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·1. Introduction 
Most of the nations in the world have their own health care systems (HCS), so 

there are many different methods in the world. Each system has its advantages and 
disadvantages, so it’s difficult to say that one system is absolutely better than another. 
There are many methods that can evaluate the HCS, and many organizations (e.g. 
WHO, OECD) or nations (e.g. US, British) have constituted various metrics to 
evaluate them. Thus the work of building model to evaluate the HCS is significative. 

In this paper, first, we simply introduce the evaluation mechanisms of some 
organizations and nations, and then we propose our metrics and build a model to 
evaluate the HCS. We attribute the problem as a multi-attribute decision-making 
problem, to solve it more accurately; we use the algorithm that combines the AHP and 
TOPSIS together. Second we consider how to allocate the resources, in order to 
improve the system. Then we build three resources allocation model. Finally, we take 
Sub-Sahara Africa as an example to test our models and we give definite number of 
resources to each intervention. Meanwhile we suggest 8 important interventions. 
 

·2. Basic Assumption  
 ·We don't consider the new nations that joined WHO after 1999, and the number 

of the member nations is 191; 
 ·The raw data we quoted in our paper is accurate. 
 ·We only consider the resources of finance. 
 

·3. Key Terms: 
·WHO---World Health Organization 
·HCS---health care systems 
·NHS---nation health service 
·WHR---World Health Report 
·OECD --- Organization for Economic Co-operation and Development 
·DALY---Disability-adjusted life year 
·DALE--- Disability-adjusted life expectancy 
·HALE--- Healthy life expectancy  at birth 
·AHP---- Analytic Hierarchy Process 
·TOPSIS---- Technique for Order by Similarity to Ideal Solution 
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·4 .Analysis of the status quo 
Nowadays, there are many evaluation mechanisms about the health care system in 

the world. The metrics of them are not absolutely identical. The most authoritative 
evaluation mechanism is the WHO’s. Below we mainly describe the evaluation 
mechanism of WHO. Meanwhile, we also formulate some other evaluation 
mechanisms. 

 

·4.1 Evaluation Mechanism of WHO 

·4.1.1 The metrics of WHO 
WHO uses five metrics to evaluate a health care system.: 
 

(1).The overall level of health: 
They use the DALYs and DALE to reflect the overall level of the health.. 

 
(2) The distribution of health in the people 

They mostly use the mortality of the children (age<5) and the DALE to reflect 
the distribution of health in the people. 
 

(3) The overall level of responsiveness;  
The measurement of achievement in the level of responsiveness was based on a 

survey of nearly two thousand key informants in selected countries, mostly 
regarding seven elements of responsiveness: dignity, autonomy and confidentiality 
and prompt attention, quality of basic amenities, access to social support networks 
during care and choice of care provider  

.Based on the statistic data, they calculate a index through a complex method. 
They use this index to reflect the overall level of responsiveness. 
 

(4) The distribution of responsiveness; 
They use the uncertain interval of index which is calculated in (3) to reflect the 

distribution of responsiveness. 
 

(5) The distribution of financial contribution 
The measurement of achievement in fairness of financial contribution starts with 

the concept of a household’s contribution to the financing of the health system. The 
health financing contribution of a household is defined as the ratio of total 
household spending on health to its permanent income above subsistence. Total 
household spending on health includes payments towards the financing of the 
health system through income taxes, value-added tax, excise tax, social security 
contributions, private voluntary insurance, and out-of-pocket payments. Permanent 
income above subsistence is estimated for a household as total expenditure plus tax 
payments not included in total expenditure minus expenditure on food. Taking the 
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equity into account, they also calculate an index by using the statistic data. The 
calculated index can be used to reflect the distribution of financial contribution. 

 

·4.1.2 The evaluation method of WHO 
Based on the five basic aspects above, WHO rank all of the member nations from 

small to big (1-199) in eight fields, and then use the method of composite 
measurement to get the overall rank among the nations. 
  The five aspects are constructed based on the weights that derived from the 
results of survey. In WHR.2000, the survey is finished through over one thousand 
public health practitioners from over 100 countries. From the WHR.2000, the 
weights are: 

level of health=25%, distribution of health=25%, level of 
responsiveness=12.5%, distribution of responsiveness=12.5%, fairness of 
financial contribution=25%. 

