China's demand forecast and prevention of vaccine-optimal allocation model to establish 
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摘要 Summary 

我國衛生主管機關以往在決定全國性預防接種疫苗需求量時，由於電腦化及決策制定相關的資訊不足，無法以較為客觀且科學化的模式及方法來進行推估或預測其需求量，易發生疫苗數量過剩或不足以及管理上的困難，更造成國內醫療成本的負擔。 China's health authorities in the past in determining the demand for a national preventive vaccination, due to computerization and decision making related to insufficient information, can not be more objective and scientific approach to model and estimate or predict their demand, high incidence of the number of excess or shortage of vaccine and management difficulties, but also result in the medical cost burden. 另外，對於實際執行疫苗接種的各地方衛生所亦無法提供正確的單 / 多劑量疫苗需求分配量。 In addition, the implementation of vaccination for the local health clinic can not provide the correct single / multi-dose vaccine distribution volume of demand. 

本研究提出合理且科學化的推估程序來制定單 / 多劑量疫苗需求量及最適化分配模式之研究。 In this study, reasonable and scientific estimation process to develop a single / multi-dose vaccine demand and optimal allocation model study. 過程中分別應用時間序列 -ARIMA 及倒傳遞類神經網路進行預測下一年度「疫苗總施打數」與「新生兒出生數」，之後推估出下一年度疫苗總需求量，並配合單 / 多劑量疫苗分配比例的計算，以得到縣市各衛生所「最適數量」及「最適成本」的兩種疫苗分配量，之後進一步加入考量單 / 多劑量疫苗的購買價格，以推估出下一年度疫苗購買成本的參考。 Were applied during the time series-ARIMA and the back propagation neural network to predict the next year, "the number of vaccine injections for total" and "birth number", after estimating the total demand for the vaccine next year, and with a single / multi-dose vaccine calculation of the ratio to get the county and municipal health centers "optimal number" and "optimal cost" of the two vaccines assigned amount, after considering further by adding a single / multi-dose vaccine purchase price in order to estimate the following a vaccine purchase cost of the reference year.   

經實證結果，本研究可依地方衛生所為導向，建立準確的年度疫苗需求量推估及進行單 / 多劑量疫苗最適化的分配，如此必能對疫苗的採購、庫存進行有效的控管，並可由此降低採購及庫存成本，以避免醫療資源的浪費。 The empirical findings, the study-oriented accordance with the local clinic, to establish an accurate estimate of the annual vaccine demand and the single / multi-optimal dose of vaccine distribution, so will be able to purchase the vaccine, effective inventory control, and can thus reduce procurement and inventory costs, in order to avoid the waste of medical resources. 

關鍵字：疫苗管理，需求預測，時間序列，類神經網路，最適化分配 Keywords: vaccine management, demand forecasting, time series, neural network, optimal allocation 

Abstract Abstract 

When the Department of Health in Taiwan estimates the vaccine demands, it doesn't use an objective and scientific method. Because it lacks enough computerized systems and information for making these decisions. Therefore it does cause waste or lack of medical treatment resources and it also makes management more difficult and increases the unnecessary cost. In addition, the district health centers also cannot provide correct information of demands and distribution about single-dose and multi-dose vaccines. When the Department of Health in Taiwan estimates the vaccine demands, it doesn't use an objective and scientific method. Because it lacks enough computerized systems and information for making these decisions. Therefore it does cause waste or lack of medical treatment resources and it also makes management more difficult and increases the unnecessary cost. In addition, the district health centers also cannot provide correct information of demands and distribution about single-dose and multi-dose vaccines. 

This research attempts to build a demand forecasting and optimal distribution model for purchasing single-dose and multi-dose vaccines through estimating procedures. This research uses ARIMA and Neural Network respectively to predict “total volume of injection” and “total volume of newborn baby” next year, and tries to estimate the total demand volume of vaccine. The last stage estimates the next year's optimal distributional volume and purchase cost of vaccine for different district health centers based on the total demand volume and distribution ratio obtained from the optimal volume and optimal cost of each kind of vaccine in the next year. This research attempts to build a demand forecasting and optimal distribution model for purchasing single-dose and multi-dose vaccines through estimating procedures. This research uses ARIMA and Neural Network respectively to predict "total volume of injection" and "total volume of newborn baby" next year, and tries to estimate the total demand volume of vaccine. The last stage estimates the next year's optimal distributional volume and purchase cost of vaccine for different district health centers based on the total demand volume and distribution ratio obtained from the optimal volume and optimal cost of each kind of vaccine in the next year. 

According to the experimental results, this research indeed provides a precise estimating model of purchasing vaccine volume and establishes an optimal distribution model for single-dose and multi-dose vaccine. Therefore, the model will help manage effectively for purchasing and stocking national vaccine, and reduce the cost to avoid wasting the medical resources. According to the experimental results, this research indeed provides a precise estimating model of purchasing vaccine volume and establishes an optimal distribution model for single-dose and multi-dose vaccine. Therefore, the model will help manage effectively for purchasing and stocking national vaccine, and reduce the cost to avoid wasting the medical resources. 

Keywords: Vaccine Management, Demand Forecast, Time Series, Neural Network, Optimal Distribution. Keywords: Vaccine Management, Demand Forecast, Time Series, Neural Network, Optimal Distribution. 

