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Abstract. The article investigates the problems of 

scheduling methods for making up the schedules for 

medical care institutions, with a view to further 

optimization the conditions and improvement the 

patient care. 

It is noted that a key step in the operation of 

medical institutions is the scheduling stage process. 

Depending on the specifics of a particular institution, 

work plans take different forms, mostly turning into a 

timetable. 

It is established that there are a number of 

scheduling methods, ranging from manual planning 

and mathematical programming with limitations, 

ending with the use of artificial intelligence. Most 

methods consist of two or more stages and initially 

require the construction of the very schedule that 

satisfies the strict limitations of the institution 

functioning. At a later stage the scheduling 

optimization of one or more criteria is regarded. 

The types of finite-state automata are analyzed 

and, with their use, developed a method for 

constructing the supporting schedules for clinics. An 

algorithm of finite-state machines for clinic schedule 

construction is established. 

Key words: clinic, schedule, schedule 

construction, abstract automaton, finite-state 

automaton. 

 

FORMULATION OF THE PROBLEM 

 

The functioning of hospitals and quality of patient 

care largely depends on the schedule of their work. 

Scheduling of clinics functioning is an extremely 

time-consuming process that takes into account a 

number of constraints and factors: availability of a 

qualified physician; a sequence plan of a patient’s line 

therapy; adequate medical equipment at the time of 

treatment; the need for specialized facilities for the 

procedures etc. 

Schedules can be called the best with the 

conditions of full realization of the domain 

restrictions, effective use of available resources, 

taking into account the wishes of the clinic staff and 

patients, compliance with the established treatment 

plan. [14] 

If the assembly does not include the full 

requirements for rehabilitation plans or limits are not 

satisfied, the quality of treatment is reduced, which in 

turn significantly affects the quality of medicine itself. 

On the other hand, with the above restrictions it is 

desirable to meet the wishes of patients [1]. 

Taking into account the fact that most Ukrainian 

clinics scheduling is made by hand, due to the extreme 

complexity with taking into account the restrictions, 

attention should be given to automatization with 

compiling the process. 

 

ANALYSIS OF RECENT RESEARCHES AND 

PUBLICATIONS 

 

The task of a schedule building is regarded not 

only as a process that realizes the distribution function 

of certain procedures at the time. The optimal 

schedule will provide the maximum benefit from the 

efficient use of available resources in the clinic, 

increase the quantity and quality of treatment, the 

level of satisfaction of employees and patients [18]. 

The task of schedule compiling and optimization 

is classified as NP-complete [2, 3]. To solve the 

problems of this category the approximate methods 

are used that allow to make suboptimal schedule [4, 5] 

including: 

 - The method of simulated annealing, 

 - Graph coloring method; 

 - The method of genetic algorithm. 

 Most methods in one form or another require 

the correct initial (reference) sample [10, 12, 16]. Its 

generation is often done randomly that can not be 

executed in this situation, taking into account the set 

of binding constraints imposed by the subject area 

[19]. 

On the other hand, the set of constraints is a 

deterministic, the set of operations required to create 

the schedule and their order are defined. 

Accordingly, it is possible to develop a 

mechanism that will meet the basic restrictions and 

will make it possible to build the sample. 

 

MAIN MATERIAL PRESENTATION 

The process of a schedule construction it is 

advisable to represent as an abstract machine - 

abstraction used to describe the way of change of the 

object state based on the achieved status and 

information received from outside [6, 7]. 

 

mailto:kovalyshynoleh@gmail.com


132 R. Tkachenko, O. Kovalyshyn 

The general scheme of the machine can be interpreted 

as a "black box" [8.15], which provides transformation 

of input data vector to output vector (Figure 1): 

 

 

 Fig.1. The general scheme of the abstract automaton 

 

Mathematical model of the device can be 

described as follows [9]: 

 

    (              )                    (1) 

 

where X – the set of the automaton input data; 

Y – the set of the automaton output data; 

S – the set of the allowable states of the machine; 

fy – function of the automaton outputs; 

fs – function of the automaton transitions from 

one state to another; 

S0 – initial state of the machine. 

 

For the purpose of the automata classification a 

number of features are considered such as: certainty of 

the transition function and function of outputs, 

unambiguous set of functions, stability of conditions, 

finite sets of input, output data and state [6,17]: 

 by certainty of the characteristic features au-

tomaton of clinic scheduling is defined, whereas all 
(     )     , where          , that is the 

characteristic functions are defined for all pairs of 

input data and possible states. 

 by unambiguous of the transition function the 

automaton is deterministic because under some input 

     the machine can move only in one state     . 

Conversion mechanism is fully defined, probability of 

transition is impossible. 

 by the stability of states the machine is stable, 

when under the influence of some input      there 

took place a transition into a state     , then exit 

from it and the transition to another state is possible 

only when receiving another input signal          
  . 

 by finitude of states, input and output sets, the 

automaton is finite, since  the sets X, Y, S are finite: 
| |    , | |     | |    . 