According to both of the results above, they multiply them separately, and sum the 
five temporal results to get one nation’s overall value, at last, they rank all the 
member nations’ overall values, and conclude the final overall rankings. 

 

·4.2 Some other Evaluation Mechanism  
There are also many other different evaluation mechanisms in the world. They have 
different metrics, for example:  
 

 The OECD’s metrics has about 10 metrics, mainly as follows:  
    The level of health, The resources of health care, The use of health care, The 

expenditure of the health care, The funding of the health care, The social 
protection, The pharmaceutical market, Non-medical determinants of health, 
Demographic information and The economics information. 

 
 American metrics consistent of six parts: 

Security, Timeliness, Effectiveness, Efficiency, Fair and The centricity of the 
patients.  
 

 The British NHS also has six metrics:  
The improve of health, The accessibility of fairness, The effective use of the 
available health care, The efficiency of health care, The experience of the 
patients or the caregivers, and The results of the health care.  
 

There are still many different metrics and we don’t list them here any more. Next we 
will develop our own evaluation model and metrics.  
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·5. Evaluation Model 

·5.1 Confirming the Evaluation Metrics 
·5.1.1 The list of relevant metrics: 
   

In order to determine the quality of a care system, people may use many different 
metrics. Quantities of relevant metrics are as follows:  

(1) DALY 

(2) DALE. 
(3) The mortality of the children 
(4) The life expectancy 
(5).The coverage of the health care 
(6).The cost of the health care 
(7).Coverage for complementary care 
(8).The most critical diseases in affecting overall health 
(9).Percentage of GDP spent on health care 
(10).Percentage of health care costs that goes toward labor/ administrative/ 

malpractice insurance 
(11)Ratio of public to private spending on health care 
(12)Per capita spending on health care 
(13)Growth of per capita spending on health care 
(14)Number of participating physicians 
(15)Per capita sick days 
(16)Fairness of care in terms of age, race, gender, socio-economic class 
(17)Risk factors including Prevalence of current tobacco use in adolescents; 

Condom use at higher risk sex in young people and so on.  
(18)Iniquities in health 
(19) The demographic and socioeconomic factors including Annual population 

growth rate, Population below poverty line and so on. 
(20)The respect for persons in the health care including: Respect for dignity, 

Confidentiality, Auonomy. 
(21)The client orientation in the health care including: Prompt attention, Ouality 

of amenities, Access to social support networks, Choice of provider. 
(22) The ratio of total household spending on health to its permanent income 

above subsistence 
 
·5.1.2. The Original Metrics 
 

According to the above metrics, we can see some of them are not very important 
and some metrics have the same function in evaluating the HCS. Thus we can make 
some more useful metrics by combining these that have similar function, and 
neglecting some less useful metrics of them. Now this paper gives the original metrics. 
They are as follows: 

 5



    Team  # 2497                                                                Page 6 of 34 

(a) Good health  
Apparently this metrics is one important target of the health care system. 
Referring to the WHO, it includes the level of health which contains the above 
metrics of (1) (2) and the distribution of health which contains the metrics of (3) 
(4). 

(b) Responsiveness.  
Referring to the WHO, the Responsiveness is used to reflect the satisfaction of 
people. It also has two aspects. One is the level of responsiveness which 
includes the metrics of (20), the other is the distribution of responsiveness 
which includes the metric of (21). 

(c) Fair finance. 
Referring to the fifth metrics of WHO, this metrics also reflects reasonable 
financial expenditure .It contains the metrics of (22) 

(d) The quality of care.  
Apparently, it is another very important metrics. It is the essential difference 
between a poor and a good health care system. It contains many indicators. 
These indicators are the metrics of (7) ~ (14). 

(e) The equity of health care. 
A good health care system must be an equitable system. Thus this metrics is a 
significant aspect in evaluating the HCS. It covers the above metrics of (5) (6) 
(16) (18).  

In addition, we do not use the metrics of (15) (17) (19). Because they are not the 
key factors in evaluating the HCS. For example the Annual population growth rate 
only reflects the level of health care system partly. A country whose annual 
population growth rate is low may be a poor health care nation or a developed 
country. 
 