壹、前言 I. Preface 

我國疾病管制局預防接種防治組以往在決定全國性預防接種疫苗需求量時，由於電腦化及決策制定相關的資訊不足，無法以較為客觀且科學化的模式及方法來進行推估或預測其需求量，而是概略以經驗及過去供應量，並配合人口成長趨勢來決定每年各項疫苗需求量。 Chinese Center for Disease Control Vaccination Control Section of the national preventive vaccination in determining demand, due to computerization and decision making related to insufficient information, can not be more objective and scientific models and methods to estimate or predict their needs for volume, but the broad experience and in the past to supply and keep pace with population growth trends to determine the annual demand for the vaccine. 然而疫苗依劑量可區分為單劑量及多劑量，單劑量表示疫苗的盛裝為一份劑量的注射器，只可施打一人次，衛生人員執行預防接種作業過程將因此方便且快速；多劑量表示疫苗的盛裝為多份劑量的瓶裝，可給予多人施打，然而因此衛生人員執行預防接種作業過程必須先以空容量的施打針管於多劑量瓶中抽取適當疫苗量再來幫民眾施打，一旦同時間現場待接種人數眾多，如此將使得作業過程緩慢且易於浪費疫苗。 However, according to dose of vaccine can be divided into single-dose and multiple dose, single dose vaccine that dress into a dose syringe, can be applied only to fight a people, health workers operating the implementation of vaccination so easy and quick process; multi-dose vaccine that The costumes for the more than one dose of the bottle, may give people injections, however, implementation of vaccination operation, therefore the process of health workers must be applied to space capacity management in multi-dose injection bottle again taking appropriate amount of vaccine injections to help people, Once the scene to be vaccinated at the same time the large number of jobs that will make it slow and easy to waste vaccine. 例如一般卡介苗為三十劑一瓶，但此疫苗瓶一旦開啟，在開啟保存期限內若無施打完畢，疫苗即失去效用而造成浪費。 For example, a bottle of general BCG vaccine was 30, but this vaccine bottle once opened, save in the opening period finished without injections, the vaccine is ineffective and wasteful. 但是多劑量因為包裝的關係，相對的成本因此低廉許多。 However, the relationship between multi-dose packaging because of the relative low cost of so many. 也就因此，在無法有效管控的情形下，易發生疫苗數量過剩或不足以及管理上的困難，更造成國內醫療成本的負擔。 Also, therefore, can not be effective in the case of control, prone to excess or shortage of vaccines and management difficulties, but also result in the medical cost burden. 另外，對於實際執行疫苗接種的各地方衛生所亦無法提供正確的單 / 多劑量疫苗需求分配量。 In addition, the implementation of vaccination for the local health clinic can not provide the correct single / multi-dose vaccine distribution volume of demand. 因此，以客觀且科學化的方式來制定我國預防接種單 / 多劑量疫苗需求量及最適化分配，應可以改善上述疫苗需求量及分配不佳的一項嘗試。 Therefore, objective and scientific way of making our vaccination Single / multi-dose vaccine demand and the optimal allocation, should be able to improve the distribution of vaccine demand and a poor attempt. 

貳、相關文獻探討 Two, the related literature 

一、 影響疫苗需求量因素之探討 I. Factors affecting demand for vaccines 

疫苗需求量的計算，本身即是一個複雜的問題，經訪談國內疾病管制局預防接種防治組管理人員後，其表示考慮疫苗需求量時所需用到的變數可能有新生兒出生數、疫苗耗損率、疫苗消耗情形等，另加以輔助人口成長趨勢的影響來決定每年各項疫苗需求量，但在此情形下還是容易造成疫苗數量過剩或不足的狀況，尤其單劑量及多劑量的疫苗消耗難以管控，浪費了不少醫療成本。 Vaccine demand computing, is itself a complex issue, After observing for Disease Control, Prevention of immunization against the Group Management Board, after staff, its demand that the vaccine needed to consider the variables used in newborns may be the number of vaccine wastage rate cases and other vaccine consumption, plus to support the population growth trend of the impact of the vaccine to determine Meinian demand, but be easy in this case caused by excess or shortage of vaccines conditions, particularly in single dose and multiple doses of vaccine Xiaohao difficult control, waste a lot of medical costs. 

國內的研究報告中對於疫苗需求量的研究目前只有陳盛儀 [2] 提出了全國性預防接種疫苗最適化採購預測模式建立之研究，其研究中對於影響疫苗需求量的因素曾參考了 Alexander [4] 對於烏克蘭國家在評估疫苗用量時所使用的因素，包括：疫苗可預防疾病的趨勢、疫苗的公開防治效用程度、預防接種時程及疫苗施打完成率、目標人口大小、耗損率等。 Domestic research report, the demand for vaccine research at present only Sheng-meter [2] proposed a national prevention of vaccine procurement best prediction model building study, the study of factors affecting demand for vaccines has reference to Alexander [4] The amount of the Ukrainian State in assessing the vaccine used by the factors, including: the trend of vaccine-preventable diseases, vaccine effectiveness of public control the degree of vaccination schedule and vaccine injections completion rates, target population size, attrition rate. 而陳盛儀的研究曾另外經過我國專家學者評選來確立相關可行的影響變數，它除了需考慮 Alexander 所建議的疫苗施打完成率、目標人口數、疫苗耗損率等因素之外，另加入地區淨遷徙人口數及以往歷年的疫苗實際使用量來輔助預測年度疫苗採購量。 And Sheng-Instrument experts and scholars in China have also been selected to establish the possible impact of relevant variables, it should be considered in addition to Alexander the proposed vaccination completion rates, target population, vaccine wastage rates and other factors, the other members of the District of net migration population and in the past years the vaccine practical use to help predict the annual vaccine purchases. 但此一採購量的預估並未分別考慮單 / 多劑量比例、供應商來源及市場佔有率，因此在整體預估值確實有改善的空間及必要。 However, the purchase quantity of this estimate does not consider separately the single / multi-dose ratio of the source and supplier market share, so the overall estimated value does have room for improvement and necessary. 

