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Abstract: In this paper a voting algorithm is presented to mine the optimal ingredient pattern of Chinese medicine.
First this paper visualizes the data about the curative effect of different prescriptions of Chinese medicine
ingredients on several cardio-indexes. Then the features about the curative effect from the curves generated by
visualizing the data are extracted. Finally, a voting algorithm is adopted in which votes are held in three stages: the
preliminary vote generates the features of each test group and cardio-index by each sample; the metaphase vote
obtains the value of the curative effect by each feature of the given group and index; the final vote mines the
optimal ingredient pattern. Experimental results show that the method is effective for the kind of problems and
instructive to clinic medicine experiment. Its potential applications include the development of new medicine,
optimal combination investment of venture capital and gene series analysis etc.
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1 Introduction

A formula of a traditional Chinese medicine consists of corresponding herbs with a suitable dosage, which
includes a principal herb producing the leading effects, an assistant herb increasing the effects of principal herb, an
adjuvant herb treating accompanying symptoms or eliminating drastic actions of the principal and assistant herbs,
and a dispatcher herb leading the other herbs to the affected site or coordinating the effects of various ingredients.
On bases of definite diagnosis and therapy, syndrome differentiation, and the principle of herb cooperation and
proper preparation form, a formula has so cooperative effects of herbs that it can increase the curative effects
through additive and synergetic effects or decrease the toxic and side effects of a single herb through mutual
restraint and antagonism''l. The compatibility of a single herb includes synergism, assisting, detoxification or
restraint, antagonism, increasing toxicity!™. By adjusting compatibility of a formula through the modification of
assistant and adjuvant herbs, preparation forms and dose, it is more suitable to complicated diseases. For example,
minor purgative decoction with rhubarb 12g as principal herb, immature bitter orange 9g as assistant herb, magnolia
6g as adjuvant and dispatcher herb, has an effect of purging heat and easing defecation and is indicated for excess
syndrome marked by tidal fever, delirium, constipation and abdominal pain etc., while magnolia three ingredients
decoction with magnolia 24g as principal herb, immature bitter orange 15g as assistant herb, rhubarb 12g as
adjuvant and dispatcher herb, has an effect of activating vigor and easing defecation and is used for abdominal
distention!"!,

However, the modification of a dose or ingredients of a herb in a formula of Chinese medicine is myriad, so it
is important to find an efficient method for mining the optimal ingredient pattern of a given formula or predicting a
new formula. Some work has been done toward this goal. For example, Zaptron System, Inc. has carried out the
research about the optimization of new drug exploration from Chinese herbs™!.

This paper presents a method based on a feature extracting and voting algorithm for mining the optimal
ingredient patterns of formula of Chinese medicine. Its potential applications include the development of Chinese
medicine or compound of Western medicine, optimal combination investment of venture capital and gene series
analysis etc.

The first contribution of this paper is the method for extracting the features about the curative effect of
different prescriptions of Chinese herbs. In Ref.[5], a distribution algorithm was presented to select feature subset
for medicine data. In Ref.[6], the co-location pattern discovery process was used to mine the subset of features.
Bojarezuk et al. presented a constrained-syntax genetic programming method for mining classification rule from
medical data'”. Lavrak introduced data mining techniques in medicine!™. In this paper, we extract feature based on
some rules about curative effect. We first preprocess the data by sub-sampling, visualizing, normalizing and
smoothing etc. Then we construct the data model in the feature space to mine the optimal prescription pattern
evaluated by test sample set. Finally, we represent the mined pattern by some visual technologies.

The second contribution is to present a 3-stage voting algorithm for selecting the optimal prescription from all
the candidates. In the voting algorithm, votes are held in three stages. In the first stage, each sample is considered to
be a voter while the feature vector of each cardio-index is as the ballots of the voter. In the second stage, the test
groups of Chinese medicine for each cardio-index are viewed as candidates and the features of each index are as a
voter. In the third stage, the test groups of Chinese medicine are viewed as candidates and each cardio-index is as a
voter.

This paper is organized as follows. In Section 2, we model the data about the curative effect of formula of
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Chinese medicine. The method for mining the ingredient pattern is represented in Section 3. The results of

experiments are given in Section 4. Finally, we discuss the conclusions of the method in Section 5.