·5.1.3. The Drawbacks of Original Metrics 
 
Taking into account of the data that we have found to compute the metrics and the 
realistic significance, we find some drawbacks in our original metrics. The main 
drawbacks are as follows: 

 In the metrics of (a), we can see this metrics uses DALYs and DALE to denote it. 
However, form the WHR2000; we know DALYs is estimated based on the cause 
of death information for each region and regional assessments of the 
epidemiology of major disabling condition. We can see the data of DALYs is not 
the raw data, instead, it is calculated by other information. But this information is 
unavailable. The data of DALE also has the same circumstance. In this paper, we 
use HALE to denote it. You can see this in 5.1.4 

 In the metrics of (b), the data is calculated through investigation. Thus the data is 
not objective. In addition, when we use this data, we have to investigate this 
year’s conditions to get it. Apparently it is impossible 

 In the metrics of (c), the problem is similar to (b), the work of getting each 
household’s data is impossible. 
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 .In the metrics of (d), it contains too many indicators. Some of the data is 
unavailable. e.g. the fairness of care in terms of age, race, gender, socio-economic 
class. Because we can not obtain the detailed data. Below, this paper only 
chooses a few available data of them. 

 
 In the metrics of (e), the data of (16) is unavailable too. So we ignore it when 

meet it. .And we use another indicator to denote (18) 
 
·5.1.4. The Final Metrics 
 
Based on the reality and the drawbacks of original metrics, we get the final metrics 
through modifying and combining the original metrics. The final metrics contain two 
aspects: Quality and Fairness. Both of them also contain two sub-aspects. The final 
metrics are as follows: 

 Quality 
(1)  Quality of Health 

This metrics is used to reflect the level of health. This paper uses the data of 
HALE to denote this metrics. The reason is apparent. If a nation has a good 
health care system, the HALE of it must be high. We also can see this ruler 
from the data we have found. in the WHR2007.  

（2）Quality of Care 
     Similar to our original metrics, the significance of this metrics is equal to 

that of original metrics. Taking the drawbacks of it into account, we can 
modify it to be more useful. Now this metrics contains three indicators: 
Percentage of GDP spent on health care; Per capita spending on health care 
and Ratio of public to private spending on health care. We get this metrics 
as follw: 

                   1 1Quality of Care
3

1A B C+ +
=                     (1) 

     Where: 
A1---Denotes Percentage of GDP spent on health care; 
B1---Denotes Per capita spending on health care; 
C1--Denotes Ratio of public to private spending on health care 

       Note: A1, B1, C1 are not the raw data of them .A1, B1, C1, denotes the 
dimensionless data of them   

       The meaning of this equation [1] is: 
We assume that the contributions of A1, B1, C1 to this metrics are equal, thus, 
the equation [1] can be got easily. 

 Fairness 
(1) Inequities in Health 

Apparently, dissimilar to the other metrics, this metrics is inversely 
proportional to the good health care i.e. the value of Inequities in Health is 
smaller, the health care system is better. This paper uses the data of Under 5 
age Mortality rate to denote this metrics. 
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(2) Coverage of Care 
This metrics is an important metrics too. A large coverage of care denotes a 
better health care system. At first, we define this metrics contain five aspects: 
Antenatal care coverage; Antiretroviral therapy coverage people with 
advanced HIV infections; Immunization coverage among 1-year-olds with 
one dose of measles; Immunization coverage among 1-year-olds with three 
doses of diphtheria, tetanus toxoid and pertussis and Immunization coverage 
among 1-year-olds with three doses of hepatitis B. Later, we found the data 
of Antenatal care coverage are scarce severity. Thus we modify it to contain 
only the last four. We get this metrics as follows: 

 Coverage of Care=
4

HI ME DP HB+ + +                  (2) 

   Where: 
       HI---Denotes Antiretroviral therapy coverage people with advanced HIV 

infections 
ME---Denotes Immunization coverage among 1-year-olds with one dose of 

measles 
DP---Denotes Immunization coverage among 1-year-olds with three doses of 

diphtheria, tetanus toxoid and pertussis 
HB---Denotes Immunization coverage among 1-year-olds with three doses of 

hepatitis B 
Note: Similar to the equation [1], HI, ME, DP, HB are not the raw data of them. HI, 

ME, DP, HB denotes the dimensionless data of them. 
 
