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Abstract
Background and aim  China has used traditional Chinese medicine (TCM) to treat diseases for more than 2000 
years. Traditionally, TCMs in medicine cabinets are arranged alphabetically or on the basis of experience, but this 
arrangement greatly affects dispensing efficiency. However, owing to the unique properties and qualities of TCM, very 
few automatic approaches or systems have specifically addressed TCM dispensing problems. Therefore, it is necessary 
to establish a method of optimizing the traditional Chinese medicine placement scheme (TCMPS) via computer 
algorithms to improve the work efficiency of pharmacists.

Methods  A prescription dataset from a hospital in 2022 was obtained, and the association rule algorithm (ARA) was 
used to calculate the frequency of use for each type of TCM and the associations between different types of TCMs. On 
the basis of these association and frequency data, the optimal TCMPS was calculated using the simulated annealing 
algorithm (SAA) and then verified using the prescription dataset from 2023.

Results  A total of 10,601 prescriptions were collected in 2022, involving 360 different TCMs, and each prescription 
contained an average of 9.485 TCMs, with Danggui (3628) being the most frequently used. When the threshold of 
support was set to 0.05 and the confidence was set to 0.8, 78 couplet medicines used in orthopedics clinics were found 
through ARA. When the threshold value of support was set to 0, the confidence was set to 0, and the rule length was 
2, a total of 129,240 rules were obtained, indicating support between all pairwise TCMs. The TCMPS, calculated using 
SAA, had a correlation sum of 14.183 and a distance sum of 3.292. The TCMPS was verified using a prescription dataset 
from 2023 and theoretically improved the dispensing efficiency of pharmacists by approximately 50%.

Conclusions  In this study, the ARA and SAA were successfully applied to pharmacies for the first time, and the 
optimal TCMPS was calculated. This approach not only significantly improves the dispensing efficiency of pharmacists 
and reduces patient waiting time but also enhances the quality of medical services and patient satisfaction, and 
provides a valuable reference for the development of smart medicine.
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Introduction
Natural medicines have been extensively used for thou-
sands of years in many regions of the world, including 
China, India, Sumer, Egypt, and Greece [1–4]. China, in 
particular, has a history of more than 2000 years of uti-
lizing TCM to treat diseases and has developed a com-
prehensive theory of Chinese medicine. In recent years, 
TCM has played a significant role in the treatment of 
various challenging diseases, such as COVID-19, Ebola 
virus, and malaria, making it widely used in clinical treat-
ment and drug health care in many regions of the world 
[5, 6].

In TCM clinics/hospitals, pharmacists are responsible 
for dispensing TCMs for each patient’s prescription. Tra-
ditionally, the various TCMs in the medicine cabinet are 
arranged in alphabetical order or are based on experi-
ence. However, this arrangement often leads to prob-
lems. For example, when frequently used TCMs are far 
from each other in the medicine cabinet, they not only 
lengthen the dispensing process but also place a greater 
burden on the mental and physical health of pharma-
cists [7]. According to the latest report, 36.8% of phar-
macists’ negligence involves dispensing the wrong drug, 
whereas 15.3% involves dispensing the wrong dosage [8]. 
The most common reasons for dispensing errors include 
excessive work volume (21%), insufficient pharmacy staff 
(12%), time restrictions (11%), overwork (11%), and inter-
ruptions during the dispensing process (9.4%) [9].

In the field of Western medicine or concentrated 
extracts of TCM, numerous automated systems have 
been developed to reduce prescription error rates and 
improve the efficiency of pharmacists [10, 11]. However, 
owing to the unique properties and qualities of TCM, 
very few automatic approaches or systems have specifi-
cally addressed TCM dispensing problems [9], which has 
become a significant concern in TCM pharmacies and 
drug stores. Some researchers have introduced radio 
frequency identification technology in TCM dispens-
ing systems to double-check prescriptions and phar-
macy dispensing procedures to reduce the possibility of 
human error while ensuring the quality of dispensing [12, 
13]. This technology does not alleviate the workload of 
pharmacists; additionally, for many small- and medium-
sized TCM clinics/hospitals, the initial investment cost of 
developing such a system is high.