2 Data

2.1 Data acquisition

Our data come from Tianjin University of Traditional Chinese Medicine. The herbs of the formula for curing a
cardiopathy are composed of Red Sage Root and Notoginseng with the proportions: 10/6, 10/3, 10/1, 1/1, 10/0,
0/10, 1/10. As a comparison to the proportions, the western medicine named “Eliminating-cardiodynia” and the
model of compound and pseudo-surgery are designed to test the cardio-index of all samples. The samples tested are
dogs with some conditions controlled. The cardio-index tested can be classified as five kinds. The first kind denotes
the intuitionistic index about anemia of cardiac muscle, including £S7 and NST based on cardiograph of epicardium,
morphology of anemia in left-cavity of heart and whole heart, CKMB and CTNL based on biochemical index of
anemia. The second kind is such key cardio-index as blood stream of coronary artery and oxygen wastage of cardiac
muscle. The third kind indicates the index about kinetics of blood stream such as cardiotach, average pressure of
artery, peak value and maximum raise ratio of inner pressure in left cardio-cavity, pressure of dilatation in left
cardio-cavity and maximum decline ratio of inner pressure in left cardio-cavity, blood output and index of heart,
resistance outside blood vessel and work index of left cardio-cavity. The fourth kind includes CO,, endothelium
element. The fifth kind is such freeradicals as SOD and MDA. The data are sampled from 10 test groups including
seven proportion groups and three comparison groups mentioned above. In each group, cardio-index are sampled at
most in seven points of time for each sample. The seven points of time are respectively the point before the dog is
ill, the 30" minute after ill, the 30", 60", 90", 120", 180" minute after the dog took the Chinese medicine.

2.2 Data model

Data variable. In order to describe more easily the data above, we define four variables to denote the different
dimensions of the data: the variable g indicates the test groups with the range of value in [1,10], the variable §
indicates the samples, the variable x indicates the cardio-index with the range of value in [1,25] and the variable t
indicates the points of time with the range of value in [1,7]. Here, g=1 denotes the model of compound; g=2 the
western medicine “Eliminating-cardiodynia”; g=3 pseudo-surgery and g=4,...,10 the proportions of Red Sage Root
to Notoginseng 10/6, 10/3, 10/1, 1/1, 10/0, 0/10, 1/10 respectively. As to variable x, x=1,...,8 indicate respectively
the anterior eight kinds of cardio-index while x=11,...,24 indicate correspondingly the posterior fourteen kinds of
index.

Data function. Based on above defined variables, we further define the function d(g,s,x,f) to express the data
sampled by the given test group g for each sample s about cardio-index x in the point of time .

Rule function. For each cardio-index, there is a rule to evaluate the data of the curative effect. For example,
the rule for the cardiograph of epicardium is that the larger is the value of the data, the more serious is the degree of
anemia of cardiac muscle; the rule for blood stream of coronary artery is that the higher the value, the better the
state of the heart; and the rule of average pressure of artery is that the result is good if the effect of drugs on it is

small. We define a function r(x) as follows to express the rule of curative effect about cardio-index x:

—1, if the smaller the data, the better the state of the heart
r(x)=40, if the smaller the change of the data, the better the state of the heart (1)
1, if the larger the data, the better the state of the heart

Based on the above formula, we get the rule values about all the cardio-indexes, as shown in Table 1 where x

© hEE

AT hupy/ www. jos. org. cn




F R — A R T 2 R AR T A5 IR GG 3B R TRk ok 1885

denotes cardio-index while r(x) indicates the rule value of x.

