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Introduction

How to evaluate the validity of the system dynamics models, which is
a subject of interest to us., Generally speaking, it is necessary to
test the model extensively from different angles, so that people can
understand and believe in that model alt through, this is so called
the vatidity of the model. Of course, this shoutdn’t be alt right to
evaluate the validity of the whole modet only depend on a single
test, Hence, the problem is how to evaluate completely the wvalidity
of the model through multipte tests. In practice, this is a problem
about the synthetical evaluation, The synthetical evaluation can use
the approach to find the sum,namely keep the score for the result of
each test and then count up them, It can also use the weighted aver-
age method, But they aren’t suitable to evaluate the validity of the
models. Because the validity is a fuzzy conception. Only using a
simple fraction to evaluate the validity of the system dynamics mod-
el is not precise, Therefore, it probably is a better method to eva-
tuate the validity of the model synthetically using the fuzzy sets
theory. This paper discusses the multilevel evaluation system and
fuzzy synthetical evaluation method for the validity of the system
dynamics model, and gives a computation example at last. The example
proves that fuzzy synthetical evaluation can give satisfactory re-
sults,

Muttitevel Evaluation System

Analysing the treatises on the validity or confidence of the system
dynamics modets, it consider that the validity of the modet can bhe
evaluated more objectively through following [| tests, these are,
(1) Structure verification test; :
2 ) Parameters verification test;
Extreme conditions test;
Boundary moderation test;
Dimension consistency test;
Behaviour reproduction test;
Behaviour abnormality test;
Behaviour sensitivity test;
System improvement test;
Behaviour transformation test;
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(11) Strateqy sensitivity test.

Above mentioned 11 tests can be divided into three groups.(1)-(5) is
called the structure confidence, (6)-(8) the behaviour confidence
and (9)-Ct1) the strategy confidence,

It is possible to synthesize these confidences in order to evatua-
ting the validity of the model as a whole, For this reason we pose a
three tevel evaluation system of the validity of the system dynamics
model, as shown Fig.1.

Mathematical Description of Fuzzy Evailuation

The mathematical description of the fuzzy synthetical evaluation

Structure Verification Test | —
Parameters Yerification Test | —
Structure
Extreme Conditons Test - —
‘ Confidence
Boundary Moderation Test — \'
A
L
Dimension Consistency Test - I
D
I
Behaviour Reproduction Test | — T
: Y
Behaviour
Behaviour Abnormality Test — | Confidence | — | O
F
Behaviour Sensitivity Test - M
0
D
System Improvement Test - E
L
Strategy
Behaviour Transfortion Test | — | Confidence | —
Strategqy Sensitivity Test —-

Figure 1. 3-level evaluation system of the vatidity of the system
dynamics model
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as follows,
Suppose the factors set

U={u, u, - u,) : )
and the evatuation set
V={v, v, o v, } : 2)

Each element in the evaluation set correspond to the grade of the
evaluation standard for the validity of the modet, such as "very
good”, "good”, "not bad”, "bad” and "very bad", .

In the fuzzy sets, the characteristic function of the elements is
called the membership function which is to take value out of an in-
terval [0, (] continuously. The membership function can take the nor-
mal distribution or other type.

When we apply the fuzzy evaluation method to a system dynamics mo-
det, the fuzzy evaluation of factor i in the factors set U can be
described as a fuzzy subset on the evaluation set V

R, ={r, f,, = 1,,) €}
If there are n factors, then there is a fuzzy matrix

E} Ty Tyy o 1y,

B,: Re | = | Tar Taa ** Tan | ‘
S I - (4
Rn f,, T,y * I,

Where R is called the single factor fuzzy evaluation matrix,
The allocation of the weights for the factors is a fuzzy subset A on
the factors set U

é:{al a, - a,} (5
and have
n
z o2 =1 (6
1=}
The resutt of the synthetical evaluation is a fuzzy matrix
B=A:B SE

Where the sigh - means the multiplying operation of the fuzzy ma-
trix. In more detail, R is a fuzzy relation between the factors set
U and the evaluation set V. The fuzzy synthetlcal evaluation is to
find the fuzzy subset B on the evaluation set V in the given weight-
ed conditions through The fuzzy mapping R. The steps of the multi-
plying operation for the fuzzy matrix are similar to the common ma-
trix operation, namely

b, , =max min {a,,, r1,,]=V (8, ,Ar1,,] 4
k

k
Where the sigh A and v represents drawing minimum and maxmum
operation respectively,

Steps of Fuzzy Synthetical Evaluation
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The steps of the fuzzy synthetical evaluation for the validity of
the model as follows,

(1) Give the testing data of the model;

(2) Let the evaluation grade of the valitidy;

(3) Let the grade standard of each test; '

(4) Calculate the testing accuracy;

(5) Calculate the membership r,, for evaluating each test;

(6) Constitute the fuzzy matrix R;

(7) Let the weighted matrix A;

(8) Find the evaluation result B.
According as the result of the first level evaluation, then the
fuzzy evaluation in second and third level are determined by the
same method.
The computer flow chart for three level-fuzzy synthetical evaluation
is shown in Fig.2.

An Example

The result of three level fuzzy evaluation for the validity of the
system dynamics model to study the scientific and technical invest-
ment in a region as follows,

(1) First level evaluation

B* =(0.2574 0.7602 0.0420 0.0016 0.0000)
B° =«(0.4721 0.4506 0.1410 0.0006 0.0000)
B* =cu.2880 w0.7403 0.0132 0.0001 0.00000
B* =—c0.1512 0.78(1 0.1032 0.00uf 0.0000)
B =¢0.3576 0.6257 0.0540 0.0002 0.0000)
B =¢0.1041 0.9211 0.03%0 0.0010 wu.0600)
B° =(0.2501 0.7604 0.0420 0.000f 0.0000)
B =(0.2073  0.8203 0.013% 0.0028 0.0000)
B® —(0.3512 0.6844 0.0240 0.0010 G.0000)
B**=(0.3427 0.7015 0.0150 0.0001L 0.0000)
Q“::(0.3054 0.7502 0.0120 0.0000 0.0000)
(2) Second level evaluation

B =A R,

~ =00.215 0.385 0.15 0.15 0.10)B" B® B' B* B )"
=(0.3388 0.6277 0.0872 D0.0003 0.0000)

B,=4, - R,

~ =(0.3%5 0.35 0.30xB° B B')"
=(0.1861 0.7946 ©0.03(1L 0.0012 0.60002

Ba:éa '&a .

~ =70.3% 0.35 0.30%B B B')
=(0.3345 0.7100 0.0173 89.0004 0.0000)

(3) Third level evaluation

B =4-R
=(0.375% 0.375 0.25) (Ql §, Eb)’
=(0.2805 0.7(09 0.0497 0.0006 0.0000)

Because
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Figure 2 The computer flow chart of 3-level fuzzy evaluation
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m
§jlhd::U.28054—0.?[094—0.U497+—U.0006+—ﬂ.000"2:1.0417
1=

B ought to be normaiize
B* =(0.2693 0.6824 0.0477 0.0006 0.000)

The computing rsult indicaties that validity of the model is satis-
factory. From fuzzy conceptation this model is 26.93 percent belong
to "very good" standard and 68.24 persent belong to "good” standard,

Conclusion

The multilevel fuzzy synthetical evaluation raised in this paper is
a complete and convincing method for evaluating the validity of the
system dynamics models, The computation indicates that method is easy
to operate on the computer. In addition, this method can be discover
that harmful factors existed in structure, behaviour and strategy of
the model through the fuzzy evaluation. Therefore it provides the
possibility to overcome the weaknesses of the model.
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