Therefore, this study aims to introduce ARA and SAA 
to improve the efficiency of drug dispensing. The ARA, 
which was the earliest association rule mining algorithm 
[14], can generate rules from a given dataset to describe 
specific relationships between variables. This algorithm 
was originally proposed for Market Basket Analysis, 

which was used to analyze the correlation between differ-
ent products [15]. Owing to the natural correlation and 
frequent itemset characteristics of traditional Chinese 
medicine prescription data, different traditional Chinese 
medicines are often combined for the treatment of simi-
lar diseases. ARA excels at mining frequent patterns and 
association rules between itemsets from large amounts of 
data, which is crucial for understanding the compatibil-
ity rules between traditional Chinese medicines. More-
over, ARA can provide intuitive and easy-to-understand 
rules, such as “if the prescription includes drug A, it is 
likely to also include drug B”. These rules not only help 
understand the compatibility logic of traditional Chinese 
medicine but also provide important input data for sub-
sequent optimization algorithms. By adjusting the sup-
port and confidence thresholds, ARA can flexibly control 
the quantity and quality of rule generation, making it 
easier for researchers to make adjustments according to 
actual needs. In addition, this algorithm has been applied 
to the TCM field. For example, Dong et al. utilized ARA 
to explore the medication patterns of TCM in the treat-
ment of aplastic anemia and identified core components 
such as Danggui, Huangqi, Shudihuang, and Fuling [16].

The optimization problem of TCMPS involves multi-
ple variables and complex constraints (such as the com-
patibility between traditional Chinese medicines and 
the frequency of their use), which makes it difficult to 
directly apply traditional optimization methods (such as 
linear programming and dynamic programming). SAA 
is a thermodynamic simulation annealing process that 
accepts solutions that are worse than the current solution 
with a certain probability, thus having the opportunity 
to escape from the trap of local optimal solutions and 
approach the global optimal solution. Random iterative 
heuristic algorithms can be divided into three parts: the 
objective function, the initial solution, and the solution 
space [17]. This characteristic is particularly important 
for solving TCMPS optimization problems with multiple 
local optima. The SAA algorithm does not depend on 
the specific form of the problem and has strong general-
ity, which can be applied to various types of optimization 
problems. Moreover, its robustness enables the algorithm 
to maintain good performance in the face of data noise 
or uncertainty. The SAA has asymptotic convergence and 
has been theoretically proven to be a global optimization 
algorithm that converges to the global optimal solution 
with probability. Therefore, the SAA is very suitable for 
solving such complex optimization problems. Zhao et al. 
implemented the SAA to reconstruct the position of air-
craft within the airport, reducing the distance traveled by 
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passengers by a total of 4512 steps and saving one stand, 
and the efficiency of stand use increased by 31% [18].

In summary, the selection of ARA and SAA as the main 
algorithms for this study is based on a comprehensive 
consideration of their good matching of traditional Chi-
nese medicine prescription data characteristics, ability to 
solve complex optimization problems, and the generality 
and robustness of the algorithms themselves. By combin-
ing the association rule mining ability of ARA with the 
optimization ability of SAA, the associations between 
traditional Chinese medicines can be first revealed 
through ARA, after which the optimal TCMPS can be 
more efficiently calculated through SAA. This combina-
tion strategy fully utilizes the advantages of both algo-
rithms, improving the effectiveness and practicality of 
the entire solution. This optimization enables pharma-
cists to dispense drugs more efficiently and accurately, 
ultimately reducing the pharmacist workload and mini-
mizing patient waiting time, and it significantly improves 
patient satisfaction.

Materials and methods
In this study, we propose a method for calculating the 
optimal TCMPS. This method uses the ARA to calculate 
the frequency and correlation between different TCMs 
in a dataset of TCM prescriptions. The TCMPS is opti-
mized by the SAA, which considers the total dispensing 
distance and total correlation degree, resulting in the 
determination of the best TCMPS. Finally, we verify the 
validity of the optimal TCMPS using a new dataset.

The overall framework of this study is illustrated in 
Fig. 1:

(1)	Collection of TCM prescription data and analysis of 
the frequency and correlation of each TCM via the 
ARA.

(2)	Calculation of the maximum and minimum total 
dispensing distances on the basis of the frequency of 
each TCM.

(3)	Calculation of the maximum and minimum 
total correlations via the SAA on the basis of the 
correlations between different TCMs.

(4)	Utilizing the SAA, the optimal TCMPS is 
determined by considering both the total dispensing 
distance and the total correlation.

(5)	Verification of the optimal TCMPS using a new 
prescription dataset.

The dataset of TCM prescriptions
The dataset was collected from a tertiary TCM orthope-
dics specialized hospital and included all TCM prescrip-
tions from January 2020 to July 2023. Given the objectives 
of this study, each data sample consisted solely of the pre-
scription’s identity number and the TCMs in each pre-
scription. No patient-related information was included. 
All the data were summarized in Microsoft Excel, and a 
TCM prescription database was established. The statisti-
cal analysis of the data in this study was conducted using 
Microsoft Excel, VOSviewer, and RStudio.