The meaning of this equation [2] : 

Similar to the meaning of equation [1], we also definite the contributions of HI, 
ME, DP, HB to this metrics are equal. Thus, the equation [2] can be obtained 
easily. 
 

·5.2 Development 
This problem belongs to the multi-objective decision-making problem. There are 

many algorithms to solve it. Both AHP (Analytic Hierarchy Process) and TOPSIS 
(Technique for Order by Similarity to Ideal Solution) can solve it separately. Here we 
use the algorithm that combines AHP [3] and TOPSIS [3] together. Through this 
method, we can improve the accuracy of the results greatly. We apply this algorithm 
to calculate as follows. 
. 
·5.2.1The major calculation steps of the Algorithm 
 
Step1: Perform pairwise comparisons: 
 

In this step, we define the raw judgement matrix A  through the pairwise 
comparisons between the decision elements (Quality of Health, Quality of Care, 
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Inequalities in Health, Coverage of Care). According to the relative importance table 
between the decision elements [see appendix1], we get A : 

1 7 2 7
1 11 1
7 5
1 5 1 5
2
1 11 1
7 5

A

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥=
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

                                           (3) 

 

Step2: Define the weight vector  and the max matrix  eigenvalue  w maxλ : 

 

maxλ  is A ’s max eigenvalue, and the weight vector  is the eigenvector ofw A  

that is relative to maxλ ,.Using the program tool Matlab, we can conclude the  and 

the 

w

maxλ  easily. 

max 4.0159λ =                                         (4) 

0.8480
0.1103
0.5064
0.1103

w

⎡ ⎤
⎢ ⎥
⎢ ⎥=
⎢ ⎥
⎢ ⎥
⎣ ⎦                                             (5) 

 
Step3: Assess consistency of pairwise judgments: 
 

When , the critical eigenvalue of 4n = A  is: .[3]. In order to make our 

algorithm to be more precise, the 

'
max 4.07λ =

maxλ should be no more than 
'
maxλ .Otherwise, we 

should change the value of A  to satisfy the condition.  
 
Step4: Normalize the decision matrix: 
 

Use the decision matrix Y; we can compute the normalized criteria matrix Z . 

2

1

, 1, ..., ; 1, 2, 3, 4;ij
ij m

ij
i

y
z i m j

y
=

= = =

∑
            (6) 

Step5: Calculate the weighted normalized decision matrix X : 
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, 1,..., ; 1, 2,3, 4;ij j ijX w z i m j= × = =                              (7) 

 

Step6: Determine the ideal ( *X ) and negative-ideal ( 0X ) solutions: 

 

                              (8) 
,

*

,33

max , 1..., , 1, 2, 4

min , 1,...,

i jj

i

x i m j
X

x i m

= =⎧⎪= ⎨
=⎪⎩

        ; 
,

0

,33

min , 1..., , 1, 2, 4

max , 1,...,

i jj

i

x i m j
X

x i m

= =⎧⎪= ⎨
=⎪⎩

1,..., ; 1, 2,3, 4;i m j= =    (9) 

 
Where: Inequalities in Health belongs to cost criteria the others belong to benefit 

criteria.[see 3]. 
 

Step7: Calculate the Euclidean distances of each alternative from the ideal 

solution ( ) and the negative-ideal solution ( ), respectively: *d 0d

 

       

4
* * 2

1

( ) , 1,...,i ij j
j

d x x i
=

= − =∑ m
                             (10) 

       

4
0 0 2

1

( ) , 1,...,i ij j
j

d x x i
=

= − =∑ m
                             (11) 

 
Step8: Compute the comprehensive evaluation index (C) and rank it from large 
to small 
 

                                        (12) 
* 0 0 */ ( ), 1,...,i i i iC d d d i m= + =

With this algorithm, we can solve the multi-objective decision-making problem 
easily. 
 