二、 疫苗需求量的計算 Second, the calculation of vaccine demand 

近年來國外對於疫苗需求量的研究報告中最多被文獻引用的即是世界衛生組織（ World Health Organization, WHO ）於 2002 年公布疫苗成本推估模式 [5] ，如式 1 。 In recent years, foreign demand for the vaccine study in the literature cited the most was that the World Health Organization (World Health Organization, WHO) published in 2002, the vaccine cost estimation model [5], such as type 1. 


其中 Among 

N = 下一年度疫苗總需求量 N = total demand for the vaccine next year  
B = 下一年度新生兒出生數預測值 B = the next year the number of predicted birth  
C = 預期下一年度的疫苗預防接種完成率 C = expected next year's vaccine vaccination completion rate 

T = 一位新生兒施打某疫苗需總劑次 T = 1 neonatal injections of a total doses of vaccine required 

R = 疫苗保留量，即對總需求量之比率 R = retention volume of vaccines, namely, the ratio of total demand 

W = 疫苗耗損率 W = vaccine wastage rate  
S = 當年度疫苗結存量 S = When the year end stock of vaccine 

在式 1 中，若為新疫苗採購的第一個年度沒有結存量，因此 S = 0 ，但本研究探討的疫苗皆為現行法定政策推行的預防接種疫苗，因此 S 需計算進去。 In type 1, if the new vaccine procurement for the first year does not end the stock, so S = 0, but this study vaccine are all existing statutory policy to prevent the implementation of the vaccination, so S be counted. 疫苗需求量的決定，必須考量此疫苗在一段期間內預期的施打人數，另外亦必須考量過去疫苗耗損率的經驗值，補充產生耗損的疫苗數量，最後亦需加入保留量（保留庫存）的考量，才能建構完整的疫苗需求量基本模式。 The decision of vaccine demand, must consider this vaccine in the expected period of time the number of injections, the vaccine also must consider the loss rate of the past experience of value, add the number of vaccine production loss, the final amount should also be added to retain (keep inventories) considerations, to establish a comprehensive basic mode of vaccine demand. 

本研究依 WHO 方式提出了另一種決定需求量方式，如式 2 ，疫苗總施打數， D 。 In this study, according to WHO, proposed an alternative way of demand decision methods, such as type 2, the vaccine the number of total injections, D. 
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其中 Among [image: image2]，因為正常來說，疫苗預防接種完成率， C ，為已接種人數在應接種人數中所佔的百分比，而新生兒出生數， B ，應即為此完成率期間的應接種人數，因此倘若兩者相乘後得到的已接種人數再乘與一位新生兒施打某疫苗需總劑次， T ，即可取得年度疫苗總施打數， D 。 As normal, the vaccine vaccination completion rate, C, for the number of people have been vaccinated should receive a percentage of the number, and birth number, B, should the completion rate for this period should receive the number of people, so if Both have been obtained by multiplying the number of people multiplied by inoculation with a newborn injections of a total doses of vaccine required, T, can get the annual vaccine injections total number, D. 我國預防接種作業中的工作量報表即為疫苗總施打數的記錄。 My job in the workload of immunization vaccines report shall record the total number of injections. 

本研究嘗試分別以式 1 及式 2 來推估年度疫苗總需求量，而其中將分別對於下年度新生兒出生數及疫苗總施打數進行預測，並經比較選擇與我國實際狀況最為接近的預測結果，以作為疫苗分配模式中的總分配量基礎。 In this study, respectively, type 1 and type 2 to estimate the total annual demand for the vaccine, which will birth the next year for the number and vaccines to predict the total number of injections, and with more choice and the actual situation of our closest predicted results, as the vaccine distribution model based on the total distribution volume. 

三、主成份分析 Third, principal component analysis 

主成份分析法（ Principal Component Analysis ）是由 Pearson 首先提出，再由 Hotelling 加以發展的一種統計方法。 Principal component analysis (Principal Component Analysis) first proposed by Pearson, to be developed by the Hotelling's a statistical method. 分析資料的階段中，常碰到必須處理許多彼此有相關性存在的變數，如何將這些變數予以縮減，使其改變為較少數量的互相獨立線性組合變數，是件重要的工作。 Analysis of data stage, often met to deal with each other there is a significant number of variables, how these variables to be reduced, to change the small number of mutually independent linear combination of variables, is an essential work. 主成份分析乃將少數幾個變數予以線性組合，經由線性組合而得到的成份，其變異數最大。 Principal component analysis is to be a linear combination of a small number of variables, obtained by linear combination of elements, the largest of its variance. 換句話說，即在不同成份能顯示出最大的個別差異 [1] 。 In other words, that different components can show the greatest individual differences [1]. 也就因此，由於影響疫苗需求量因素眾多，本研究可利用主成份分析法的特性，找出與已知主要疫苗總施打數及新生兒出生數影響不大的變數，並予以刪除。 Also, therefore, because many factors affect the demand for vaccines, can be used in this study the characteristics of the principal component analysis to identify known major vaccine facilities at bats, and the total number of affected newborns is not a variable, and delete. 