Visualization analysis
VOSviewer is a scientific cartographic tool that was 
developed by Prof. Van Eck and Prof. Waltman from 
the Centre for Scientific and Technological Research of 
Leiden University for visual bibliometric analysis, which 
is mainly used to analyze details such as coauthors, 

Fig. 1  The overall framework of the study

 



Page 4 of 12Zou et al. BMC Health Services Research         (2024) 24:1167 

countries, and keywords [19]. In our study, we employed 
VOSviewer to analyze and visualize the TCMs in pre-
scriptions. The TCMs in the prescriptions can be con-
sidered equivalent to keywords in an article when the 
prescription is treated as an article.

Association analysis
To analyze the association rules of TCMs in the prescrip-
tion, the Arules package in RStudio software was loaded, 
and ARA was used. The resulting association rules are 
expressed in the form of an implied expression X⇒Y, 
where X represents the antecedent item on the left-hand 
side (LHS) and Y represents the consequent item on the 
right-hand side (RHS). Each association rule was evalu-
ated using support and confidence.

Support, confidence, and lift are three standard met-
rics used to measure the association between TCMs in 
the ARA. The support represents the proportion of the 
associated data (LHS and RHS) that appears in the total 
dataset (N). The confidence is the conditional probability 
of data, that is, the probability of RHS appearing in a pre-
scription when LHS is present. The lift value indicates the 
probability of the simultaneous occurrence of RHS with 
LHS as a ratio of the probability of the overall occurrence 
of LHS. These three parameters statistically reflect TCM 
compatibility.

To obtain the core TCMs, we set the threshold of the 
support to 0.05 and the confidence to 0.8. When we set 
the threshold of the support and confidence to 0 and the 
length of the association rule to 2, we can obtain the cor-
relation between all pairwise TCMs. The support, confi-
dence, and lift are used to evaluate each association rule 
and can be calculated as follows:

	
Support (X => Y) = Support (X ∩ Y) =

Count(X ∩ Y)
Count (N) � (1)

	
Confidence (X => Y) =

Support (X => Y)

Support (X) � (2)

	
Lift (X => Y) =

Confidence (X => Y)

Support (Y)
� (3)

Establishment of the SAA model
Initial parameter setting
Medicine Cabinet Size: The medicine cabinet is typically 
a rectangular cabinet containing several compartments, 
each of which usually stores two types of TCMs, as 
shown in Fig. 2. Calculation of the Dispensing Distance 
for TCM: Pharmacists usually stand in the middle of the 
medicine cabinet to dispense medication, removing one 
TCM at a time and placing it on the front countertop. 
Therefore, the distance from each compartment to the 
center of the medicine cabinet represents the dispensing 
distance of each TCM in that compartment. Assuming 
that the coordinates of the center point of the medicine 
cabinet are K (a, b) and that the coordinates of a certain 
compartment are H (r, l), the distance from the TCM 
in the compartment to the center point is calculated as 
follows:

	 Di = |r − a| + |l − b| � (4)

Average distance dor each TCM dispensing
Suppose there is a TCMPS, where Di represents the dis-
tance from the TCM to the center point; Ni represents 
the number of occurrences of the TCM in the prescrip-
tion dataset; Pi represents the frequency of the occur-
rence of the TCM; and n represents the number of types 
of TCMs. The average distance for each TCM dispensing 
(Dave) is then calculated as follows:

Fig. 2  Schematic diagram of the medicine cabinet and weighing TCM operation
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Dave =

∑
n
i=1Di ∗Ni∑

n
i=1Ni

=
∑

n
i=1Di ∗ Pi � (5)

When the prescription dataset remains unchanged, the 
frequency of each TCM is also fixed; that is, Pi is a con-
stant value. When the maximum Pi corresponds to the 
maximum Di, Formula (5) yields the maximum value of 
Dave, represented by Dmax. Conversely, when the maxi-
mum Pi corresponds to the minimum Di, the resulting 
Dave is the minimum value, represented by Dmin. The 
average distance is then normalized as follows:

	
Dnormalization =

Dave −Dmin

Dmax −Dmin
� (6)

It is evident that the value of Dnormalization falls between 
[0, 1]. During the prescription dispensing process, it is 
usually expected that TCM can be dispensed as quickly 
as possible. Therefore, a smaller value of Dnormalization is 
preferred.

