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Abstract. During the last years, the model of change points has been widely used to predict 
data series and it can be demonstrated success cases of its application in diverse areas. 
However, the usefulness of the theory of the points of change for the prognosis of the demand 
for medicines has not been proven. In this research with a quantitative approach, the use of the 
theory of points of change in prognosis of the demand for medicines in Healthcare Providers in 
Colombia is analyzed. The forecasts obtained with the theory of change point are compared 
with the forecasts obtained with traditional method of Holt-Winters. As a result of this study, 
the "best" model is identified and recommendations for the implementation of the proposed 
model are presented. This study is useful for administrators of entities providing health 
services interested in optimizing budget allocation and improving the inventory planning 
strategy. The results presented in this article, will allow to incorporate the results of the 
methodology in the field of modeling of systems of inventories of medicines. 

1. Introduction 
The inadequate use of forecasting methodologies together with the inability to predict fluctuations that 
may occur in some areas, generate a decoupling between organizations so that the performance of 
some of them can affect the performance of others directly or indirectly [1]. The data recorded in the 
time of demand for medicines in health service providers in Colombia is a good example of the 
fluctuation in these factors. One of the reasons why this situation arises is due to the fact that in 
organizations the tools or concepts that are intended to be applied are not studied in depth, this causes 
that the results regarding an objective are not satisfactorily fulfilled. 

Focusing on the forecasts according to Devarajan and Jayamohan [2], these occupy the most 
strategic position in the working capital structure of most companies and good management is a tool 
for the company to maintain a competitive advantage, even in an economy uncertain. Supervision, 
treatment and an adequate analysis of data and forecasts can become the key to a company's success, 
given that poor management and poor planning of activities directly and negatively affects the 
performance of organizations. 

The model of change points has been widely used and it can be shown successful cases of its 
application in various areas [3], such as the studies by Costa and Gon [4], Killick, et al. [5], among 
others. In its basic foundation the modeling of the time series and its forecasts is carried out mainly by 
classical methods such as the exponential smoothing model, Kalfman filter, Holt, and Holt-Winters. 
The selection of methods depends on factors such as trend, cyclicity, random effect and seasonality. 

On the other hand, the demand for medicines is a process that is affected by the implementation of 
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new policies in their use, in accordance with the current regulations established by the “Instituto 
Nacional de Vigilancia de Medicamentos y Alimentos (INVIMA)”, these changes in the regulations 
translate into a change in the behavior of the series over time with a high impact on the value of the 
average and volatility of the series. Since for the data of the demand of the medicines in Colombia the 
changes or interventions prevail in the time and the value of the error is very high when predicting 
using classic methodologies, according to the initial analysis made to the series. It is proposed to 
investigate the utility of the application of a model with points of change to predict the demand for 
medicines in health service providers, analyzing the adverse effects of the non-incorporation of these 
changes in the modeling of the series. 

2. Background 
The analysis of the change points is a methodology that seeks the estimation of the points where 
changes occurred in the time series [6]. When a disturbance appears in the time series, it is said that 
the process is outside the statistical control, the moment in which the change occurs is called point of 
change (PC) and the point of change analysis (APC) is the tool that studies this phenomenon [7] The 
objective of the APC is to discover the abrupt changes of properties that are behind the data of the 
series of time, facilitating the analysis of the characteristics of the series before and after a PC is 
detected [8]. 

The statistical inference about the points of change has two aspects, the first is to detect if there is 
any change in the sequence of observed random variables. And the second is to estimate the number of 
changes and their corresponding locations. The methods for PC estimation are mainly the likelihood 
ratio, non-parametric and bayesian [3]. Some authors also considered the problem of the point of 
change in other configurations of the model, such as gamma and exponential. 

The likelihood model is used for the location of the change point, as well as an information 
criterion developed, for the case of known variance [9]. "This model is a hypothesis test that helps 
choose the" best "model between two nested models. Understanding a nested model means that one is 
a special case of the other. The best model is one that makes the data more likely or maximizes the 
likelihood function. However, although the concept is relatively easy to understand, the calculations to 
find the entries for the procedure are not" [10]. The likelihood ratio tests use soft and monotonous 
functions like the logarithm, which allow the numerical convergence of the algorithms. Most statistical 
software packages have built-in functions to handle them. 