四、時間序列 4, time series 

本研究選取時間序列 -ARIMA 進行預測的原因在於以往國內疾病管制局預防接種防治組在推估下一年度的疫苗購買量及分配量時，是以當年度新生兒出生數為依據，而當年度疫苗預防接種的工作量則作為疫苗量多買或少買的參考值，因此主要以新生兒出生數作為推估標準的方式在本研究中即為單變數的預測方式，又時間序列 -ARIMA 僅需考慮過去資料本身之序列即可作為預測未來發生的狀況，在多項統計的單變數預測方法中有不錯的表現 [3] ，加上每年疫苗預防接種的工作量的是呈季節性時間趨勢的狀況，因此這些原因及特性將使得本研究選取時間序列 -ARIMA 作為預測方法之一。 In this study to predict the time series-ARIMA is due to the past for Disease Control Vaccination of domestic control group to estimate next year's vaccine purchases and distribution of quantities based on the number of the year based on birth, and when the year Vaccination is the workload of the amount as a vaccine to buy more or less to buy the reference value, so mainly the number of newborns as a way to estimate the standard shall be alone in this study the predictive mode, then only the time series-ARIMA need to take into account the sequence information itself can be used to predict the occurrence of future conditions in the number of single-variable statistical forecasting methods have good performance [3], with an annual workload of Vaccination is the seasonal time trends were position, and characteristics of these reasons will be selected for this study as a time series-ARIMA prediction methods. 

五、類神經網路 5, neural network 

本研究選取類神經網路 - 倒傳遞類神經網路（ Back Propagation Neural Networks, BPN ）的原因在於文獻蒐集中得到多項影響疫苗需求量的因素，這些因素彼此之間或許有互相影響的因果關係，若以類神經網路將這些因素作為輸入變數經由網路訓練及試驗，將可得到經這些因素潛在互相影響新生兒出生數及疫苗預防接種工作量為主的輸出變數預測值，而根據以往文獻表示類神經網路在這多變數的預測有相當不錯的結果表現 [6] ，因此這些原因及特性將使得本研究選取類神經網路 - 倒傳遞類神經網路作為預測方法之一。 This study selected neural network - back-propagation neural network (Back Propagation Neural Networks, BPN) because the data were collected to get a number of factors affect the demand for vaccines, these factors interact with each other may have a causal relationship In terms of neural networks to these factors as input variables through network training and testing, will be available through each of these factors affect the potential number of newborns and vaccinations are the main workload of the output variables predictive value, and according to previous literature said neural network in this multivariate prediction results are quite good performance [6], so these reasons and characteristics will be selected for this study neural network - back-propagation neural network as prediction methods. 

參、研究架構與程序 Reference, research framework and procedures 

本研究透過四階段推估程序制定單 / 多劑量疫苗需求量及最適化分配之研究，詳細研究架構與程序如圖 1 。 This study developed a four-stage procedure to estimate a single / multi-dose vaccine demand and the optimal allocation study, detailed study of structure and process in Figure 1. 

第一階段將根據歷年地方衛生所疫苗需求量相關影響因素，經主成份分析法得到「疫苗總施打數」與「新生兒出生數」的主要相關影響決定因素。 The first phase will be vaccination clinics based on historical demand for relevant local factors, obtained by principal component analysis, "the number of vaccine injections for total" and "birth number" of the main factors related to the decision. 

第二階段將根據歷年疫苗總施打數及新生兒出生數之主要相關影響決定因素實際值，應用時間序列 -ARIMA 進行單變數預測及應用類神經網路 - 倒傳遞類神經網路進行多變數預測，以預測下一年度「疫苗總施打數」與「新生兒出生數」。 The second phase will be based on calendar year, the number of vaccine injections and the total number of birth-related impact of the major determinants of the actual value of time series-ARIMA prediction and application of the single variable neural network - back-propagation neural network for multi-variable forecast, to predict the next year, "the number of vaccine injections for total" and "birth number." 

第三階段則將根據 WHO 訂定的年度疫苗總需求量計算方式及本研究提出的計算方式，代入第二階段所得到的預測值以推估出下一年度疫苗總需求量，之後選取適用於我國疫苗實際使用狀況的計算結果。 The third stage will be set according to WHO's annual total demand for the vaccine formula and the calculation of this study, incorporated into the second stage, the prediction values to estimate the total demand for the vaccine next year, then select the applicable China's actual use of the vaccine status of the results. 