·5.3 Application 
  Now we will use the above algorithm and metrics to evaluate the HCS of the 
WHO’s members. The data is from the WHR2007.Beacuse this data is the latest. 
From this report, we can get all the data which is necessary to the final metrics. 
Finally, we compare our result with the WHO’s solution that is published in the 
WHR2000. Because the WHO’s solution is very authoritative .Thus we make the 
WHO’s solution to be a standard. Then we use this standard to analysis the accuracy 
of our result. We can see this analysis in the following figure_[1]. 
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                   Figure_[1] The Error Analysis of our result. 

 The Analysis of Figure_[1] 
  In this figure_[1], all the three chart’s X-axis denotes the 191 members of WHO 
those are ranked by alphabetical order. The above chart’s Y-axis denotes the nation’s 
rank in the solution of WHO. The middle chart’s Y-axis denotes the nation’s rank in 
our result. The below chart’s Y-axis denotes the distance between the two ranks 
which can reflect the accuracy of our model, with considering the WHO’s solution to 
be a authoritative standard. 
  From the below chart we can see that most nations’ errors are small--the values of 
errors are smaller than 20; Howere, some nations’ errors are a little larger. There are 
only two nations whose errors are lager than 100.We consider them as abnormal 
points. The existence of the other lager errors is due to the data we have found. We 
use the data of 2004 year to calculate our evaluation model. However, the WHO’s 
solution [2] is obtained by the data of 1999.There are five years between them. This 
matter leads to the nations’ larger errors. 
 

Overall, the results of our model are consistent with the reality. Thus we can say 
our model has a high accuracy.  
 

·5.4 Sensibility Analysis 
Now, we investigate the sensibility of our model. Firstly, we calculate the average 

error value AvE which is compute as follow: 
191

1
( )

191
i

E i
AvE ==

∑
                                            (13) 
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Where: 
E(i)---denotes the error of the i nation. 

Secondly, we calculate each AvE (i) (i=1, 2, 3, 4 ) value under the four conditions 
separately:  
         (1) w (1)=2×w(1) 
         (2) w (2)=2×w(2) 
         (3) w (3)=2×w(3) 
         (4) w (4)=2×w(4) 
So we get: 
 
              Table_[1] The value of AvE under different conditions 
 w 2*w(1) 2*w(2) 2*w(3) 2*w(4) 
The average value 
of error(AvE) 

16.3874 16.6702 16.6911 16.3979 16.3873 

From the Table_[1],we can compute the max deviation D under the four conditions. 

                                            (14) max( ( ) )D AvE i Av= − E

The value of D can reflect the stability of our model. The value of D is smaller, our 
model is more stable. 
According to the equation [14],we compute:  

D=0.3037 
We can see the value of D is rather small. Thus we can say our model has a high 

stability. 
 

·5.5 Case study 
  Firstly we compare the United States with a nation which has a good health care 
system. The nation we selected is Japan. Secondly we compare the United Station 
with a nation which has a poor health care system. The nation is India. In both parts, 
this paper gives the detail analysis. 
 

·5.5.1 United States Vs. Japan: 
 Overview  
According to the WHO’s overall health care system rank among all the member 

nations in WHR2000,Japan is rated the best and the United States ranked 15.Thus 
people can say the health care system of Japan is better than that of United States. The 
below Table_[2] are some metrics’ values of the two nations’ health care systems.  

 
Table_[2] United States Vs Japan 

 Overall 
rank 

Mortality(under-5
male) rank 

Health level 
rank 

Life(male) 
expectancy  

Japan 1 5 1 74.5 
US 15 8 24 70.0 
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Next, we use our metrics and evaluation model to compare the two nations. We 

obtain some useful solutions. 
 

