
 

 

1 INTRODUCTION 

Nowadays, the pace of population aging in China is 
speeding up. It is now faced with a high morbidity 
brought by population aging in spite of the improve-
ment of people’s living standard. The overall medical 
level in China is undeveloped and imbalanced. Thus, 
the society must pay attention to the national health 
level. The population aging further increases the de-
mand for medical services, medical facilities and di-
agnostic accuracy. It needs to be solved urgently in 
China that most rural areas and communities can have 
a convenient and high-quality hospital environment. 
Effective means of treatment can be realized by estab-
lishing a diagnostic database and diagnostic models. 
Internal medicine diagnosis provides patients with 
better services through the assistance of intelligence 
knowledge base and the judgment of physicians, and 
achieves the fast and accurate treatment.  

Intelligent auxiliary diagnosis and treatment system 
is a system established on the basis of long-term expe-
rience and conclusion. This system provides physi-
cians with all kinds of diagnosis and treatment results, 
judges and automatic analysis, and assists physicians 
when they diagnose. Establishing a correct mathemat-
ical model algorithm is an important part of the system 
in determining diagnostic results intelligently. In the 
1970s, a great deal of studies has been carried out in 
Chinese medical diagnosis. The “expert system of 
Chinese internal medicine diagnosis” is a key project 
of the state. Major mathematical models of the diag-
nostic system include fuzzy mathematics, neural net-
work, and expert system and so on.  

Based on previous studies, this paper carries out a 
study on the internal medicine diagnosis assisted by 

intelligence knowledge base. Patients can be treated 
with the use of the knowledge database and the 
mathematical model of hierarchical analysis. Physi-
cians can rapidly finish diagnosis with the assistance 
of this system, realize process of matching diseases 
through quantized values of the mathematical model 
and provide physicians with assistance. 

2 MATHEMATICAL MODEL OF INTERNAL 
MEDICINE DIAGNOSIS 

Saaty, a famous American scholar, proposed a system 
of hierarchical mathematical analysis method which is 
combined with the quantitative and qualitative analy-
sis and the subjective and objective analysis, namely 
the analytic hierarchy process (AHP). The core of the 
algorithm is the calculation of weight. It is especially 
suitable to solve multi-objective problems and deci-
sion problems of complex systems. The algorithm is a 
strong mathematical method that converts problems 
into quantitative studies. This paper will apply the 
system in internal medicine diagnosis; establish a 
model of hierarchical analysis for diagnosis, make 
data comparison through existing empirical data and 
express diagnostic results with quantized values so as 
to diagnose internal medicines. Characteristics of the 
analytic hierarchy process include simple ideas, dis-
tinct structure and wide range of application. The an-
alytic hierarchy process has been widely used in vari-
ous areas to solve practical problems. It can be divided 
into three processes: the establishment of hierarchical 
structure, the construction of judgment matrix, and the 
hierarchical ordering and consistency check. The flow 
chart of the calculation is shown in Figure 1.  
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Step-1 Establishment of hierarchical structure 
There are usually three layers in a hierarchical 

structure of AHP. First, the objective layer (S) means 
the final goal or the final result of a problem. Second, 
the criterion layer ( f

m
) means the requirement and 

standard of a problem. Third, the scheme layer ( p
n

)
means all methods for solving a problem.  

Step-2 Construction of judgment matrix 
It is supposed that there are n factors 
� �, ,

1 2
C C C C

n
� �C

n
 of the next layer in a hierarchical 

structure having influence on objectives or criteria of 
the former layer. Thus, we make a comparison be-
tween any two factors and express the comparative 
results with quantized values. For example, the im-
portant comparison is made between Ci and Cj, and the 
structure is expressed by a

ij
. The judgment matrix A 

can be acquired after the comparison of all factors, 
which is expressed as follows.