第四階段則將對於縣市各地方衛生所進行下一年度單 / 多劑量疫苗需求量最適化分配及成本推估，先經由第三階段得到的總疫苗需求量配合單 / 多劑量疫苗量分配比例的計算，可得到縣市各衛生所的單 / 多劑量疫苗分配量，之後進一步加入考量單 / 多劑量疫苗的購買價格，以推估出下一年度疫苗購買成本。 Phase IV will be places for the county health clinic for the next year the single / multi-dose vaccine optimal allocation of demand and cost estimates of the first through third stages of the total demand for vaccines with single / multi-dose vaccine distribution volume the calculation of the ratio can be obtained county and municipal health centers, single / multi-dose vaccine distribution volume, adding further consideration after a single / multi-dose vaccine purchase price in order to estimate the purchase cost of the vaccine next year. 

本研究對於單 / 多劑量疫苗分配比例的計算方式，考慮到了數量最適化分配及成本最適化分配。 In this study, the single / multi-dose vaccine distribution ratio is calculated, taking into account the number of optimal allocation and optimal allocation of the cost. 經本研究與我國主管預防接種業務之疾病管制局預防接種防治組管理人員討論此研究概念後，預防接種防治組管理人員依經驗提出數量分配的建議，本研究合理成本的單位劑量， t ，亦表示一劑單劑量價格等於多少劑多劑量價格，可取區間來視為單 / 多劑量疫苗數量的分配比例。 After this study and our director of immunization operations for Disease Control Vaccination control group managers to discuss the study concept and vaccination control group managers in accordance with the experience to propose a distribution of the recommendations, the study reasonable cost of unit dose, t, also expressed a price equal to the number of single-dose dose multi-dose price, desirable range to as single / multi-dose vaccine quantity ratio. 預防接種防治組管理人員表示施打劑數若大於合理成本單位劑量多 2 劑，即 t + 2 ，則建議此衛生所的單 / 多劑量疫苗為 1/3 ： 2/3 的分配比例；施打劑數若介於合理成本單位劑量以及 t + 2 之間，則建議此衛生所的單 / 多劑量疫苗為 1/2 ： 1/2 的分配比例；施打劑數若小於合理成本單位劑量則建議此衛生所的單 / 多劑量疫苗為 1 ： 0 的分配比例。 Vaccination treatment group manager, said the number of doses of injections for more than a reasonable cost if more than two unit dose, or t + 2, it is recommended that the clinic's single / multi-dose vaccine is 1 / 3: 2 / 3 of the distribution ratio; injected with doses ranging from a reasonable cost if the number of unit dose, and between t + 2, it is recommended that the clinic's single / multi-dose vaccine for the 1 / 2: 1 / 2 the distribution ratio; this treatment is less than a reasonable cost if the number of doses unit dose is recommended for this clinic, single / multi-dose vaccine for the 1: 0 ratio. 

至於疫苗依成本最適化分配方面，本研究延伸疫苗單位成本的劑量， t ，之想法，由一劑單劑量價格等於多少劑多劑量價格的單 / 多劑量成本比例作為分配量的比例。 The vaccine according to the allocation of the cost of optimization, this study extends the unit cost of the vaccine dose, t, the idea, from a price equal to the number of single-dose multi-dose price of a single dose / multiple dose cost ratio as the ratio of the amount allocated. 經疫苗單位成本的劑量， t ，的計算方式轉換可得到，一劑多劑量價格：一劑單劑量價格 = 單位成本的劑量：多劑量一瓶總劑量。 The unit cost of the vaccine dose, t, is calculated by conversion available, more than one dose of the price: a price = unit cost of a single dose of the dose: total dose multi-dose bottle. 因此若以成本來計算分配數量比例，應即為 QS ： QM = t /( t+L ) ： L /( t +L) 。 If this is the proportion of costs to calculate the amount allocated shall be shall be QS: QM = t / (t + L): L / (t + L). 

肆、實驗與結果分析 Wantonly, Experiments and Results Analysis 

為了讓本研究模式可以適用在大部份不同類型的衛生所，所以本研究挑選人口最多的台北縣為研究縣市對象，以擬作為全國需求預測及分配模式的實驗代表縣市。 To make that the model can be applied in most types of health clinics, this study selected the most populous cities and counties of Taipei County, to study the object to be allocated as a national model for demand forecast and representatives of counties and cities experiment. 在研究疫苗種類的選取上，本研究的疫苗對象則限定白喉百日咳破傷風混合疫苗（ DPT ）、麻疹腮腺炎德國麻疹混合疫苗（ MMR ）兩項不同疫苗進行實證研究。 Selected types of vaccine in the study, the object of this study is limited to diphtheria pertussis vaccine tetanus vaccine (DPT), measles mumps rubella vaccine (MMR) vaccine are two different empirical studies. 

一、預測模式之建立 First, the establishment of a Predictive Model 

經由主成份分析後，本研究分別得到影響 DPT 疫苗的「疫苗施打工作量」各相關決定變數包括新生兒出生數、疫苗應施打數、疫苗已施打數、育齡婦女一般生育率、有偶婦女一般生育率；影響 MMR 疫苗的「疫苗施打工作量」各相關決定變數包括新生兒出生數、育齡婦女一般生育率、有偶婦女一般生育率；以及影響「新生兒出生數」各相關決定變數包括育齡婦女一般生育率、有偶婦女一般生育率。 Through principal component analysis, effects were obtained in this study DPT vaccine "vaccination effort," the relevant decisions of the number of variables, including birth, the number of vaccine should be injected with the vaccine have been injected with the number of general fertility rate of women of childbearing age, there Even women's general fertility rate; impact of MMR vaccine "vaccination effort," the relevant decisions of the number of variables, including birth, child-bearing age women in the general fertility rate, general fertility rates of married women; and the impact of "birth number" of relevant decision variables include the general fertility rate of women of childbearing age, the general fertility rate of married women. 此結果將做為倒傳遞類神經網路實驗時的輸入變數之依據。 The results will be used as back-propagation neural network experiment based on the input variables. 