Table 1 The value of rule about each cardio-index

x 1 2 3 4 5 6 7 8 11 12 13
(x) -1 -1 -1 -1 -1 -1 1 -1 0 0 1
x 14 15 16 17 18 19 20 21 22 23 24
(x) 1 -1 1 1 1 -1 -1 1 -1 1 -1

Sampling vector. Because of the points sampled are different for each cardio-index, we design a
vector § ( ,y for each index x to express its states of sampling in seven points of time:

S(x) = {by (x), by (), by (%), by (%), bs (), by (x), by ()} )
ébl (x)by (x)b3 (x)by (¥)bs (x)bs (x)b; (x)

where bi(x) (i=1,...,7) denotes whether the index x is sampled in the point of time =i (i=1,...,7), as given in
expression (3):
0, if not led
b,(x) =0 " TENSEX @ (=1, 7) 3)
1, if sampled
And we use n,(x) to denote the sampling number of the index x:
7

n(x)=Y b, (x) )

i=1

The sampling vector and the sampling number of all indexes are shown in Table 2.

Table 2 The sampling vector and number about each cardio-index

x 12,7,11~17 34,6 3 18~20 521~24
S (x) 1111111 1000000 1110100 0111111 0110000
n,(x) 7 1 4 6 2

3 Method

3.1 Feature extraction

To describe and cluster the data validly, we design a feature vector as follows:

ﬁ(g,s,x)z oo i1 S5 Sors Sros Fars Faos Sars Fsos Ssis Sso S5 Frod Q)

where fio, 20, f30, fao and fso denote respectively the change of the curative effect in the 30" minute, during the
periods from the 30" to the 60" minute, from the 60" to the 90" minute, from the 90" to the 120" minute and from
the 120" to the 180™ minute after the dog took the Chinese medicine and fi1, fa1, f31, fa1 and f5; denote respectively
the change ratio of the curative effect during the above five periods. f5o and f;, indicate respectively the change and
change ratio of the curative effect during the period from the beginning time when the dog is ill to the 180™ minute
after it took the new medicine. f5, denotes the fluctuant ratio of the curative effect during the period from the 30™
minute to the 180™ minute after it took the Chinese medicine. For different cardio-indexes, because the sampling
vector is different, the expressions for the same feature are also different in the following formulae.

—‘d(g,s,x,i +2)—=d(g,s,x,i+1),r(x) =0Ab,,(x) =1Ab,,(x) =1
r(x)*[d(g,s,x,i+2)—d(g,s,x,i +1)]r(x) #OAb,,(x) =1Ab,,(x) =1
r(x)*d(g,s,x0),r(x) = 0An,(x) =1

0,0Other

Jo)= (i=1..5 (6)
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d(g,s,x,i+2)—d(g,s,x,i+1) (25520 A b () =1 A ()=1
fa@=1  d(gs.x))-d(gsx2) (i=1..5) ™

0,Other

—|d(g, s,x,7)—d(g,s, x,2)|,r(x) =0
Jeo(®)=37r(x) *[d(g,s,x,t) —d(g,5,x,2)],r(x) 2O A b,(x) =1 A b/.(x) =0 (j=t+1..)) ®)
0,0Other

- d(g,s,x,7)-d(g,s,x,2)

d(gosxd)—d(gsa) D70

>S5, X,1) = 58, X,

Ja=1 (g sgx 0-d(g sgx 2) ©)
d(g,s,x])-d(g,s,x,2) 7= 0B () =108, () = gl 1+ D

ZT:\d(g,s,x,t)fd(g,s,x,tfl) #(x)=0Abp(x)=1Ab,;(x)=0 (j=T+L..7)
P
6
Jr()= %‘ézsgn([d(g,s,x,t)—d(g,s,x,t—1)]*[d(g,s,x,t+1)—d(g,s,x,t)]), (10)
=
r(x) 20Ab,(x)=1Ab;(x)=0 (j=t+1..,7)
0,Other

To express intuitionally the formulae mentioned above, we take >.ST (the cardiograph of epicardium) for an
example. Based on the visualization technologies'™, we get the graph shown Fig.1, from which we can calculate the
feature functions about curative effect of the comparison group of western medicine on 28T of the 5™ sample, see
Table 3.

Table 3 The feature functions of ST (x=1, g=2, s=5)

Name Sio(1) Su(l) S(1) Sa(1) Sao(1) S
Expression AB| |ABJ/|OA IBC| IBC/|OA] ICD| ICDJ/|OA]
Name Jao(1) JSa(1) Sso(1) Ssi(1) Joo(1) Jo1(1)
Expression _DE|  —|DEJJOA] IEF| EF)/|OA |AF| |AF/|OA]

According to f1o(1)>0, f20(1)>0, f30(1)>0, f10(1)<0, f50(1)>0, there is one turning point (5,100) in this curve. So
Fro(D=1/2=(1+1-1-1)/8=1/2.