Where, values of a
ij

 are expressed with numbers 
from 1 to 9 and their reciprocals. After studies, Saaty 
believes that it is psychologically in accordance with 
people’s judgment if scales from 1 to 9 are used to 
represent comparative structures. Meanings of num-
bers are provided in Table 1.  
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Step-3 Consistency check and weight vector calcu-
lation 

The definition of a uniform matrix: As for the ma-
trix � �

*
A a

ij
n n

� , if elements satisfy a a a
ij jk ik

�  , the 
matrix is a uniform matrix. In this situation, 0a

ij
� and

1/a a
ij ji
� . The inconsistency of the matrix is required 

to be acceptable in order to calculate the weight of 
factors. The consistency indicator of the judgment 
matrix is CI and the consistency ratio of the judgment 
matrix is CR. The calculation method is shown in the 
following formula:  

max
1

n

CI
n

� 

� 


In this formula, n stands for the order of the judg-
ment matrix, namely the number of comparing factors:  

RI

CI
CR �

Where, RI stands for the value of Random Con-
sistency Index, shown in the Table 2.

When 0.1CR � , the judgment matrix is incon-
sistent, it means that the judgment matrix needs to be 
adjusted. When 0.1CR� , the inconsistency of the 
judgment matrix is within an acceptable range, which 
means that the next step of calculation can be pro-
ceeded so as to calculate the hierarchical total se-
quence and organize the consistency check.  

Figure 1. Logic diagram of hierarchical calculation.

Figure 2. Structure of the analytic hierarchy process

Table 1. Meanings of scales from 1 to 9 
Scales Meanings 

1 Both factors are equally important
for the objective

3 The former factor is slightly more 
important than the latter one

5 The former factor is more important 
than the latter one

7 The former factor is more important 
than the latter one

9 The former factor is extremely more 
important than the latter one

Even numbers The importance is between the two 
uneven numbers

Reciprocals The order of positive and negative
comparisons of factors 
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Let us suppose that the value of m factors in layer A 
is

m
� , the corresponding consistency indicator is CI

m
,

and the weight of n factors of the layer B in layer A is
nm
� , then the total ordering weight of the layer B is 
shown as follows:   
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The consistency ratio of the consistency check is 
shown as follows:
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There are many methods for the calculation of 

weight vectors of the judgment matrix, including the 
definition calculation, the computer iteration, the 
power method and the summation method. The sum-
mation method is relatively simple. Let us suppose 
that the weight vector of n factors of the judgment 
matrix is shown as follows:    

),,( 321 n
wwwwW ��

(1)The judgment matrix can be expressed as fol-
lows:
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Steps can be concluded according to the property of 
the matrix 1. The matrix D can be obtained through 
the normalization of all column vector of A:  
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(2)The matrix E can be obtained by calculating the 
sum of each line of the matrix after normalization:  

� �T
n

DE ��� 1111 �

� �T
n

eeeE 11211 ��
(3) Normalization of the matrix E, namely the 

weight vector: 
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(4) Calculation of the maximum eigenvalue:  
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3 AHP SIMULATION OF INTERNAL MEDICINE 
DIAGNOSIS  

In this paper, the target layer (T) of the hierarchical 
model of internal medicine diagnosis is the illness 
condition diagnosis of patients. The criterion layer 
(Cm) is the criteria for illness condition diagnosis and 
symptoms of patients. The scheme layer refers to po-
tential diseases of patients. The hierarchical structure 
is established according to Table 1 which is shown in 
Figure 3. The simulation is conducted with four fac-
tors of criterion and five diseases.  

3.1 Weight calculation on the criterion layer  

According to the hierarchical structure in Figure 3, we 
will construct a judgment matrix and calculate the 
weight of criterion and consistency check indicators. 
Results are shown as follows:

3.2 It can be concluded that 1.0�CR from the afore-

mentioned results and the matrix is checked as 

well.Determination of the weight of the scheme 

layer and implementation scheme  

According to the importance of different schemes on 
the criterion layer, we construct a judgment matrix and 
carry out the consistency check. Afterwards, we cal-
culate the weight of the scheme layer and use a rea-
sonable method of implementation. The test value of 
each judgment matrix is 0.1CR � , and the consisten-
cy test value combined is 1.0�CR . 