According to Picard [11], those seeking a point of change primarily investigate a problem in two 
different ways: (a) detect a fault that does not affect the average of the observations but changes its 
covariance structure. When this happens, they recommend considering procedures that take into 
account mild or profound disturbances, performing a nonparametric type test such as the Kolmogorov-
Smirnov test. And (b) detect a fault and estimate the change parameters for a failure that occurs at the 
same time in the mean and the covariance of an autoregressive process of bounded order. It is 
recommended to apply a likelihood ratio test and make the appropriate normalizations.  

According to Chen and Gupta [3], in many situations the researcher faces the problem of detecting 
the number and location of PC in a series. This problem is evident in disciplines such as the stock 
market, quality control, geological data analysis, meteorology and genetic data analysis. In this 
context, the Bayesian model (MB) has been used effectively as it is confirmed in their studies Aronis, 
et al. [12], Barry and Hartigan [13], Cmejla, et al [14]. The application of the MB carried out by 
Parent, et al. [15], focuses on the analysis of hydro meteorological weather series and develops a 
comparison of the PC model with forecasts. Jeong and Kim [16], use the MB, to determine the PCs 
and the length of the segments between each of these by means of the application of a genetic 
algorithm (GA). 

In the same way, Li and Lund [17], detect multiple PCs through metadata, for the estimation of 
multiple PCs is considered through a MB. Another method that is frequently used is linear regression, 
as do Yan, et al. [18], Eck [19]. For example, Lu, et al. [20], use the regression method together with a 
tool known as theoretical regression trees, propose a novel method for PC detection in machine 
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monitoring. The use of the likelihood method for estimating PC has become one of the most 
extensively used techniques, for example in the stock market due to the volume of data such as 
Zhitlukhin and Ziemba [21]. 

In recent years, studies on time series have increased and with this the need to be able to estimate 
efficiently and precisely the location of PCs, then a method used for their estimation is briefly 
presented. According to Killick, in his research an approach commonly used to identify multiple 
points of change is to minimize [22]. In Equation (1), 𝐶 is a function that takes a value for a segment, 
for example, the negative logarithmic probability and 𝛽𝑓(𝑚) is a penalty to protect against excessive 
adjustment. This method through minimization considers 2!"# solutions reducing to (𝑛 − 1𝑚 , if m is 
known. 
 

∑ [𝐶(𝑌𝜏$"# + 1):%& )] + 𝛽𝑓(𝑚)'(#
&)#      (1) 

 
On the other hand, in the field of forecasts of time series, one of the most used methods is the Holt-

Winters method. This is a triple softening exponent method and has the advantage of being easy to 
adapt as new real information is available. The Holt-Winters method is an extension of the Holt 
method that considers only two softening exponents. Holt-Winters considers level, trend and seasonal 
of a certain series of times. This method has two main models, depending on the type of seasonality, 
the seasonal multiplicative model and the seasonal additive model [23]. Pérez, et al. [22], assure that 
this method is frequently used for items with seasonal demand and requires start-up values, using 
historical data. 

Forecasts provide a competitive advantage for companies, through these tool managers try to 
always make better estimates of what will happen in the future, the main objective of making forecasts 
is to make good estimates, a good forecast represents an essential part of the operations of efficient 
services and manufacturing [22]. 

3. Evaluation and diagnosis of the data 
This research describes the impact of the estimation of the points of change in the prognosis of the 
demand for medicines in an entity that provides health services, by using historical numerical data, 
together with its analysis. The health provider has a systems area that is responsible for maintaining 
digital records of the sales of medicines made to their patients, likewise the pharmacy area, has the 
support of a software for the registration of the movements of medicines. 

It is also worth mentioning that the organization does not have defined methods for calculating the 
demand forecasts for medicines. The medication requirements are the responsibility of the pharmacy 
manager, who based on his experience determines the amount necessary for the correct provision of 
the service. Due to the nature of the entity, and its principles, including the quality in the provision of 
the service, it is not possible that there are unmet demands. In the event that an unforeseen event 
occurs in the supply chain, the physicians of the entity are informed in a timely manner, they approve 
the absence of one medication with another, thus avoiding complications in the patients' health. 

The consumption records were found in a database with the historical record of the demands of the 
health service provider. 