Total correlation between all tcms
According to the association rules in section “2.3”, each 
type of TCM has support, which represents the correla-
tion between different TCMs. Suppose that there is a 
TCMPS, and the total correlation between each TCM 
and its adjacent TCMs is calculated and denoted by 
Csum. The SAA is used to randomly exchange the posi-
tions of any two TCMs in the TCMPS, and this process 
is repeated for 1 million iterations with the objective of 
determining the maximum and minimum Csum. Finally, 
the maximum Csum is represented by Cmax, and the mini-
mum Csum is represented by Cmin. The correlation sum of 
any TCMPS is normalized using the following formula:

	
Cnormalization =

Cmax − Csum

Cmax − Cmin
� (7)

The value of Cnormalization falls between [0,1]. During the 
prescription dispensing process, it is usually expected 
that highly correlated TCMs are positioned adjacent to 
each other. Consequently, a smaller value of Cnormalization 
would result in a better outcome.

Objective function
Our objective for the TCMPS is twofold: to dispense the 
TCMs as quickly as possible and to ensure that some 
couplet medicinals are positioned adjacent to each other. 
To achieve this goal, the weights assigned to Dnormalization 
and Cnormalization are set at 50% each. Thus, the objective 
function is formulated as follows:

	
∆ f =

Cnormalization

2
+

Dnormalization

2
� (8)

The value of Δf clearly lies within the range of [0, 1], with 
smaller values indicating a better outcome.

Steps of SAA
The following steps are executed using RStudio software. 
The relevant codes can be downloaded from https://
github.com/github9852/TCMPS.

Step 1: Generate the initial position randomly and 
set the initial temperature T and temperature 
attenuation coefficient α. Then, calculate the initial 
value of Δf.

Step 2: Generate a new TCMPS by randomly 
exchanging the positions of two TCMs. Recalculate 
Δf and denote it as Δfnew.

Step 3: Judgment criteria. If Δfnew is smaller than Δf, 
replace the old TCMPS with the new one. Otherwise, 
accept the new TCMPS with a probability of exp((Δf-
Δfnew)/T) > Random (1).

Step 4: Calculate the new temperature T = T*α and 
repeat steps 2 and 3 for 1 million iterations.

Step 5: Conclude the iteration and output the TCMPS 
corresponding to the minimum value of Δf as the 
optimal TCMPS.

Analysis process and data validation
To verify the performance of the optimal TCMPS, 
we compared the Dave and Csum values of the optimal 
TCMPS and real-world TCMPS in the 2022 and 2023 
prescription datasets.

Results and discussion
Analysis of TCM prescriptions
The dataset of TCM prescriptions was collected from a 
tertiary TCM orthopedic hospital in Fujian Province. It 
contains 10,601 TCM prescriptions in 2022 and 7,207 
TCM prescriptions in 2023. A total of 360 different 
TCMs were used in this dataset.

The 2023 prescription dataset was used to verify the 
optimal TCMPS. Further analysis of the prescription 
dataset from 2022 revealed that each prescription con-
tained at least one kind of TCM and at most 32 kinds, 
with an average of 9.49 kinds. 80% of the prescriptions 
contained 4 ~ 14 kinds of TCMs, as shown in Fig.  3. Li 
et al. analyzed 84,418 prescriptions in ancient Chinese 
classics and reported that each prescription contained 
an average of 7.67 kinds of TCMs [20], which was sig-
nificantly less than the number of TCMs in the prescrip-
tions issued by modern TCM practitioners (P < 0.01). 
This difference may be attributed to the fact that the 
prescriptions issued by orthopedic hospitals contain 
more tonifying and replenishing medications, which are 

https://github.com/github9852/TCMPS
https://github.com/github9852/TCMPS
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usually prescribed more frequently than other types of 
TCMs.

Through the analysis of each type of TCM, the top 10 
most frequently used were Danggui, Jiuchuanxiong, Gan-
caopian, Fuling, Zhichenpi, Huangqi, Guizhi, Chishao, 
Zhigancao, and Dangshenpian. Among these, Dang-
gui, Jiuchuanxiong, and Gancaopian were used more 
than 3000 times, accounting for more than 1/3 of the 

prescriptions. Eighty-one types of TCMs were used more 
than 300 times. Additionally, 148 kinds of TCMs are used 
fewer than 50 times, as shown in Fig. 4 and Table S1.

