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Abstract — We study the long waiting time by patients in hospitals and propose a medical service process model based on colored 
Petri Nets. Firstly, the simulation package (CPN Tools) is used to model the entire medical service process. Secondly, simulation 
analysis and calculation is implemented for the model in terms of: i) the correctness of the model is proved to obtain indices of the 
waiting time, ii) the service time of the patient in every link of the service process, iii) effective service time of medical staff, and iv)  
effective service time of beds. Finally, efficiency-restricted indices are analyzed to distribute resources scientifically and provide 
theoretical basis to improve service efficiency and resource use efficiency. The experimental results show: compared with previous 
medical service models, the method can provide factual data for the optimization measures like process restructure and resource 
distribution, as well as providing references for similar future studies. 
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I. INTRODUCTION 

Chinese medical care and public health system is in the 
profound reform, more and more patients start to identify 
themselves as “the served” from the perspective of “market 
service”. Patients are concerned about whether management 
of hospital truly “focuses on patient” and whether the 
services are fast and convenient in the links of out-patient 
registration, seeing the doctor, paying the bill, examination, 
taking the medicine, admission, operation and discharge. 
Therefore, optimization suggestions and improvement 
measures for medical service quality management shall be 
concentrated on patient. These suggestions and measures can 
take effect only in the shoe of patient. Colored Petri Net 
(hereinafter referred to as CPN) is a hierarchical and 
advanced Petri Net defined by Jensen Kurt from Denmark in 
1982 on the basis of Petri Net. CPN organically combines 
data structure and hierarchical decomposition and it can be 
applied to verify system function, logic correctness and 
performance of evaluation system. In addition, it can 
automatically and alternatively simulate. CPN static model 
of scanning system can be established by modeling analysis 
tool on the basis of CPN developed on the computer to 
simulate the dynamic behavior of system model, analyze 
distribution, concurrence, synchronization and 
synchronization features of system, establish the state space 
of system model and analyze the activity and accessibility of 
the system. As CPN has strict net-theory formalized 
mathematic description, features above and the simulation 
analysis function provided by modeling tools, it is widely 
used [7, 8]. 

 

II. FORMALIZED DEFINITION OF MEDICAL 

SERVICE FLOW 

A. Medical Service Process and Initial Data 

From the survey of patients, the process experienced by 
the patient from arrival at hospital to departure is as shown in 
Figure 1 [9]. Please refer to literature [10] for the specific 
meanings, resources essential and consumed time of each 
link from patient’s arrival at hospital and departure. 

According to patient’s service process, patients can be 
classified into general patient (GP), expert treatment patient 
and emergency patient (EP). Besides, they can be classified 
into hospitalized patient (Y) and non-hospitalized patient (N) 
according to whether the patient is admitted. In the 
simulation, one day is divided into three time frames: 00:00-
08:00, 08:00-16:00 and 16:00-24:00 and one week is divided 
into two time frames from Monday to Thursday and from 
Friday to Sunday. Without loss of generality, suppose the 
arrival rates of patient at three times frames 00:00-08:00, 
08:00-16:00 and 16:00-24:00 comply with 48, 8 and 16 
index distribution. Admission probability of different types 
of patients in different time frames is as follows: 

GP may be in hospital only between 8:00am and 
16:00pm every day and the admission probabilities from 
Monday to Thursday and from Friday to Sunday are 4% and 
5% respectively and non-admission probabilities are 76% 
and 75% respectively. ETP may be in hospital only between 
8:00am and 16:00pm from Monday to Thursday and 
admission and non-admission probabilities are 2% and 8% 
respectively. Admission and non-admission probabilities of 
EP between 0:00am and 8:00pm every day are 65% and 35% 
respectively and admission and non-admission probabilities 
between 16:00pm and 24:00pm are 55% and 45% 
respectively. Admission probabilities in other time frame 
from Monday to Thursday and from Friday to Sunday are 8% 
and 12% respectively and non-admission probabilities are 2% 
and 8%. 
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Figure 1. Patient process chart. 