For the study, an analysis is made of the information provided by the pharmacy of the case study 
entity, where a list of 315 medications was taken into account, and a consolidated demand for each 
one is made during a period of 313 weeks. Within the analysis of the information collected is shown in 
Table 1, the description and presentation of the six drugs that stand out from the total list, due to their 
high level of demand during this period of time. For the analysis of the demand by means of the PC 
theory, the data of Acetaminophen syrup 150 mg / 5 ml fco x 60 ml will be used, which is a medicine 
that is intended for children between 1 and 12 years old; whose characteristics are each 100 mL of 
syrup contains acetaminophen 3g, and its sanitary registration before INVIMA is 2017M-007901-R3 
A 2006M-007901-R2. 
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Table 1. Consolidation of drugs with the highest demand. 
 Name of the medication Total demand for 

314 weeks (un) 
Average weekly 

demand (un) 
1 Acetaminophen 500 mg tab 379901 1209 
2 Acetaminophen Syrup 150 mg / 5 ml FCO x 60 ml 78320 249 
3 Dipyrone magnesium 2 g / 5 ml amp 210921 671 
4 Ranitidine 50 mg2 ml amp 169824 540 
5 Tramadol 50 mg1 ml amp 114970 366 
6 Metoclopramide hydrochloride 10 mg amphotericin 110574 352 

4. Analysis and discussion 
For the development of this research, R® was used. Figure 1 to Figure 4 summarize the sequence of 
data analysis. As can be seen in Figure 1, in some periods there are abrupt changes in the series, these 
are the points of change which are the objective of the investigation. In Figure 2, the components of 
the series are observed (trend, seasonality and randomness). For the series of Figure 2, changes in the 
mean and in the variance are observed, this happens because there was a change in the level and the 
variance was reduced, by decomposing the series we can analyze each of the patterns that the series 
takes over time to identify if there is growth (as seen from the beginning of 2012 until 2014), or a 
decrease (from 2014 to 2017), analyze the patterns of change that are recurrent (it is observed that the 
patterns in the seasonality are repetitive during each year), and interpret the fluctuations caused by 
unpredictable events (in mid-2013 the randomness of the series reaches its highest point and in mid of 
the year 2014 reaches its lowest point). 
 

  
Figure 1. Weekly demand series acetaminophen 
syrup 150 mg / 5 ml x 60 ml fco. 

Figure 2. Components of the time series. 

 

  
Figure 3. Holt-Winters smoothing of the observed 
weekly demand – adjusted. 

Figure 4. Demand forecast acetaminophen 
syrup 150 mg / 5 ml fco x 60 ml. 

 
Figure 3 shows that the exponential smoothing adjusts the expected data to the observed data, 

within the smoothing parameters only α is assigned equal to 0.52. On the other hand, the sum of the 
square errors (SSE) of the prediction function is calculated, which gives a value of SSE = 1278134. In 
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Figure 4, the forecast is represented with the Holt-Winters method of 10 periods for the analyzed data 
series. The results of the forecast can be seen in Table 2, where the estimated demand during the next 
10 weeks with its respective tolerances is evidenced. 
 

Table 2. Consolidated demand forecast for 
acetaminophen syrup 150 mg / 5 ml fco x 60 
ml for the 10 future periods. 
Period Estimated Upper limit 

(UL) 
Lower limit 

(LL) 
1 258.47 393.32 123.63 
2 258.47 411.00 105.94 
3 258.47 426.84 90.11 
4 258.47 441.31 75.64 
5 258.47 454.72 62.23 
6 258.47 467.26 49.68 
7 258.47 479.10 37.85 
8 258.47 490.33 26.62 
9 258.47 501.04 15.91 
10 258.47 511.30 5.65 

 

Table 3. Consolidated demand forecast for 
acetaminophen syrup 150 mg / 5 ml fco x 60 
ml for the 10 future periods in the new series. 
Period Estimated Upper limit 

(UL) 
Lower limit 

(LL) 
1 148.29 282.68 13.90 
2 148.29 301.05 -4.47 
3 148.29 317.44 -20.86 
4 148.29 332.38 -35.80 
5 148.29 346.20 -49.61 
6 148.29 359.11 -62.52 
7 148.29 371.27 -74.69 
8 148.29 382.80 -86.22 
9 148.29 393.80 -97.22 
10 148.29 404.32 -107.74 

 