An analysis of the dataset using VOSviewer software 
revealed that the 360 kinds of TCMs could be grouped 
into 6 main categories (Fig. 5).

Fig. 4  Top 30 TCMs in terms of their usage frequency

 

Fig. 3  Distribution of prescriptions containing different quantities of TCMs
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Category 1: This group consists of 137 kinds of TCMs, 
including Fuling, Zhigancao, Dangshenpian, 
Yanduzhong, Shanyao, Baizhu, Fuchaobaizhu, 
Gouqizi, and Shudihuang. These TCMs have 
functions such as tonifying the spleen and 
replenishing qi, tonifying the kidney and 
replenishing essence. They are used to treat patients 
with syndrome/pattern of the spleen and kidney 
insufficiency, and the representative prescription is 
Yuqin Decoction.

Category 2: This group consists of 93 kinds of TCMs, 
including Gancaopian, Cubeichaihu, Shengjiang, 
Dazao, Chankuxingren, Jiangbanxia, Jugeng, 
Huangqinpian, Fangfeng and Fabanxia. These 
TCMs mainly tonify the stomach and harmonize 
the middle. They are used to treat patients with a 
syndrome/pattern of stomach qi deficiency, and 
the representative prescription is Gancao Xiexin 
Decoction.

Category 3: This group consists of 64 kinds of TCMs, 
including Niuxi, Yiyiren, Yanzexie, Chuanniuxi, 
Jiudanseng, Fuchaocangzhu, Tufuling, Yanhuangbai, 
Tubiechong, and Yancheqianzi. These TCMs mainly 
have the effect of drying dampness because of their 
bitter taste and cold nature. They are used to treat 
patients with a syndrome/pattern of dampness and 

heat pouring downward, and the representative 
prescription is Simiao Pill.

Category 4: This group consists of 45 kinds of TCMs, 
including Danggui, Guizhi, Chishao, Honghua, 
Tanggusuibu, Jiubaishao, Cuyanhusuo, Mugua, 
and Xuduanpian. These TCMs mainly activate the 
blood and dispel stasis, and they are used to treat 
various pains caused by the syndrome/pattern of 
qi stagnation and blood stasis. The representative 
prescription is Huoxue Siwu Decoction.

Category 5: This group consists of 16 kinds of TCMs, 
including Jiuchuanxiong, Zhichenpi, Huangqi, 
Shengdihuang, Dilong, Sanqifen, and Longxuejie. 
These TCMs often appear in prescriptions, with 
the frequency of use of Jiuchuanxiong, Zhichenpi, 
Huangqi, and Shengdihuang ranking 2nd, 5th, 6th, 
and 13th, respectively, as shown in Fig. 4. In addition, 
Jiuchuanxiong, Dilong, Sanqifen, and Longxuejie 
all have the effect of tonifying and regulating qi 
and activating the blood, and they are often used in 
combination with each other, such as in the classic 
Chinese formula Huangqi Siwu Decoction, which 
is used to treat syndrome/pattern of qi and blood 
depletion.

Category 6: This group consists of 5 kinds of TCMs: 
Shengma, Gaobenpian, Manjingzi, Lingyangjiaofen, 
and Shengheshouwu. These types of TCMs have the 

Fig. 5  Classification of TCMs based on VOSviewer software
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characteristic of low frequency of use, which may 
be attributed to the following three reasons. Firstly, 
concerns over the safety of the medication. While 
Shengheshouwu has significant therapeutic effects 
in some traditional prescriptions, modern research 
suggests that it may contain harmful ingredients 
that are detrimental to human health. This has led 
doctors to exercise caution when prescribing it. 
Secondly, the economic cost. Lingyangjiaofen is 
expensive in the market due to scarce resources. In 
a healthcare system where medical resources are 
allocated tightly, doctors may prefer recommending 
drugs that offer better cost-effectiveness, thus 
limiting the use of these expensive TCMs. Thirdly, 
the characteristics of hospital specialties. Medicinal 
herbs such as Shengma, Gaobenpian, and Manjingzi 
are traditionally used to treat symptoms such as 
colds and headaches. However, as a specialized 
orthopedic hospital, there are fewer patients 
seeking treatment for colds and headaches, which 
directly leads to a lower frequency of use of these 
medications.

An analysis of the efficacy of the above TCMs revealed 
that most of them are related to tonifying the spleen, 
stomach, liver, and kidney or activating blood and remov-
ing stagnation.