 The Solutions of Comparing 
(1) The solution of comparing with each metrics 
 

 
Figure_[2] The comparison between Untied States and Japan 
 

Here, we compare the two nations under each metrics of ours. 
Notes: The Y-axis of each chart dose not denote the raw data of every metrics It 

denotes the dimensionless value of them. 
From the figure_[2], we can get : 

a) In the metrics of Quality of Health and Coverage of Care, the both values 
are high. This reflects both United States and Japan do well in these aspects. 
However, Japan does better than United States. And the HALE value in 
Japan is higher than that of United States.  

b) In the metrics of Inequities in Health, please note the value of Y-axis; we 
can see both values are small. This reflects the Under 5 age Mortality rate 
in the two nations is very low. From the meaning of this metrics we know 
that the value of this metrics is lower, the heath care system is better. Thus 
Japan also does better than United States in this aspect. 

c) In the metrics of Quality of Care, the value of Japan is smaller than that of 
United States. From the meaning of it, we know the spending of Unite 
States is larger than that of Japan.  Below, we analyses the aspect of 
finance detailedly. 
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(2).The solution of comparing with our model And Financial analysis 

         Figure_[3]  The comparison between Japan and United States 
From this figure_[3] ,we can obtain: 

a) In the right chart, the Y-axis denotes the value of .According to our 

model; we get the solution that the health care system of Japan is better 
than the health care system of United State. In our results, the rank of 
Japan is 1 and the rank of United States is 29. 

*C

b) In the left and middle chart, we can see both the total expenditure on 
health as a percentage of GDP and Per Capita expenditure on health at 
international dollar rate of United States are higher than that of Japan. In 
other words, the United States spends larger financing, but gets smaller 
benefit. Thus we can get another solution: the health care system of Japan 
is more efficient than the health care system of United States. 

 
·5.5.2 United States Vs India 
 

 Overview 
Use the same analysis method as above, we choose one nation which has a poor 

health care system to compare with United States. The nation is India. In the World 
Health Report 2000, India ranked 121 among the 191 member nations. In the below 
Table_[3], we can see some metrics’ values of the two nations’ health care systems. 
            Table_[3]  United States Vs India 

 Overall 
rank 

Mortality(under-5
male) 

Health level Life(male) 
expectancy  

US US 8 24 70.0 
India India 97 134 53.2 
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 The Solutions of Comparing 

(1) The solution of comparing with each metrics 
 

 
          Figure_ [4]  The comparison between United States and India 

Note: The meaning of Y-axis is equal to Figure_[4]; 
 
From this Figure_[4],we can obtain: 
 

a) In the metrics of Quality Health, the value of United States is higher than that 
of India. This reflects that the HALE value of United States is higher than that 
of India. 

b) In the metrics of Quality of Care, the value of India is greatly smaller than that 
of United States. This reflects the spending of Unite States is much larger than 
that of India. The spending of India is rather small. Below, we analyses the 
aspect of finance between them detailedly. 

c) In the metrics of Inequalities in Health, the value of India is much larger than 
that of United States. This reflects that the Under 5 age Mortality rate of India 
is much higher than that of United States. 

d) In the metrics of Coverage of Care, the value of United States is larger than 
that of India. This reflects the coverage of care rate in United States is bigger 
than that of India.  
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(2).The solution of comparing with our model And Financial analysis 
  

 
  Figure_[5] The comparison between United States and India  

 
From this figure_[5], we can get: 
 

a) Similar to the figure_[5], the Y-axis of the right chart denotes the value of 

.Thus we get one solution: the health care system of United States is better 

than that of India. In our results, the rank of India is 136. 

*C

b) In the middle and left charts, we can see both the total expenditure on health as a 
percentage of GDP and Per Capita expenditure on health at international dollar 
rate of United States are higher than that of Japan. According to the above 
solution (a), we can say the high sending of health care bring some benefits to 
United States. 

 
·5.5.3 The Solution of Case Study 
 

According to the solutions of 5.5.1 and 5.5.2, we get this solution: 
The health care system of United States is not as good as that of Japan, however, 

it is much better than that of India. The high spending health in health care of United 
States brings some benefits to it certainly, but its health care system is not very 
efficient.  
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6. Resources Allocation 

Above, we have built the Evaluation Model to measure the good of health care system, 
in the following; we will use it as a guide to consider how to improve the system. As 
to improve the system, this paper will focus on how to allocate the resources. 

·6.1 Introduction to resources allocation 

 Nowadays, there are many ways to study how to improve the health system, we 
focus our attention on how to allocate the scarce resources to improve the health 
system as much as possible. Since 1970, the number of published studies using 
cost-effectiveness analysis has been steadily rising, reflecting a growing concern for  
the appropriate use of scarce health sector resources [8]. 
 The World Bank promoted the World development report 1993: investing in 
health [6], the concept of using cost-effectiveness of health sector interventions and 
the burden of disease of health problems to develop essential packages of clinical and 
preventive care [8]. 
 