R BB

1 2 3 F] 5 = 7
Point of time sampled ()

Fig.1 The curve about the comparison group of western medicine (g=2)
3.2 Feature normalize

Given a cardio-index x of a given sample s, we define a matrix M(s,x) to describe its feature vectors of all test

groups.
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M(s,x) = {F"(1,5,x),FT(2,8,%),... FT(10,5,x)} = {m._,i €[L,13],j €[L,10]} (11)

]2

where F7(g,s,x)(g = l,..,10) is the transpose of F(g,s,x) .

For each feature i, we get the maximum and minimum of all test groups my.(7) and my;,(7), and then obtain

the normalized matrix M'(s,x):

m .. (i) = max{ M ey My 0§50 €[1,13]
my (D) =min{m; .., m; ,},i€[1,13]

m,  —m_. (i)
= = mmax (l) > mmin (l) 5

M’(S,)C) = ml’j = mmax (l) _mmin (l) ’ L E [1’13]’] < [1’10]

1’ M pax (l) = Myin (l)

3.3 Voting algorithm

(12)

(13)

(14)

The voting algorithm is a well-known and widely used method for achieving fault-tolerance in distributed

systems®'""'2!. To select the optimal prescription from all the candidates, we present a different voting algorithm. In

this algorithm, votes are held in three stages.

The first stage (Preliminary Vote):

Candidates: each feature f; of each test group g for the formula of the Chinese medicine for each cardio-index x

Voter: each sample s tested

Weight of voter: w,(s) sit. Z w(s)=1, where s is the number of the sample

s

Ballot: the value of feature fi(g,x)

Input: the feature vectors based on the sample for each test group g to each index x: {fi(g,s=1,x),...}

Output: the results voted by all samples for each feature f; of each test group g
Method:

1) for each cardio-index x{

2) for each test group g{

3) for each feature f; {

4) for each sample s

5) vote with its value of feature fi(g,s,x);
6) get the ballot  f,(g,x)=>"w(s)* f,(g,5,%) ;
7) H

8) b

9) for each feature voted with the ballot f;(g,x)

10) normalize f(g,x);

11) store fi(g,x) to database for each group and each index;
12) }

The second stage (Metaphase Vote):

Candidates: each test group g; for each cardio-index x

Voter: each feature f €{f\g,/11»f200f215fs00 31 S0 Sars S50 S510 So00 fo10.Fr08
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Weight of voter: w, (i) s.t. ) w,(i)=1, where i is the number of the feature

i

Ballot: the value of the curative effect /' ;(g,x) after normalized
Input: the ballots {f;(g.x),i[1,13]} gained in the first stage of all features for each index x and each test group g

Output: the value v(g,x) and grade c(g,x) of the curative effect voted by all features for each index x and each test

group g

Method:

1) get f'(g,x) by normalizing f(g,x) with Eq.(14)

2) for each cardio-index x{

3) for each test group g{

4) for each feature f;

5) vote with its ballot f',(g,x) of the first stage;
6) get the ballot v(g,x)= sz @)* f(g,x);

7) get the grade c(g,x)=round(v(g,x)/0.2+1);

8) }

9) store v(g,x) to database for each index and each group;
10) }

The third stage (Final Vote):
Candidates: each test group g;

Voter: each cardio-index x

Weight of voter: w,(x) s.t. D wy(x) =1, where x is the number of the cardio-index

X

Ballot: the value of curative effect for each cardio-index x and test group g;
Input: the value v(g,x) generated in the second stage for each index x and each test group g

Output: the final result u(g) of each test group g and the number of the optimal test group

Method:

1) for each test group g{

2) for each cardio-index x

3) vote with its ballot v(g,x) of the second stage;

4) get the total ballot of group g: y(g) = > wy (x) *v(g, %) 5
5) normalize result; )

6) )

7) get the optimal pattern of ingredient proportions;

8) hypothesis testing for the optimal pattern;

9) clustering analysis based on the distance between indexes;

4 Experiments

We first get the results of the preliminary vote about each cardio-index and test group as shown in Table 4.
Then we get the results of the metaphase vote about each index in Table 5. Finally, we get the results of the final

vote in Table 6.