According to TCM theory, there is a close relation-
ship between bone and the kidney. The Great Simplicity 
of Huangdi’s Internal Classic Record explains that the 
kidney is connected to the bones and is responsible for 

generating bone marrow. If the kidney does not grow, the 
bone marrow cannot be filled. Kidney yang deficiency 
inhibits warming yang to activate qi flow, which leads 
to qi and blood impediment and obstruction, sinew and 
bone wilting, soreness and weakness of the waist and 
knees, unfavorable flexion and extension of the limbs and 
joints, slow fracture healing, and osteoporosis. The liver 
dominates the tendon and stores blood. When the blood 
stored in the liver is depleted, the muscles and bones 
cannot be nourished. Therefore, orthopedic diseases are 
closely related to the liver, kidney qi, and blood. Supple-
menting (and boosting) TCMs and blood-activating 
TCMs are two types of TCMs that are commonly used to 
treat orthopedic diseases [21].

Correlation between tcms
Using the ARA, we generated 78 rules when the thresh-
old of support was set to 0.05, the confidence was set to 
0.8, and the rule length was 10. Among these rules, the 
TCM combinations with a frequency ≥ 1000 were {Chan-
shantaoren} => {Honghua} and {Danggui, Honghua} => 
{Jiuchuanxiong}. The confidence of the couplet medi-
cines {Shanyao, Yanduzhong, Zhiheshouwu}=>{Gouqizi} 
was 1, indicating that when Shanyao, Yanduzhong, Zhi-
heshouwu appeared simultaneously in a prescription, the 
probability of Gouqizi being included was 100%, and the 
frequency of the couplet medicines was 716. Addition-
ally, {Gouqizi, Yanduzhong, Zhiheshouwu} => {Shanyao}, 
{Yanduzhong, Zhiheshouwu} => {Gouqizi} and {Yandu-
zhong, Zhiheshouwu} => {Shanyao} had high confidence 
and frequency (Table 1 and Table S2).

Table 1  Top 20 rules for support ranking
Rules Support Confidence Coverage Lift Count
{Chanshantaoren} => {Honghua} 0.106 0.813 0.131 4.609 1126
{Danggui, Honghua} => {Jiuchuanxiong} 0.098 0.860 0.114 2.547 1039
{Chanshantaoren, Honghua} => {Jiuchuanxiong} 0.089 0.839 0.106 2.485 945
{Chanshantaoren, Jiuchuanxiong} => {Honghua} 0.089 0.874 0.102 4.956 945
{Chishao, Shengdihuang} => {Jiuchuanxiong} 0.089 0.896 0.099 2.655 944
{Chishao, Honghua} => {Jiuchuanxiong} 0.086 0.910 0.095 2.694 916
{Chanshantaoren, Chishao} => {Honghua} 0.081 0.911 0.089 5.162 855
{Chishao, Honghua} => {Chanshantaoren} 0.081 0.849 0.095 6.499 855
{Chanshantaoren, Chishao} => {Jiuchuanxiong} 0.079 0.888 0.089 2.630 834
{Chanshantaoren, Danggui} => {Honghua} 0.073 0.871 0.084 4.939 778
{Chanshantaoren, Chishao, Honghua} => {Jiuchuanxiong} 0.073 0.905 0.081 2.681 774
{Chanshantaoren, Honghua, Jiuchuanxiong} => {Chishao} 0.073 0.819 0.089 3.722 774
{Chanshantaoren, Chishao, Jiuchuanxiong} => {Honghua} 0.073 0.928 0.079 5.261 774
{Chishao, Honghua, Jiuchuanxiong} => {Chanshantaoren} 0.073 0.845 0.086 6.468 774
{Jiuchuanxiong, Tanggusuibu} => {Danggui} 0.071 0.822 0.087 2.401 756
{Chanshantaoren, Danggui} => {Jiuchuanxiong} 0.071 0.838 0.084 2.480 748
{Zhiheshouwu} => {Gouqizi} 0.069 0.936 0.074 9.242 735
{Gouqizi, Shanyao} => {Yanduzhong} 0.069 0.896 0.077 6.346 733
{Gouqizi, Yanduzhong} => {Shanyao} 0.069 0.939 0.074 6.745 733
{Shanyao, Yanduzhong} => {Gouqizi} 0.069 0.927 0.075 9.147 733
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The aforementioned couplet medicines are commonly 
found in various classic famous prescriptions, such as 
the Siwu Decoction and Liuwei Dihuang Pills, which 
have synergistic effects when used together. Further-
more, modern pharmacological research has confirmed 
the theory that the couplet medicines Chanshantaoren-
Honghua can promote blood circulation, dissipate blood 
stasis, and significantly decrease whole blood viscosity, 
plasma viscosity, and packed cell volume [22]. Addition-
ally, the couplet medicines Danggui-Jiuchuanxiong (DC) 
are frequently used as nourishing and blood-activating 
medicines in many gynecological prescriptions and mod-
ern Chinese medicine to prevent vascular diseases and 
alleviate pain. The results of animal experiments have 
shown that DC has antithrombotic, anti-inflammatory, 
antioxidant [23], and vasculogenesis activities. It can also 
prevent the development of liver fibrosis by inhibiting 
collagen deposition, decreasing inflammatory reactions, 
and reducing bile acid accumulation [24].