確定可分析變數之後，本研究分別以時間序列 -ARIMA 及類神經網路 - 倒傳遞類神經網路對於民國八十三年 ~ 九十年疫苗總施打數（ DPT 、 MMR ）、新生兒出生數進行預測下一年度預測值，並與民國九十一年實際值做誤差率比較。 Variables can be analyzed to determine, this study were time series-ARIMA and neural network - back-propagation neural network for the Republic of China 80 years ~ nine decades the number of vaccine injections total (DPT, MMR), birth to predict the next year the number of predicted value, and the actual value and the Republic of 90 year so the error rate is relatively. 經過預測模式實驗，其研究實驗結果的各預測模式的預測的結果及誤差率如表 1 所示。 After forecasting model experiments, the research results of the prediction models predict the results and the error rate shown in Table 1. 由表 1 可得知，就預測模式準確性，本研究以 ARIMA 模式預測而得的 DPT 疫苗總施打數為 103,351 劑（誤差率 4.9% ），倒傳遞類神經網路模式所預測而得的 MMR 疫苗總施打數 31,124 劑（誤差率 1.12% ）、 ARIMA 模式所預測而得的新生兒出生數為 33,619 人（誤差率 8.8% ）等最為準確，將以此進行推估下一年度疫苗總需求量。 Can be learned from Table 1, the accuracy of the prediction model, ARIMA model in this study are derived from the DPT vaccine predict the total number of injections for the 103,351 doses (error rate 4.9%), back propagation neural network prediction model derived MMR vaccine to fight the total number of 31,124 doses applied (error rate of 1.12%), ARIMA model forecasts the number of newborns derived for the 33,619 people (8.8% error rate) and so the most accurate, and will use this to estimate the total vaccine next year demand. 

二、疫苗總需求量推估 Second, the total demand estimate vaccine 

除了疫苗總施打數、新生兒出生數的預測值外，在疫苗預防接種完成率方面，本研究取最近 3 年的預防接種完成率平均值來作為代入值，其中 DPT 為 95.62% ， MMR 為 94.78% 。 The total number of vaccine injections in addition, the number of predicted birth, the completion rate in the vaccine, this study take the last 3 years, the average completion rate of vaccination as a substitution value, where DPT was 95.62%, MMR is 94.78%. 一位新生兒施打某疫苗需總劑次方面，新生兒需施打 DPT 疫苗 4 劑、 MMR 疫苗 1 劑。 A neonatal injections of a total doses of vaccine required, the newborn required injections DPT vaccine 4, MMR vaccine 1. 疫苗保留量的部份，由於我國政策規定是以一年疫苗總劑量的平均三個月可用劑量來作為保留量，因此此值定為 25% 。 The amount of vaccine to retain part of the year because our policies and regulations based on the average three-month total dose of vaccine doses can be used as a retention volume, so this value is set at 25%. 而疫苗耗損率因為現階段難以評估，本研究以 WHO 公布的平均值約 25% 來暫時代入此值。 The vaccine wastage rate because at this stage is difficult to assess, WHO published the study, the average age of about 25% to temporarily enter this value. 至於當年度疫苗結存量，本研究蒐集資料結果顯示至民國九十年 12 月底，台北縣 DPT 疫苗單劑量尚有 75,459 劑、多劑量尚有 173,700 劑，共 249,159 劑； MMR 疫苗單劑量尚有 14,457 劑、多劑量尚有 120,830 劑，共 135,287 劑。 As the year end stock of vaccines, data collected in this study showed that by the end of December to the Republic of ninety years, Taipei County, there are 75,459 single dose of DPT vaccine dose, multiple doses are still 173,700 doses, a total of 249,159 doses; MMR vaccine there are 14,457 single-dose agent, there are 120,830 more doses of agent, a total of 135,287 doses. 

將以上數據代入 WHO 所訂的疫苗需求量計算方式及本研究另外提出的計算方式，發現我國民國九十年 12 月底的疫苗結存量太大使得推估出的民國九十一年的疫苗需求量呈現負值，因此本研究在此排除民國九十年 12 月底的結存量數值，以依據新生兒必需接種的新疫苗的需求用量來做為各地方衛生所分配用量的推導，並假設推導出的疫苗分配用量適當，在民國九十一年 12 月底不致有大量結存的狀況存在。 The above data into the WHO's vaccine requirements set by formula and the study's alternative calculation, we found the Division of Immunization vaccines knot by the end of December so much stock out of the Republic of China 90 year estimate of vaccine demand was negative, this study excluded Division of Immunization at this junction by the end of December the stock value to evidence-vaccinated infants required amount of new vaccine needs to do for the derivation of the local health clinic allocation and consumption, and assuming that the derived appropriate amount of vaccine distribution, the Republican 90 year by the end of December the situation will not have a lot of balance there. 

