hours
r, () wharf width 20 m

ry = r1(2) = depth 6m

) time in high tide 4 hours
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cleariy
j.l'] kR—l )>\)

r.m(C} (H.l(?')) 20
1

09) (3)
“r1 QR1 Y O

The depenuent inequality
{3 (3)

is first solveds

lhe matter element

{3 2 (wharf nigh tide time I hours )
IEAN a@d md
X X XX 0O X X X 0 X XX

ig analyzecs Namely, the addition time is 4 hourse But r (2) and r (3)
are dependent, They can not be realized at high tide time together,

k.2 @heo,

e new incompatible problem (Large sulp, draughty 5m )x(wharf, depth,
ym) appears at this time. Because the condition is unchanged. The
transformation of the goal matter element is analyzede The draught of
the large ship will be changed when the ship is dischanged. 50 this
problem must be written as:

( large ship, draught 5=1421,)

( wharf, depth, 4 m )
Where L is dischanged timee Clearly

r <0 5 - 1.2 L> 4
Solving

5 - 1e2 L& &
getting

8

When the large ship will be finished Loading in 1 hour, the ship will
sail on the wharf at ebb-tide freely.
The second, the matter element R1(3) is analyzede
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(large ship discharged time 2 hours)

AN AN

é/gﬁg\d abcd abcd
X X X X X X X X X0 X X

It is shown that the discharging time can be divided into two parts. One
is at the high tide, the other is at low tides. /
The third, the problem R, = (r - rl) is solvedes

R,V boat length 1 m
Ry = Ra(a) = draught 3m
R2(3) discharge time 30 hours
re(H) wharf width 20 m
r' =r-ry= r'ga) depth X (t)
r'(3) discharge time 16 hours
clearly

AT R ) >0

S (2 (2)
K ? (R, %)) >0

I (3) (RZ(E))<O

r
Te dependent inequality
K, (1R,(3)) >0
is solved.
Due to
kA (1) >0

Then

- (3 (3)
K v ( R,"77)40

So we must use a separation-reunion transformation [1le
(V)
2

Iirst the matter element R
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small boat length MMm
a/bc\d AT a/bc\d
o X X X XXX X 0 XXX

is analyzed.

1t is shown that we can use -the combination of the transformation. Name-
ly, both of the boats are discharged together at the same time,

The matter element (Small boat, discharging time, 30 hours) will be
turned into total of discharging time 15 hours. So

krﬁl) (TR2(1))>-4

From above statement, we get two methods for solving this problem.
1. ''wo large ships will be discharged in different times.

At the beginning of the high tide, one of the large ships will be dis-
charged. After an hour the ship must sail out from the warf, The an-
other ship will be discharged off all goods and then, the first ship will
be discharged againe. Since it finishing discharging a part of goods. It
can be sail into the wharf freely at ebb tide.

2. Let two small ship sail into the wharf and be discharged at the same
time at ebb tides

The problem is solvede
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