When the threshold value of support was set to 0, 
the confidence was set to 0, and the rule length was 2, a 
total of 129,240 rules were obtained, indicating support 

between all pairwise TCMs. The combination of Dang-
gui and Jiuchuanxiong had the highest support (0.2032), 
indicating that 20.32% of prescriptions contained both 
Danggui and Jiuchuanxiong. Additionally, the confi-
dence between Danggui and Jiuchuanxiong was 0.6017, 
suggesting that when one of the two TCMs appeared in 
a prescription, there was a probability of approximately 
60% that the other TCM was also present. The support, 
confidence, and frequency data for the top 30 pairs of 
medicines are shown in Table  2 and Table S3, and they 
were used for the subsequent TCMPS analysis.

The optimal TCMPS
The medicine cabinet in our hospital consists of 10 rows 
and 18 columns, totaling 180 compartments, with each 
compartment storing two kinds of TCMs. On the basis 
of the frequency and support data of the TCMs obtained 
from the prescription dataset in 2022, the SAA was 
used for the calculations. First, we calculated the val-
ues of Dmax and Dmin of the TCMPS, which were 10.912 
and 3.088, respectively. Next, by performing SAA itera-
tion 1  million times, we obtained Cmax and Cmin values 

Table 2  Top 30 couplet medicines
Rules support confidence coverage lift count
{Jiuchuanxiong} => {Danggui} 0.203 0.602 0.338 1.758 2154
{Danggui} => {Jiuchuanxiong} 0.203 0.594 0.342 1.758 2154
{Chishao} => {Jiuchuanxiong} 0.162 0.738 0.220 2.184 1721
{Jiuchuanxiong} => {Chishao} 0.162 0.481 0.338 2.184 1721
{Chishao} => {Danggui} 0.143 0.651 0.220 1.901 1518
{Danggui} => {Chishao} 0.143 0.418 0.342 1.901 1518
{Honghua} => {Jiuchuanxiong} 0.131 0.745 0.176 2.206 1393
{Jiuchuanxiong} => {Honghua} 0.131 0.389 0.338 2.206 1393
{Zhichenpi} => {Fuling} 0.121 0.515 0.235 1.849 1280
{Fuling} => {Zhichenpi} 0.121 0.434 0.278 1.849 1280
{Shengdihuang} => {Jiuchuanxiong} 0.114 0.704 0.162 2.084 1210
{Jiuchuanxiong} => {Shengdihuang} 0.114 0.338 0.338 2.084 1210
{Huangqi} => {Danggui} 0.114 0.493 0.231 1.441 1209
{Danggui} => {Huangqi} 0.114 0.333 0.342 1.441 1209
{Honghua} => {Danggui} 0.114 0.646 0.176 1.888 1208
{Danggui} => {Honghua} 0.114 0.333 0.342 1.888 1208
{Shengdihuang} => {Danggui} 0.114 0.703 0.162 2.053 1208
{Danggui} => {Shengdihuang} 0.114 0.333 0.342 2.053 1208
{Fuling} => {Danggui} 0.109 0.390 0.278 1.140 1152
{Danggui} => {Fuling} 0.109 0.318 0.342 1.140 1152
{Gancaopian} => {Danggui} 0.109 0.363 0.300 1.060 1152
{Danggui} => {Gancaopian} 0.109 0.318 0.342 1.060 1152
{Fuling} => {Jiuchuanxiong} 0.108 0.389 0.278 1.152 1148
{Jiuchuanxiong} => {Fuling} 0.108 0.321 0.338 1.152 1148
{Chanshantaoren} => {Honghua} 0.106 0.813 0.131 4.609 1126
{Honghua} => {Chanshantaoren} 0.106 0.602 0.176 4.609 1126
{Gancaopian} => {Jiuchuanxiong} 0.106 0.353 0.300 1.045 1121
{Jiuchuanxiong} => {Gancaopian} 0.106 0.313 0.338 1.045 1121
{Huangqi} => {Jiuchuanxiong} 0.105 0.454 0.231 1.343 1112
{Jiuchuanxiong} => {Huangqi} 0.105 0.311 0.338 1.343 1112
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of 14.210 and 0.066, respectively. Then, with an initial 
temperature T of 100 and an annealing rate α of 0.99, we 
performed SAA iteration calculations another 1  million 
times to obtain the optimal TCMPS (Table S4). Finally, 
the minimum Δf was found to be 0.014, as shown in 
Fig.  6, and the corresponding values for Dsum and Csum 
were 3.292 and 14.183, respectively. According to the 
TCMPS corresponding to Dmax and Dmin, we calculated 
their respective Csum. Similarly, we calculated their cor-
responding Dave based on the TCMPS corresponding to 
Cmax and Cmin. Additionally, we calculated Csum and Dave 
for the current TCMPS in reality. The results are shown 
in Table  3. The Dave corresponding to Cmax was not the 
smallest, and the Csum corresponding to Dmin was not 
the largest. Furthermore, when the score of the optimal 
TCMPS was compared with that of the current TCMPS, 
the total correlation increased by 200.8%, whereas the 
total distance decreased by 51.5%. This improvement is 
expected to greatly increase the dispensing efficiency of 
pharmacists.