經修正 WHO 與本研究的計算並比較後，因為考慮到結存量存在的影響，本研究選取計算結果較小者作為在民國九十一年度疫苗總需求量的推估結果：民國九十一年的 DPT 疫苗可採用本研究方式修定後計算而得的 172,252 劑， MMR 疫苗可採用本研究提出的方式修定後計算而得的 51,874 劑。 WHO revised the calculation of this research and comparison, considering the existence of the stock end, the results of this study is the lesser of 91 years as a vaccine in the Republic of the total demand of the predicted results to: MOE The DPT vaccine approach can be used in this study calculated from the 172,252 after the revised dose, MMR vaccine can be used in this study that the method proposed revisions calculated after the 51,874 agents. 

三、疫苗最適化分配及成本推估 Third, the vaccine distribution and optimization of the cost estimate 

在最適化分配模式之中，本研究分別以「最適數量」的單 / 多劑量疫苗分配，以及「最適成本」的的單 / 多劑量疫苗分配兩方向進行評估。 Among the optimal allocation model, the study of "optimum number" of single / multi-dose vaccine distribution, and the "optimal cost" single / multi-dose vaccine with two directions for evaluation. 

[image: image3]
圖 1 ：本研究架構與程序 Figure 1: The framework and procedures 

表 1 ：本研究實驗得到各預測模式的預測結果及誤差率 Table 1: The experiment results of the prediction model and the error rate prediction 

	預測 Forecast 

模式 Mode 
	下一年度疫苗總施打數 Vaccine injections for the next year the total number of 
	下一年度 Next year 

新生兒出生數 Number of newborns 

	
	DPT DPT 
	MMR MMR 
	

	ARIMA ARIMA 
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103,351 劑 103,351 agents 

誤差率 4.9% 4.9% error rate 
	[image: image5]
29,715 劑 29,715 agents 

誤差率 5.9% Error rate of 5.9% 
	[image: image6]
33,619 人 33,619 people 

誤差率 8.8% Error rate of 8.8% 

	倒傳遞類神經網路 Back-propagation neural network 
	網路架構 {5-9-7-1} Network architecture (5-9-7-1) 

：學習速率為 0.7 : Learning rate 0.7 

111,822 劑 111,822 agents 

誤差率 13.45% Error rate of 13.45% 
	網路架構 {3-5-4-1} Network architecture (3-5-4-1) 

：學習速率為 0.9 : Learning rate 0.9 

31,124 劑 31,124 agents 

誤差率 1.12% Error rate of 1.12% 
	網路架構 {2-3-3-1} Network architecture (2-3-3-1) 

：學習速率為 0.1 : Learning rate of 0.1 

40,483 人 40,483 people 

誤差率 9.82% Error rate of 9.82% 


經依台北縣各地方衛生所分配計算得到的結果顯示，民國九十一年台北縣依「最適數量」 DPT 疫苗採購成本共 2,719,755 元（單劑量共為 1,885,327 元，多劑量共為 834,428 元），依「最適成本」 DPT 疫苗採購成本共 2,071,322 元（單劑量共為 1,035,291 元，多劑量共為 1,036,031 元）。 The Taipei County, according to local health center distribution calculated results show that the Republic of China, Taipei County, 90 year, according to the "optimum number" DPT vaccine procurement, total cost of 2,719,755 dollars (a single dose of a total of 1,885,327 yuan, multi-dose for a total of 834,428 yuan), according to the "best cost" DPT vaccine procurement, total cost of 2,071,322 dollars (a single dose of a total of 1,035,291 yuan, multi-dose for a total of 1,036,031 dollars). 而民國九十一年台北縣依「最適數量」 MMR 疫苗採購成本共 5,548,164 元（單劑量共為 3,039,400 元，多劑量共為 2,508,764 元），依「最適成本」 MMR 疫苗採購成本共 5,412,951 元（單劑量共為 2,706,300 元，多劑量共為 2,706,651 元）。 The Republic of China, Taipei County, according to 90 a year, "the optimal number of" MMR vaccine purchase cost of 5,548,164 dollars (a single dose of a total of 3,039,400 yuan, multi-dose for a total of 2,508,764 dollars), according to the "best cost" MMR vaccine purchase cost a total of 5,412,951 yuan (single dose for a total of 2,706,300 yuan, multi-dose for a total of 2,706,651 dollars). 另外由台北縣民國九十年 12 月底的疫苗實際結存記錄表示疫苗結存成本， DPT 疫苗共 3,659,476 元， MMR 疫苗共 12,073,508 元。 Also by the Taipei County Division of Immunization vaccines by the end of December, said the actual balances recorded balance of the cost of the vaccine, DPT vaccine a total of 3,659,476 yuan, MMR vaccine a total of 12,073,508 yuan. 由結果可得知，民國九十年的疫苗結存成本竟然遠大於本研究推導出民國九十一年的需求成本，可見民國九十年的疫苗採購成本浪費甚鉅。 The results can be informed that the Division of Immunization vaccines balance of the cost of even much larger than derived in this study the needs of MOE cost, see Division of Immunization vaccines hugely wasteful procurement costs. 因此本研究分別以實際需求的疫苗數量以及節省最低的購買成本為出發點，將可有效獲得疫苗採購決策以及分配制定的參考範圍，以作為衛生主管機關在年度總預算編列的有效參考依據。 In this study the actual needs of each of the vaccine and save the minimum amount of the purchase cost as the starting point, would be effective in the procurement decision-making and the allocation of access to vaccines developed frame of reference, as health authorities in the total annual budget of the effective reference. 