© e

http:/ www. jos. org. cn




E R — A R T 2 R AR T A5 IR GG 3-I B R TRk ok 1889

Table 4 The result of the preliminary vote (x=1, g=1)

The Preliminary Yote: samples as woters and features as candidates (x=1, z=1

anpl eflo| £10 f11 £20 £21 £30 £31 £40 £41 £50 £51 £70

010101 |86 0032 (-1.75 |-.0085-2.09 |-.0077|-1.61 |-.0059|3.84 |.0142 |0

p |010102 |-1.1T7 |- 0046|-5.85 |- 0Z32|T.6 .03 -3.56 |-.0141 |-4.16 |- 0164 |.5
010103 |-.54 |-.0029)-1.08 |-.0037(-8.52 |-.0294|-.04 |-.0001(3.22 | 0283 [ 25
010104 |-1.58 |-.0059|-1.82 |- 00BT|-9.93 |-.037 (2.6 |.0102 |-4.5 |-.0167[.25
010105 |-4.61 |-.0164|-1.54 |-.00S5|-. 04 -.003 |-6.24 |-.0283|19.46 |.0893 |.25
Vaote -1.465 |- 0054(-2. 41 |-.0033-2. 766 |- 0101|-2 138 |-.0073 |[4.5T6 | 0168 |. 25

Table 5 The result of the metaphase vote (x=1)

The Metaphase Vote: features as voters and groups as candid
Criterion/FeaturefolModel |WestDrug|Surgery |FroplO 6|FroplO 3|Fropll 1|Fropl 1 [Fropl0 0/Fropl 10/Fropl 10
p 01 £10 1444 5797 [ 1745 [.T948 |1 1] 0382 [ 1737 [.07T98 | 1BTE
01 £11 1552 [.5B45 [, 1859  [.801 1 a (0BS54 1853 080T | 179l
01 £20 1885 |1 L2817 | 2459 [ 1725 [B25E [0 .63 3082|256
01 21 coig 1 L2788 . 2B14 . 1868 . BE4Z o . BEE4 3333 2728
01 £30 o .T94 . 0922 LATTY L L8145 0108 . 8951 226 L1146
01 £31 o 7201 0342 5075 1 8741 0103 916 2444 1175
01 £40 o i 0413 B524 4612 234 1926 B10B 1058 0566
01 f41 0 i 0445 T34T 486 2635 2085 B553 1204 061
01 50 1286 i 0131 TETE 8434 8792 3045 4958 0 111z
01 51 1383 9985 0154 BETR 8831 1 3321 5391 0 1222
01 £70 5 0 [i} 1 1 = 5 BEl 1 o
01 vaote 1212 [.Ti61 . 1001 (5892 |.BB98 [ 4896 [ 1401 |.5229 |.2082 . 1632