Basic for constructing finite, determined, definite, 

stable automata are two models - Mealy and Moore 

machines [11,13]. 

Specifying the base model, Mealy machine can be 

supplemented with the following ratios: 
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  ( )      ( ( )  ( )),                     (2) 

 

where: s (t + 1) - the next state, which the 

automaton will transit in; 

fs – function of the automaton transition to the 

next state; 

x (t) – the current value of the input signal; 

s (t) – the current state of the machine; 

y (t) – value of the automaton output; 

fy – function of the automaton output. 

From the equations (2) we can notice that in the 

case of Mealy automaton the arguments of 

characteristic functions are the current value of the 

input signal and the current status. 

Moore machine can be defined as follows: 

 

 (   )      ( (   )  ( ))  

  ( )       ( ( ))                       (3) 

 

where: s (t + 1) - the next state, which the 

automaton will transit in; 

fs – function of the automaton transition to the 

next state; 

x (t) - the current value of the input signal; 

s (t) – the current state of the machine; 

y (t) - value of the automaton output; 

fy – function of the automaton output. 

 

From relations (3) it follows that the output signal 

of the automaton is uniquely determined by its current 

state and does not depend on the vector components of 

the input signals [20]. 

 Due to the specific area subject it can be 

argued that the result of the machine will depend on 

the type of the procedure, which it will receive at the 

entrance for inclusion. In its turn, inclusion of the 

procedures to the schedule will depend on their 

characteristics and on the current state of the schedule. 

In this regard, for the construction of the clinic finite 

automaton it is appropriate to use the Mealy model. 

Based on its basic principles, we have proposed a 

method that allows to ultimately develop a schedule of 

clinics. 

 Verbally, the process of the automaton work 

of the clinic schedule can be set as a sequence of the 

following steps: 

 Step 1. Achieve a set of procedures for the 

schedule construction. 

Abstract 

automaton 
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Step 2. Selection of the procedures obtained in step 1 

for inclusion in the next schedule. The procedure 

selection process provides a consistent set of analysis in 

terms of satisfying the set criteria. 

Step 3. Search for the available financial support and 

free personnel of the clinic for the completion of the 

procedure selected in step 2. 

Step 4. Search for available time periods for carrying 

out the procedure based on the results obtained in step 3. 

Step 5. Analysis of the possible options for allocation 

the procedure in the schedule based on data obtained 

during the steps 3-4, and test performance of the limits of 

the subject area. 

Step 6. Direct inclusion of the procedure into the 

schedule and go back to step 2. 

For the automaton the set of input data X consists of 

a set of treatments, from which it is necessary to schedule. 

The set of output data Y is the resulting set of procedures 

that make up a schedule and are defined by the algorithm 

of the automaton  functioning. Block diagram of the 

algorithm for constructing the clinic schedule, which 

involves the proposed steps 1.6 is shown in Fig. 2.  

Fig.2. Block diagram of the algorithm for constructing the clinics schedule 

 

According to the flowchart, the set of states 

contains six elements and has the form   
*                 +). At the beginning of its work the 

machine receives the input data and proceeds to its 

original state (S0). The next step is the selection of 

treatments available and a transition to a state S1. 

After that the automaton analyzes the equipment for 

the procedure, free staff etc. In case if the necessary 

equipment is available machine goes into S2. With 

information from the previous step, the analysis of 

time intervals is being carried out when all the 

necessary equipment and medical staff are available 

S3. For each found time frame the constraints 

satisfaction analysis of the subject area is being 

conducted. If successful the machine goes into S4. 

Being found, the period and equipment are chosen 

eagerly to meet the restrictions of the subject area, 

then record the procedure to schedule and inclusion it 

in the initial set of data (transition to state S5). 

The transition conditions are boolean functions 

(as partial satisfaction is unacceptable restriction of 

the subject area, etc.) which are determined separately 

for each state. 

 

CONCLUSIONS 

 

1. The study establishes that one of the possible 

measures to improve the efficiency of hospitals, 

service quality and level of patients ‘satisfaction is an 

effective use of their work schedule. 

 

Procedure Choice of the procedure for inclusion to the 

schedule 

Search for available facilities to perform 

the procedure  

Search for available time periods for 

carrying out the procedure 

Analysis of limits’ satisfaction 

of the subject area  

Choice of the time period and 

equipment based on the analysis 

Found 

Found 

No 

No 

No 

Satisfies 

Yes 

Yes 

Yes 
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2. In order to develop and optimize the clinic 

scheduling we performed the basic model - Mealy 

machine, which allows most accurately take into 

account the specificy of the subject area and the whole 

ammount of necessary treatments. 

3. The presented method of reference schedule of 

medical treatment institutions in the form of finite 

automaton allow take into account all the necessary 

set of treatments, limited time periods for their 

implementation, necessary equipment and facilities, 

all of which contributes to the effective formation of a 

clinic schedule. 
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