伍、結論與建議 Wu, conclusions and recommendations 

本研究經模式建立並進行需求量及分配量的推估，研究結果顯示本研究實驗過程確實可順利推估出單 / 多劑量疫苗的地方衛生所最適化分配及年度採購成本的評估。 In this study, carried out by model building and estimate the amount of demand and distribution of research results, this experiment really smooth estimate the single / multi-dose vaccine optimal allocation of local health clinics and annual procurement costs of the assessment. 其中本研究對於下一年度疫苗總施打數以時間序列 -ARIMA 模式預測與實際值的誤差率僅有 4.9% ，以類神經網路 - 倒傳遞類神經網路模式預測與實際值的誤差率更僅有 1.12% 。 In this study, in which the vaccine for the next year the total number of injections for time series-ARIMA model to predict and the actual value of the error rate was only 4.9%, by using neural network - back-propagation neural network for predicting the error rate and the actual value only 1.12% more. 另外對於下一年度新生兒出生數以時間序列 -ARIMA 模式預測與實際值的誤差率亦僅有 8.8% 。 In addition to birth the next year the number of time series-ARIMA models to predict and the actual value of the error rate of only 8.8%. 其結果皆顯示本研究預測模式對於下年度疫苗需求量的決策過程，實能提供有力的參考數據並給予準確的判斷，進而配合本研究提出的年度疫苗總需求量計算方式，或參考 WHO 訂定的方式，皆可順利推估出年度疫苗總需求量，加上本研究提出的單 / 多劑量疫苗分配比例計算方式，對於縣市各衛生所的年度單 / 多劑量疫苗需求更能給予合理的參考。 As a result, predictive models are shown in this study demand for the vaccine next year decision-making process, can indeed provide a powerful reference and provide accurate judgments, along with the annual vaccine this study calculated the total demand, or refer to WHO set approach may apply to a smooth estimate the total annual vaccine demand, coupled with this study, single / multi-dose vaccine allocation ratio calculated for the county and municipal health center's annual single / multi-dose vaccine needs to be more reasonable reference. 

然而本研究過程中仍有遇到不少問題與限制，其一是本研究因為無法直接以全國的衛生所做為研究對象，因此只以台北縣的衛生所為代表性研究對象，未來若能取得多個縣市的資料進行分析比較，將可瞭解預防接種狀況在不同縣市間的差異性。 However, the course of this study are still encountered many problems and limitations of this study is because one can not directly to the country's health centers as research objects, so only representative in Taipei County's clinic for the study in the future if we can multiple counties and cities were analyzed and compared the data will be about vaccination status of the differences between different counties and cities of. 

其二是疫苗需求量的計算方式中的疫苗耗損率本研究是以 25% 作為 DPT 及 MMR 的一般耗損率，然而據實際的瞭解，不同疫苗的耗損狀況也不同，每年的狀況也不同。 The second is the calculation of demand for the vaccine in the vaccine wastage rate of 25% in this study is the general wear and tear DPT and MMR rates, but according to the actual understanding of the depletion status of different vaccines are different, each situation is different. 未來的後續相關研究，應致力對於我國各疫苗耗損率狀況進行深入瞭解，以消除其不確定性的限制。 Future follow-up studies, the vaccine should be committed to our understanding of the status dropout rate, to eliminate the uncertainty limits. 

其三是本研究雖然已推導出符合本研究目的之地方衛生所單 / 多劑量疫苗最適化的分配，然而因為研究資料的不足卻無法與實際民國九十一年台北縣各地方衛生所 DPT 單 / 多劑量疫苗及 MMR 單 / 多劑量疫苗的狀況做比較，只能經由專家確認其模式可行性。 Third, although this study has the purpose of this study are derived consistent with the local health clinic single / multi-dose vaccine optimal allocation, but because of lack of information but not the actual year of the Republic of 90 local health centers in Taipei County, a single DPT / multi-dose MMR vaccine and single / multi-dose vaccine compared the situation can only confirm the model by experts feasibility. 至於是否真能作為我國疫苗分配的「最適化」模式，乃須經由衛生主管機關進一步衡量此分配模式與我國政策的配合程度，才能確立其模式的價值性。 The really serve as a vaccine distribution in China, "optimization" mode, is subject to further assess the health authorities in this distribution model and the degree of cooperation with our policies in order to establish the value of its model. 

綜合本研究結果，預防接種單 / 多劑量疫苗需求量預測模式及最適化的分配的建立，將協助我國在預防接種疫苗的管控上更為有效，若未來能針對本研究限制之不足之處進行深入探討與研究，相信將使得需求預測及最適化分配模式能更為完善，期以加惠國人醫療品質的提昇及作為衛生決策制定的有利依據。 Comprehensive results of this study, immunization single / multi-dose vaccine demand forecasting models and optimal allocation of the establishment, will assist our country in the prevention of control of vaccination is more effective, if the future can address the limitations of the study of the weaknesses of the in-depth study and research, I believe will make the demand forecast and optimal allocation model can be further improved in order to increase benefits of improving the quality of Chinese medical and health decision-making as a favorable basis. 
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