Table 6 The result of the final vote

The Final Vate ecardic-index as woters and group as candidates
Criterion|Weight Model Westlrug | Surger FroplO 6 |Propll 3 |Fropll 1|Propl 1 |Propi0 O |Propl 10|Frepl 10
p |01 085 1212 Ti81 1001 5892 BROS 4898 1401 5229 2052 1832
0z . DES 0833 L8333 o L2978 L3283 . 2448 2091 L3138 0833 . 2305
03 . 0es o . 0459 0833 . D49z D483 L0373 0356 . 0358 0327 L0415
04 085 1] 08635 1429 o752 0748 0542 0575 0545 0368 080&
05 03 0 0RS4 0333 073 0545 o705 O5BE OBBE 0392 0831
08 .08 o L0717 0833 . DE4T . 0559 . 065 o733 L0715 05z 039z
oT Lor . 1582 L3421 3245 . 4849 . 5449 . 289 944 L3087 4472 L4431
0g o7 o 1893 0837 0996 o751 1653 1175 0zza 1392 049
11 . 0s5 . 4152 L4T1S E953 L5424 . GEDS . 4928 5355 . 5401 4436 . 3759
iz . 035 .B3ZE 417 579 . 5569 . 4685 . 506 5349 . 5241 B0LT 5327
13 0ss 5805 4259 2531 3649 3253 3158 5425 3584 5056 491
14 055 0447 45818 5723 B299 SEBE 4774 5&14 4974 3TEE 5389
15 .03 . 1855 .E5TSE E313 .B194 .B204 LBELZ 5S4z k] 5369 L4731
18 .03 L2539 L4243 4905 L AT36 . DEBS . 5095 553 . 4479 3942 . 5176
17 03 3285 5335 3013 SBEE 4415 3TBZ 5272 3889 5803 4142
18 03 5385 BTSS BO09 BTES BR34 BZ43 Baz1 Bod4 BTBZ BSE
19 . 00s 438 . B95T 554 . 6979 . TEEE .B19 5246 . B41T 7633 . B4Z8
20 . 005 LBE1T . Toog BETT . 5907 . T412 . BE0Z B5EZ . B935 STBT . BE43
21 o025 08335 1522 12586 1467 1087 1BBT 1159 1558 1594 177
22 . Dozs D833 148 1EET . 1008 . 1308 . Des2 1304 L1383 1575 . D889
23 . D025 . 0833 . 1595 1432 . 0934 - 1BET . 1555 1315 L11TE 1222 12T
21 . Dozs 0833 L1327 1445 . 1407 L1207 .12z 1524 - 1BET 14589 . 1569
Yote 1 41493 9. 1285 B 3352 5 2718 & Z87R T. 0343 |T.213 T 2825 B 4719 £ 5038

Through experiment, we have mined the optimal ingredient pattern for the formula of the traditional Chinese
medicine with the proportion 10/6 of Red Sage Root to Notoginseng, as shown in the last row of Table 6. From
Table 6, we can also get the similar relation between the cardio-indexes about the curative effect of all test groups.
The Euclidean distance between the cardio-indexes with the subscripts i and j is shown in the following Eq.(15) and

the similar coefficient of the two cardio-indexes is calculated by the following Eq.(16).
10
D, =sqrt (Y [v(g,i) —v(g, NI (15)
g=1

R, =1- D, —min{Pii} (16)
max{D;}-min{D;}

If the two cardio-indexes with the subscripts i and j meet the condition R;=1, we consider them the same on the
curative effect. By calculation, the cardio-indexes with the subscripts 3,4,5,6 are the same and so are the
cardio-indexes with the subscripts 21,22,23,24. We can only use one index to replace them respectively. From the
medical view, the similar relation can be understood easily because the former similar relation denotes the similar
effect of the indexes about anemia while the latter similar relation denotes the similar effect of the material indexes.

To evaluate the ingredient pattern mined by the method, we use some test samples to compare the curative

effect of all test groups based on hypothesis testing and expert knowledge. Through evaluation, the percentage of
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correctness reaches 100%.
5 Conclusions

In this paper, we present a method based on the feature extraction and voting algorithm for mining the optimal
ingredient pattern about formula of traditional Chinese medicine. In this method, we first visualize the data with the
curves from which we can extract some features from data about curative effect of formula of Chinese herbs in
different sampling points. Then, we calculate all features for each test group and each cardio-index of each sample.
Finally, we adopt the voting algorithm to mine the optimal ingredient pattern of Chinese herbs in which vote is held
in three stages. In the first stage, a preliminary vote is held for each sample to vote the features of the given
cardio-index and test group. In the second stage, a metaphase vote is held for each feature to vote the test group of
the given cardio-index. In the third stage, a final vote is held for each cardio-index to vote the test group. From the
result of the final vote, we can get the optimal pattern. Through experiment, the method is validated with the

percentage of correctness 100% for mining the ingredient pattern.

Acknowledgement: We thank Professors Jiaxin Wang and Yannan Zhao at our laboratory and Professor Guoan
Luo at the Chinese Medicine Laboratory of Tsinghua University for giving me the chance to investigate this
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