 

B. Formalized Definition 

(1) Definition of CPN. 
CPN is a nine-tuple network: CPN=( , P , T , A , N , 

C , G , E and I ) 
Where: 

(1)  is colored non-null finite set; 

(2) P is place set,  mpppP ,...., 21 ; 

(3) T is transition set,  ntttT ,...., 21 ; 

(4) A is finite set of arc, satisfying 
 ATAPTP ; 
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(5) N is the node function define A to PTTP  ; 

(6) C is color function defining P to ; in other words, 
each place must belong to a color set; 

(7) G is guard function and the expression defined onT , 
satisfying: 

        tGVarTypeBtGTypeTt : , 

where B is Boolean function; 
(8) E is the arc expression defined on A , satisfying: 

  
       


aEVarTypeaPC

aETypeAa

MS

:
 

Where, p is the place of node function  aN and

 MSpC is the category of multiple sets when returning to 

place P ; 
(9) I is initialization function and expression defined on

P ; satisfying: 

    MSpCpITypePp  :  

(2) ML language of CPN. 
CPN ML language is used in CPN Tools to assert 

variables and describe and define Petri Net. Only function 
categories are introduced here. 

Assertion grammar of function: 

expn;patn id      

......

exp2pat2   id      

exp1pat1 id Fun







 

exp1,exp2,…,expn must belong to the same category. 
There are two control structures in CPN ML: if-then-else 

and case can be both used and if-then-else format is as 
follows: 

exp2; else exp1 then exp-bool If  
Where, exp1 and exp3 shall be of the same category. 

C. Partial Function Description 

1.   timetoIntIntInf . : the function acquires the 
present time of system; 

2. success)r,s,h,PatType(d, : the function generates 
patients of the same category according to arrival time of 
patient  h,d and a certain probability’ 

3. h)ied(d,IsHospital : the function judges whether 
the patient needs hospitalization according to the probability 
provided and initialization is false; 

4. Three shifts of staff being on and off duty at 8:00am, 
16:00pm and 24:00pm update the operation via Update 
function: 

ls else

end

he)] #5 zen, he, #3 he, #2he, [(#1  else

2,ta)m2,h Update(^^

he)] #5 zen, he, #3 he, #2he, [(#1 then[] ta if

in

480he) (#4zen val

ls .tlListta val

ls hd.Listhe val

  let

 then

0)2m  alsoand 02(h

orelse 0)2m  alsoand 162(h

orelse 0)2m  alsoand 82(h if

orelseempty    then[] ls if

LSTAFF):2,lsm,h Update( fun












2

 

III. CPN MODEL OF MEDICAL SERVICE PROCESS 

A. Detailed Description of Model 

Key problems are elaborated only with examples of two 
sub-pages of three shifts updating staff on and off the duty 
and fees settlement when discharge. 

a) Sub-page of three shifts updating staff on and off the 
duty 

Three shifts would update staff at 8:00am, 16:00pm and 
24:00pm when they go on and off the duty. Reference object 
during updating is a global clock and it has two functions: 
one function is to shift the medical staff who go on and off 
the duty at specified time and another function is to make 
sure patient category and hospitalization or not information 
meet the probabilities in Table 2. When staff shift work at 
8:00am, 16:00pm and 24:00pm, the process must be 
completed at one time. In other words, on one hand, the 
updating operation shall modify the state of all the staff on 
duty into off duty and on the other hand, modify the state of 
staff who is supposed to take the duty in the off-duty staff 
into on duty. When the hour hand of global clock is at one of 
the three time points, the staff state shall be updated. Only 
when the updating operation is completed, it can continue 
updating next. Otherwise, state of some staff who is 
supposed to be on the duty is modified into on duty. 
Obviously, it is against the fact. Therefore, ML language that 
is used in CPN Tools to write Controller, Update and Shift 
functions to realize the function and guarantee the staff 
updating operation runs correctly. 

2) Sub-page of fees settlement when discharge 
Sub-page of fees settlement link helps to release 

operation bed and non-operation bed after the patient 
liquidates all the fees. Non-operation beds and operation 
beds are selected from un-occupied beds and distributed at 
random when the medical staff confirms the patient needs 
hospitalization. Finally, the bed is released after the patient 
meets discharge conditions and liquidate all the fees. It 
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cannot only record when the bed was occupied, when it is 
released, number of patient occupying the bed and numbers 
of all the patients who once occupied the bed but also 
calculate the total service time of the bed, average use 
efficiency and various information. 