Table 2. Values of RI 

n 1 2 3 4 5 6 7 8 9 10 11

RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 1.51

Table 3. Calculation results of the criterion layer

T 1C 2C 3C 4C 5C

1C 1 4 4 3 2

2C 1/4 1 1 1/2 1/2

3C 1/4 1 1 1/2 1/3

4C 1/3 2 2 1 1/3

5C 1/2 2    3    3 1
W 0.409 0.096 0.088 0.146 0.260 
� 5.116
CR 0.026
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Figure 3. Thee hierarchical structures of the diagnosis system

Table 4. Importance of weight of scheme P for the criterion C1
1C 1P 2P 3P 4P 5P

1P 1 7 3 8 2
2P 1/7 1 1/3 1 1/3
3P 1/3 3 1 2 1/2
4P 1/8 1 1/2 1 1/4
5P 1/2 3 2 4 1

W 0.474 0.066 0.150 0.065 0.245 

� 5.04
CR

0.009

Table 5. Importance of weight of scheme P for the criterion C2

2C 1P 2P 3P 4P 5P

1P 1 1/6 2 1/2 1/4

2P 6 1 9 4 2

3P 1/2 1/9 1 1/3 1/5

4P 2 1/4 3 1 1/2

5P 4 1/2 5 2 1
W 0.077 0.481 0.047 0.135 0.260 
� 5.03
CR 0.006
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Therefore, the consistency of the AHP judgment ma-
trix is in accordance with the calculation requirement. 
Then we calculate the final weight of the scheme 
through the hierarchical total order. And results are 
shown in the table as follows:   

Table 9. Total weights of the scheme layer  
Target 
layer

Scheme 
layer 

Weights Weight ordering 
of the scheme

Internal 
medicine 
disease 
diagnosis

Possible 
disease 1

0.29 1

Possible 
disease 2

0.17 3

Possible 
disease 3 0.15 4

Possible 
disease 4 0.17 3

Possible 
disease 5

0.27 2

In the internal medicine disease diagnosis of AHP, 
the calculation results of AHP suggest that the possi-
bility of disease 1 is 0.29, the possibility of disease 2 
is 0.17, the possibility of disease 3 is 0.15, the possi-
bility of disease 4 is 0.17 and the possibility of disease 
5 is 0.22. Disease 1 and disease 2 are diseases that 
need to be considered with more attentions. With the 
judgment of symptoms, physicians are able to obtain 
suggestions by inputting symptoms into the system. 
The mathematical model of AHP can be applied in the 
intelligence knowledge base to assist internal medi-
cine diagnosis.  

4 CONCLUSION  

In the realization of the internal medicine diagnosis 
system assisted by intelligence knowledge base, the 
analytic hierarchy process can be perfectly used to 

Table 6. The importance weight of scheme P for the criterion C3

3C 1P 2P 3P 4P 5P

1P 1 1/2 1/5 3 1

2P 2 1 1/2 5 3

3P 5 2 1 9 5

4P 1/3 1/5 1/9 1 1/2

5P 1 1/3 1/5 2 1
W 0.115 0.249 0.491 0.048 0.096895
� 5.03
CR 0.007

Table 7. Importance of weight of scheme P for the criterion C4

4C 1P 2P 3P 4P 5P

1P 1 1/3 3 1/4 3

2P 3 1 5 1/2 5

3P 1/3 1/5 1 1/8 1

4P 4 2 8 1 7

5P 1/3 1/5 1 1/7 1
W 0.134 0.287 0.054 0.470 0.055442
� 5.06
CR 0.014

Table 8. Importance of weight of scheme P for the criterion C5

5C 1P 2P 3P 4P 5P

1P 1 3 5 7 1/3

2P 1/3 1 2 2 1/9

3P 1/5 1/2 1 3 1/6

4P 1/7 1/2 1/3 1 1/9

5P 3 9    6 9 1
W 0.258 0.088 0.076 0.040 0.538549
� 5.233
CR 0.052
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calculate symptoms of patients through quantized 
values so as to calculate final diseases. In AHP, it is 
required to set weight values of symptoms in different 
diseases through previous experience that are taken as 
the knowledge base, therefore, the knowledge in expe-
rience database can be rapidly adjusted by the system 
in a diagnosis and calculate weight values of patients’
symptoms. And weight values of symptoms can also 
provide physicians with experiences and suggestions 
in a diagnosis.  
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