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Introduction 

How to evaLuate the validity of the system dynamics modeLs, which is 
a subject of interest to us. Genera tty speakin~. it is necessary to 
test the model extensively from different an~tes, so that people can 
understand and beLieve in that modeL att throu~h. this is so catted 
the vatidi ty of the model. Of course, this shoutdn' t be att ri~ht to 
evaLuate the vaLidity of the whote modeL only depend on a sin~te 
test. Hence, the probtem is how to evaLuate completely the vaLidity 
of the model throu~h multiple tests. In practice, this is a probLem 
about the synthetical evaLuation. The synthetical evaLuation can use 
the approach to find the sum,namety keep the score for the result of 
each test and then count up them. It can atso use the wei~hted aver
age method. But they aren't suitable to evaLuate the vaLidity of the 
modets. Because the vaLidity is a fuzzy conception. Only usin~ a 
simple fraction to evaLuate the validity of the system dynamics mod
el is not precise. Therefore, it probab ty is a better method to eva
Luate the validity of the model synthetically usin~ the fuzzy sets 
theory. This paper discusses the muttitevet 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. 

Multilevel EvaLuation System 

Anatysin~ the treatises on the vaLidity or confidence of the system 
dynamics models, it consider that the vaLidity of the model can be 
evaluated more objectively throu~h fottowin~ II tests, these are 1 

( 1 ) Structure verification test, 
( 2) Parameters verification test, 
(3) Extreme conditions test, 
( 4 ) Boundary mode rat ion test; 
( 5) Dimension consistency test; 
( 6) Behaviour reproduction test; 
(7) Behaviour abnormality test; 
( 8 ) Behaviour sensitivity test; 
( 9 ) System improvement test, 
(10> Behaviour transformation test; 
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<lll Strategy sensitivity test. 
Above mentioned ll tests can be divided into three groups:(l)-(5) is 
cat ted the structure confidence, (6)-(8) the behaviour confidence 
and (91-(ll) the strategy confidence. 
It is possible to synthesize these confidences in order to evaLua
ting the validity of the modeL as a whole. For this reason we pose a 
three Level evaLuation system of the vaLidity of the system dynamics 
model, as shown Fig.l. 

Mathematical Description of Fuzzy EvaLuation 

The mathematical description of the fuzzy synthetical evaluation 

I Structure Verification Test I
I Parameters Verification Test I
I Extreme Condi tons Test 1-
! Boundary Moderation Test I
I Dimension Consistency Test I
I Behaviour Reproduction Test I
I Behaviour Abnormality Test I
I Behaviour Sensitivity Test I
I System Improvement Test I
I Behaviour Transfortion Test I
I Strategy Sensitivity Test 1-
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Figure l. 3-tevet evaLuation system of the validity of the system 
dynamics model 



as follOWS: 
Suppose the factors set 

U= ( u. u. ••· u. ) 
and the evaLuation set 

V={v. v .... v") 
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(l) 

Each eLement in the evaluation set correspond to the grade of the 
evaLuation standard for the vaLidity of the modeL, such as "very 
good", "good", "not bad", "bad" and "very bad". 
In the fuzzy sets, the characteristic function of the elements is 
catted the membership function which is to take value out of an in
tervaL [0, l] continuously. The membership function can take the nor
mat distribution or other type. 
\llhen we apply the fuzzy evaLuation method to a system dynamics mo
del, 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, .... r,"} co 
If there are n factors, then there is a fuzzy matrix 

[
§..] [r •• r ..... r."] 