 
According to the results obtained in R, the calculation of the forecast using the Holt-Winters 

model, the demand for Acetaminophen syrup from period 1 will be ≈258 units of weekly medication. 
After having made an analysis, it is useful to be able to trace the change points in the original data 

to visually inspect if the estimated change points are reasonable. For this purpose, a tracing method is 
included, for example, a change in the variance is denoted by a vertical line at the location of the 
change point, while a change in the mean is indicated by horizontal lines, which represent the mean 
value in different segments within the study series [22]. The results obtained from the estimation of 
the change points of the case study series show that the number of PCs when there are variations in the 
mean is 288, when there are changes in the variance 3 PCs appear whose location are in the data 69 
(PC 1: corresponding to the date 2013-04-21, demand of 334 units), 76 (PC2: 2013-06-30, demand: 
249) and 283 (PC3: 2017-05-28, demand: 215); and finally there are 7 PCs estimated when there are 
changes in the mean and variance (location: 43, 45, 182, 234, 283 and 310). 
 

 
Figure 5. Estimation of change points in mean and variance. 

 
The next step for the analysis of the data series consists in the estimation of the change points. It is 

important to mention that for the development of this research the estimated PCs were taken into 
account when there are changes in the variance, the other results will be the object of study for future 
research.  

Therefore, once the PCs are estimated and located in the variance, the objective is to perform again 
the steps illustrated in Figure 1 to Figure 4 and compare the results when they are estimated, and the 
PCs are not estimated in the forecast of the demand. 
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As can be seen in Figure 5, in PCs in the variance the three CPs are clearly seen, for the 
comparison of the forecast the data that appear from PC 2 was taken into account (date: 2013-06-30, 
demand: 249). For Holt-Winters or for any strategy the results will be depending on the previous 
observations, what is done is that the new forecast takes into account the data that appear from the 
second PC, and once this PC occurs, the behavior of the new series is analyzed, with this it becomes 
steps 1 to 4 described above that is what you want to test, since in the history of the series is the first 
PC that does not get up again. Studying the new series, the results obtained are shown below in Table 
3. The sum of the square errors of the prediction function that for this case gave a value of SSE = 
1001440. And the calculation of the forecast by the Holt-Winters model of the demand for 
Acetaminophen for the new series during the 10 periods will be ≈ 148 units of weekly medication. 

5. Conclusions 
Comparing the results of the calculated forecasts with the original series and the new series (taking 
into account the estimation of the CPs in the variance) the SSE decreased considerably by 14%, and 
the forecast for the 10 future periods decreased by 110 units. For the use of this methodology in this 
class of studies it is important to have a large volume of data between the points, given that if there are 
consecutive perturbations in the series it will be difficult to estimate the forecasts. 

For this study when PCs were estimated in the case of variance, it can be clearly seen that there is 
at the end a PC of change in variance (PC # 3) of the original series (see Figure 5), for this case if the 
data from this disturbance was estimated, and the size of the new series is very short, which made it 
difficult to estimate a forecast since there is no change in the period of the series. 

With respect to considering the points of change in the mean, or in the variance, or in the mean and 
variance it is done through the decomposition of the series (see Figure 2), when there are changes in 
the trend and that change is not different over many observations in time, that kind of series for this 
type of studies would not work, because it means that the series varies in a very consecutive way as 
the case of a series of time in the price of the dollar because of the number of fluctuations that it has in 
real time, and not will be used to calculate long-term forecasts. Contrary to what happens in the series 
of this investigation of acetaminophen in syrup where clear intervention is noted that is why the PC is 
estimated and based on this estimate make the predictions allowing a better prediction. 

For the purposes of this investigation, the new time series was taken from PC 2, until the last data 
corresponding to No. 313 (date: 2017-12-24, demand: 66) (Figure 5), rejecting PC 3 for the purpose of 
making several calculations. The calculation of the forecast was made with the data that appear after 
PC 3, and it was evidenced that the forecast could not be made since there is no change in the period 
of the series. Also to conclude a third calculation was made with a new series taking the data that is 
between PC 2 and PC 3; and in this way it was evidenced that the forecast can be further improved, so 
that the SSE took a much lower value than that previously calculated equal to 996046.5. 
Through this research a theoretical contribution is made in the methodological development for the 
estimation of forecasts when applied in the analysis of the demand of medicines to a health entity. 

Consequently, the application of the change points model serves as a tool to analyze the aspects, 
variables and processes that affect the forecast of the demand and recalculation of the inventory level 
for the company that wishes to study. 
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