B. Model Correction Demonstration 

After CPN model is established, its correctness shall be 
demonstrated. True and reliable data can be obtained only by 
correct model simulation and analysis is supported only on 
the basis of data. To demonstrate correctness of model, 
indexes of patient number probability, patient category 
probability and admission probability in different time 
frames provided in the patient survey data were adopted. The 
simulation lasted 13,000minutes (9 days and 40 minutes) and 
average was calculated for three times and admission 
probabilities of three categories of patient were compared 
with initial data and the result is as shown in Figure 2: 

According to the average patient arrival probability in 
three time frames via total simulation time, the comparison 
between the experiment value of patient number in different 
time frames and standard values is shown in Figure 3: 

The diagram of comparison between experiment data 
obtained in the model simulation of Figure 2 and Figure 3 
and initial data of survey can demonstrate the established 
CPN model of medical service process is correct. 

 
Figure 2. Comparison value of admission probability of various patient in 

different time frames 

 
Figure 3. Comparison diagram of average patient arrival probability in 

three time frames 

IV. MODEL SIMULATION RESULT ANALYSIS 

AND SUGGESTION 

In the same experiment environment, simulation was 
repeated three times and one simulation would be elaborated 
as example. The simulation has 40,000 steps and lasted 
13,407 minutes. Up to 7:28am of the tenth day, 876 patients 
of three categories came to the hospital in total. 

The simulation is analyzed in details from the following 
perspectives: 

1) Waiting time of patient; 
2) Bed use efficiency; 
3) Effective service time of medical staff: 

A. Waiting Time of Patient 

Total number of patients, total waiting time and average 
waiting time in every link obtained by use of simulation is 
shown in Table 2, where the average waiting time of patient 
in each link=total waiting time of the patients in this 
link/total number of patients in this link. 

Table 1 shows that the average waiting times of EP in 
department diagnosis and out-patient treatment are relatively 
long from pre-diagnosis to departure. Once it is confirmed 
that the patient needs hospitalization, the waiting time of 
operation patient is about twice of the waiting time of non-
operation patient and the waiting time of operation patient in 
the links of nursing and pre-admission examination. 
Therefore, it is suggested that more staff and public 
resources shall be allocated to these links. 

TABLE 1. AVERAGE WAITING TIME OF PATIENT IN EACH LINK 

Link Number of 
patients

Total waiting 
time 

Average waiting 
time of patient

Pre-diagnosis 417 459 1.1 

Registration 874 839 0.96 

Diagnosis in 
department room 

GP 435
EP 414 
ETP 23

435 
1412 

45 

1
3.41 
1.96

Non-
hospitalization 

charges
623 978 1.57 

Out-patient 
treatment 

GP 209
EP 102 
ETP 7

148 
342 
4 

0.71
3.35 
0.57

Taking drugs 622 983 1.58 

Bed arrangement 
GP 16
EP 228 
ETP 0

16 
985 
0 

1
4.32 

0

Admission 244 1042 4.27 

Admission 
examination 243 3159 13 

Non-operation 
treatment 113 948 8.39 

Operation 
treatment 128 2010 15.7 

Nursing 241 3051 12.66 

Hospitalization 
settlement

Gb119
Ob122

1165 
1946 

9.79
15.95

B. Bed Use Efficiency 

Beds are classified into operation bed and non-operation 
bed subject to actual demand. Once it is confirmed the 
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patient needs hospitalization, corresponding doctor shall 
allocate a bed instantly until the patient leaves the hospital 
and release the bed when the fees are settled. Then the next 
bed arrangement can proceed. Therefore, the data of total 
number of patients with beds and bed use frequency were 
collected and indexes are as shown in Figure 3. 