£ = ~ = r:. 1 r:u ... r:"" 

R. r •• r.. r." 

( 4) 

""' \llhere R is catted the single factor fuzzy evaluation matrix. 
The atTotation of the weights for the factors is a fuzzy subset A on 
the factors set U N 

~ = { a. a. ·.. a. ) ( 5 ) 
and have 

n 
E a, = l ( 6) 
i=l 

The result of the syntheticaL evaLuation is a fuzzy matrix 
B=A:B (7) 
fV ,.. "' 

\llhere the sigh • means the multiplying operation of the fuzzy ma
trix. In more detaiL, B is a fuzzy relation between the factors set 
U and the evaLuation set V. The fuzzy synthetical evaLuation is to 
find the fuzzy subset ~on the evaluation set V in the given weight
ed conditions through the fuzzy mapping !· The steps of the multi
plying operation for the fuzzy matrix are. simi tar to the common ma
trix operation, namely 

b 1 J = max m i n [a, k 1 r k ,I l = v r a, k 1\ r k ,1 1 (8) 
k k 

\llhere the sigh 1\ and V represeitts 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 fottows: 

(1) Give the testing data of the model; 
(2J Let the evaLuation grade of the vatitidy; 
(3) Let the grade standard of each test; 
(4J Calculate the testing accuracy, 
(5) Calculate the membership r,. for evaluating each test; 
(6) Constitute the fuzzy matrix 81 
(7) Let the weighted matrix A; 
(8l Find the evaLuation result ~-

According as the result of the first Level evaLuation, then the 
fuzzy ~valuation in second and third Level are determined by the 
same me tlwd. 
The computer fLow chart for three tevel·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 iA a region as foLlows: 

( l) First Level evaLuation 
BL =(0.2574 0.7602 11.0420 0.11010 0.00011) s· =(11.4721 0.45116 0.1410 o.nnoo 0.0000) s· =ul.288o u.74o3 n.ol32 o.11oo1 11.ooooJ 
B4 =<0.1512 11.7811 0.1032 O.OOUI 0.0000) 
B' =(0. :l57fi 11.6257 0. 0540 O.lll102 O.lllJIHll s· =<0.1041 o.921t u.o35o o.ooto o.11o11oJ 
B' = ( 0. 250 I 0. 7fi04 0.0420 0. 000 I 0. 0000) 
~· = < 0 • 2 0 7 :l 0 . 8 2 0 3 0 . 0 1 3 5 0 • 0 0 2 0 0 . 0 11 II 0 l 
!!," =<0.3512 0.6844 0.0240 0.0010 0.0000) 
~LD=(0.3427 0.7015 0.0150 0.0001 0.11000) 
~LL =(0.3054 11.7502 0.01211 11.0000 0.011110) 

(2J Second level evaluation 
B, =A, • !S 
- = < o. 215 o. 3 8 s o. 1s o. 15 o. , o >< 1r Ir ~· Jr [' ) • 

=(0. 3388 0. 6277 0. 0872 0. 00113 0. 0000) 
B.=~ • R. 
,.., =<o.:1s o.35 o.3oJ<B." !r ~· >' 

=<0.1861 0.7946 0.0311 0.0012 0.11000) 
B. =A. • R. 
""=(0.35 0.35 U.30J(jf ~,. Jt'l' 

=(0.3345 0.7101 0.0173 0.111104 0.0000) 
(3) Third level evaluation 

B =A· R 
,.. =(O. J75 0. 375 II. 25) (~, ~ ~ l' 

= ( 0. 2 8 0 5 11. 7 1119 II. 0 4 9 7 ll. 0 0 0 6 11. 110 0 0) 
Because 

, .. 
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Start 
I 

I Input testing data of model I 
I 

I Input grade standard of test I 
I 

I Compute testing accuracy I 
I 

I Compute membership of test I 
I 

I Constitute fuzzy matrix & I 
I 

I Find first level evaluation 
I 

~ no 

yes 
. 

I Input weighted matrix 1_, I 
I 

J Constitute fuzzy matrix~. I 
I 

I Find second level evaluation 
I B, =A, • R, 

"" - ~ 

<$>yes no 

J Input weighted matrix ! I 
I 

· I Constitute fuzzy matrix! I 
I 

I Find third level evaluation 
!!=~·~ I 

I 
I Normalize eva~uating result J 

I 

End 

Figure 2 The computer fLow chart of 3-level fuzzy evaLuation 
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m 
:E b.= 0. 2805 + 0. 7109 + 0. 0497 + 0. 0006 + 0. 00011 = 1. 0417 
j =I 

I ought to be normalize 
~~=(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 modets.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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