In the optimal TCMPS, the top 20 TCMs with the 
highest frequency of use are all located in the middle 
area of the medicine cabinet. This arrangement provides 
convenience and helps reduce the time needed for dis-
pensing by pharmacists. Danggui is the most frequently 
used TCM, among others. Among the top 20 TCMs 

related to Danggui, 15 kinds of TCMs are adjacent to it, 
including Jiuchuanxiong, Chishao, Huangqi, Honghua, 
Shengdihuang, Gancaopian, Fuling, Tanggusuibu, Chan-
shantaoren, Dangshenpian, Zhichenpi, Guizhi, Zhigan-
cao, Shudihuang and Xuduanpian.

The optimal TCMPS obtained through the aforemen-
tioned method appears to be ideal. This study further cal-
culated the Dsum of the prescription datasets in 2022 and 
2023 using the current TCMPS in reality and the opti-
mal TCMPS. The results are shown in Table 4. When the 
optimal TCMPS was applied to the prescription dataset 
in 2023, Dave still decreased by 49.1%, which was basi-
cally consistent with the results in 2022. Therefore, by 
rearranging the position of TCMs, the work efficiency of 
pharmacists’ dispensing can be theoretically improved by 
approximately 50%.

Conclusion
Starting from the practical perspective of pharmacy 
work, this study explores in depth the frequency of 
TCM use and the complex correlations between TCMs. 
Through the innovative application of ARA and SAA, the 
optimal TCMPS was successfully constructed for the first 
time in a TCM pharmacy. This achievement not only sig-
nificantly improves the dispensing efficiency of pharma-
cists and reduces patient waiting time but also enhances 
the quality of medical services and patient satisfaction. 
In the current context of tight medical resources and 
increasing patient demand, this optimization plan is 

Table 3  Csum, Dave, and Δf corresponding to various placement 
schemes
TCMPS Csum Dave Δf
TCMPS corresponding to Cmax 14.210 3.312 0.029
TCMPS corresponding to Cmin 0.066 7.414 1.553
TCMPS corresponding to Dmax 4.932 10.91 1.656
TCMPS corresponding to Dmin 8.209 3.088 0.424
Optimal TCMPS 14.183 3.292 0.028
Current TCMPS in reality 4.714 6.781 1.143

Table 4  Dave of the 2022 and 2023 TCM prescription datasets 
under the optimal TCMPS

2022 2023
Current TCMPS in reality 6.781 6.724
Optimal TCMPS 3.292 3.424
Reduce Dave’s percentage 51.5% 49.1%

Fig. 6  Changes in Δf under iterative calculation
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highly important for alleviating pharmacy work pres-
sure and optimizing medical resource allocation. Second, 
this study has opened a new path for the development of 
smart health care. The successful integration of computer 
science, data science, and TCM has solved a practical 
problem in the field of TCM. This achievement not only 
promotes the modernization and intelligence of TCM 
but also provides a useful reference and guidance for the 
integration of other traditional medicines and modern 
technology. This interdisciplinary collaboration model 
also promotes communication and integration between 
disciplines and provides new perspectives and tools for 
solving more complex problems.
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