·6.2 WDR Overview 
Organizations such as the Oregon Health Services Commission, and WDR, have 

built up databases in order to supply information to help government or institutions to 
make polices or study. We are glad to introduce WDR briefly. The methodology for 
setting priorities in WDR can be shown in the following figure [from 9] 
 

 
          Figure_[6] The methodology for setting priorities in WDR 
The WDR has two major jobs: 
(1) Estimating the burden of the disease 
 WDR analyses how diseases affect people’s life, and turn into the unit of DALYs.  
(2) Estimating the cost-effectiveness of intersections. 
 Also WDR list valuable interventions, and analyzes:  

1. The cost of each intervention; 
2. How each of them affects the diseases. 

The whole system can be described as the following figure_ [7]: 
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               Figure_[7]:The Whole System 
(3) The policymakers will decide how to allocate the resources to the interventions. 
So, different allocations will result in different returns (such as DALYs). 
 

·6.3 Analysis 
 WDR has study the above (1),(2) process, and built respective database. 
Especially, WDR apply the economic theory to give a rank of the interventions due to 
the ratio of costs and effects, which are the cost of per DALY gained. So the 
policymakers can observe the relative priority of each intervention. While there comes 
a problem: How many resources (such as the country’s budget) will each intervention 
get? It’s still a handicap for the policymakers. So, we will build our models to 
determine the exact quantity of resources that should be spent on each intervention. 
 

·6.4. Basic optimization model 
·6.4.1 Key terms 

Intervention--- method use to fight diseases 
CE--- cost-effectiveness, the cost per DALY gained. 
NY---number of DALYs averted per 20% increase in coverage. 
NH--- number of deaths averted per 20% increase in coverage. 

Note: we can get the data from[7] 
 
·6.4.2 Symbols 
 

B: The GDP 

:ρ The percentage of GDP spends on health care system. 

ix : The proportion of resources that the i-th intervention receives. 

ir : CE value of the i-th intervention. 

irl rr− i : CE value’s bound of the i-th intervention. 
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iw : NY of the i-th intervention. 

  : NH of the i-th intervention. iv

ic : The coverage of each intervention 

·6.4.3 Assumptions 
  
·We assume the value of CE is fixed. 
·We assume that NY is constant, which means every 20% increase in coverage 

results in the same number of DALYs (or deaths) averted. 
·Though the main resources are finance and human resource [2], we just consider 

the resource of money. 
 
·6.4.4 The Analysis of Model 
 

 Object:  
We determine the only variable x(i) to maximize the DALYs. averted 

 Constraint:  
Since c(i) can’t exceed 100%, the number of DALYs averted  to the i-th 

intervention can’t exceed 5*w(i), through the meaning of CE, we get the bound of 
x(i), for if x(i) exceed the bound, the extra resources make no effectiveness. 

We receive our optimization model in the following: 

1
ax

n
i

i i

x Bm
r=

⋅∑                                       (15) 
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⎨
⎪ ≤ ≤ ⋅ =⎩

∑                    (16) 

Obviously, it’s a problem of linear programming, we can use Matlab optimizing 
toolbox to solve it. 
 

·6.5. Monte Carlo Model 
 In the optimization model, we make three assumptions. While in reality, the 
statistic always varies in a range, rather than being fixed. We can get the statistic of 
the range in article [7]. So, in this model, we get rid of the first assumption, which 
means the value of CE is a variable, rather than a constant. 
 For simplification, we assume the value of CE satisfy the uniform distribution in 
its statistic range. To capture the nature of a random variable, we would like to use the 
Monte Carlo method. Based on the basic optimization model, we generate CE value, 
satisfying the uniform distribution in statistic range. We test this experiment 1000 
times, then we calculate the average value of each valuable, such as x(i). Also we can 
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use Matlab to achieve our objective. 
 

·6.6 Marginal Utility Model 
In reality, we know that when the coverage increases from 0 to 20%, the increase of 

DALYs will be apparent, while, when it is close to 100%, the utility will drop down. 
This is famous marginal utility theory in economic. 
 In this model, we get rid of the second assumption in the basic optimization 
model, which means NY is a function of the coverage.  