TABLE 2. INDEXES OF OPERATION BED AND NON-OPERATION 

BED 

Bed type Total number of served 
patients

Use frequency of each 
bed

 129 人 2.6 

 119 人 3 

C. Effective Service Time of Medical Staff 

Effective service time of medical staff is the total time of 
service provided for the patients. In model simulation, 
statistical analysis is on the basis the average service 
efficiency of medical staff and average service efficiency of 
one shift during the three-shift period: 

1) Indexes of all the medical staff including three shifts 
of medical staff and department doctors and specialists. 

Table 3 shows total working time of all the resources 
from the commencement and completion of simulation, 
effective service time and average service efficiency. 

TABLE 3. TOTAL WORKING TIME AND EFFECTIVE SERVICE 
TIME OF ALL MEDICAL STAFF 

Category of medical 
service staff 

Effective service 
time 

Total working 
time 

Average service 
efficiency

Registrar 504 4423 11% 

Cashier 356 4400 8% 

Pharmacy staff 263 4400 6% 

Pre-diagnosis doctor 486 4389 11% 

Pre-diagnosis nurse 486 4389 11% 

Category of medical 
service staff

Effective service 
time

Total working 
time 

Average service 
efficiency

Emergency doctor 1212 4631 26% 

Assistant nurse 1445 4364 33% 

Doctor of inpatient 
department 919 4373 21% 

Nurse 831 4448 19% 

Department doctor 811 3360 24% 

Specialist 517 2485 21% 

2) The average service efficiency of staff taking three 
shifts in three time frames of 0:00am-8:00am, 8:00am-
16:00pm and 16:00pm-24:00pm. 

The statistical result of average service efficiency of all 
the staff taking the shift is shown in Table 4. It is aimed to 
find in which time frame the general service efficiency is low 
and provide basis for the scientific staff allocation. 

Table 4 shows average service efficiency of all the 
medical staffs, the pharmacy staff has the lowest service 
efficiency of 6% and assistant nurse has the highest service 
efficiency. The reason is assistant nurse would participate in 
many links; Table 5 shows the average service indexes of 
three-shift staff in time frames of 0:00am-8:00am, 8:00am-
16:00pm and 16:00pm-24:00pm. According to Table 4 and 
Table 5, the average service efficiencies of medical staffs in 
different time frames are shown in Figure 4. Medical staff 4, 
staff 5 and staff 8 have large difference in the service 
efficiency and the number of these staffs varies greatly in the 
three time frames. The service efficiency f assistant nurse of 
staff 7 with relatively large number difference changes 
slightly in the three time frames, which means the number of 
pre-diagnosis doctors, pre-diagnosis nurses and doctors of 
inpatient department shall be arranged scientifically with 
stress when the overall service efficiency of all the medical 
staffs is improved. 

Table 4. Average Service Efficiency And Total Number Of Three-Shift Medical Staff 

Category and number of 
medical service staff 

0 -8 
Average service 

efficiency 

0 -8 
Total number 

8-16
Average service 

efficiency

8-16 
Total number 

16-24 
Average service 

efficiency 

16-24 
Total number 

Registrar 1 6% 2 16% 4 10% 3 

Registrar 2 8% 2 42% 6 19% 4 

Pharmacy staff 3 2.3% 2 36% 6 15% 4 

Pre-diagnosis doctor 17% 2 16% 8 68% 4 

Pre-diagnosis nurse 5 17% 2 16% 8 68% 4 

Emergency doctor 6 25% 4 12% 8 46% 6 

Assistant nurse 7 25% 4 26% 30 47% 10 
Doctor of inpatient 

department 8 64% 2 3% 10 24% 6 

Nurse 9 32% 3 5% 6 24% 6 
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Figure 4. Comparison diagram of average service efficiency of 8 medical 

staffs in three time frames 

V. CONCLUSIONS 

When a patient chooses a hospital, the patient would 
consider hard index like medical technology level as well as 
people-oriented medical service process. CPN model for 
medical service process is established in the thesis on the 
basis of CPN Tools. Based on model’s correctness 
demonstration, the indexes are obtained via simulation and 
these data are the basis for the optimization and restructuring 
of process and can facilitate the scientific allocation and 
utilization of medical resources like medical staff and bed. 
Therefore, CPN model in the thesis can be the theoretical 
basis to improve medical service efficiency and resource use 
efficiency and reform medical service process truly from the 
perspective of patient. 
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