We define utility function: ( )i i icη η= , which represents the utility of NY, and we 

denote the new NY to be , and the statistic one as , so we got   

                         (17) 

'
iw iw

' ( ) ( )i i i i iw c w cη= ⋅

In order to determine the form of iη , we make three assumptions first: 

1. To simplify, we assume it as a linear function. 

2. When , we assume the utility to be half of the normal level. 100%ic =

3. The average value of iη , equals1. 

So we have: 
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Thus we get: 
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Here we would like to emphasis that in this model we will set as the 

independent variable. Though we know the relation between

ic

ix and : ic

5i i ix rw B= , we will not consider ix as independent variable, or the constraint 

will be very complicated. In our way, we divert the difficulty to the object, while 
it’s much easier to solve. Mathematic model as: 
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It’s a Quadratic Programming problem; we can solve it in the similar way. 

·6.7 Sub-Sahara Africa Study 
 Many reports and articles [6][8] choose Sub-Sahara Africa as a important case to 
study, so the data about it is adequate. And for the poor health system of it we also 
choose it as our case to run our model. 
 
6.7.1 Interventions and data collection 
[7] provide 319 interventions and there information including Sub-Sahara Africa, 

where 51 of them have the data about and CE is evaluated using $/DALYs. We 

choose these 51 as our study object. The data is collected in appendix.2 .We preserve 
the original sequence of each intervention in the second column. The first column is 
the sequence we use in our paper. In the following discussion, we will use their 

sequences to identify them. Till now  are all available, and we set  

iw

, , , ,i i i ir rl rr w vi

7340 10 ($), 3%B ρ= × = [8]. 

·6.7.2 Results 
·6.7.2.1 The results’ analysis of Three Models 
 

 The results’ analysis of Basic optimization model 
 
Apply the data to the basic model, we run our program [appendix 3] to receive 

the following result: 
 
                             Figure_[8] 

 
Total DALY averted:  6129417 

Total death averted:  6105 

 21



    Team  # 2497                                                                Page 22 of 34 

The first figure shows the definite number of dollars spending in each 
intervention. The second shows the definite DALYs averted by each intervention 
We can see that the most finance is only spent in 7-8 interventions. On one hand, it 
imply that those 7-8 interventions have high priorities, on the other hand the 
consequence that 4/5 interventions receive no resources, is mainly caused by our 
second assumptions. 
 

 The results’ analysis of Mentor carol Model 
 

Figure_[9]  
 

 
Total DALY averted:  6129417 

Total death averted:  6105 
 
 
This figure has the same meaning as above. We can see that the basic 

optimization model and the Monte Carlo model fit each other well. This also means 
that the basic optimization model is robust. 
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 The results’ analysis of Marginal utility Model 
                          Figure_[10]  

 
Total DALY averted:  1798451 

Total death averted:  227 
This figure’s meaning is the same as above. We can see that in our marginal 

utility model most of the intervention receive resources, it reflects the reality much 
more, while we can also see that the total DALY and death averted are much fewer 
that the other two. 
·6.7.2.2 The Guide Results 

Through the above three model’s results, we can find that there are 8 
interventions that receive much higher resources than others. We highly recommend 
those 8 interventions; they are (from good to bad): 

First class: 
1. Insecticide treated bednets  
2. Vaccine containing Hib 
3. Case management package at community, facility, and hospital levels  
4. Improved quality of comprehensive emergency obstetric care 
Second class: 
5. Training volunteer paramedics with lay first Responders 
6. Albendazole 
7. Residual household spraying  
8. Lithium, valproate, with optional psychosocial treatment, community-based 
In order to give out explicit results to the policymakers we run our Monte Carlo 

model at 3%, 5%, 10% percentage of GDP. It can be use as a guide to allocate the 
resources. 

Illustration: 
1st column: The sequence of intervention in our paper. 
2nd column: The sequence of intervention in [7] 
3rd column: The coverage 
4th column: The number of DALYs averted 
5th column: The number of death averted 
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                        Figure_[11] 
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·7.Strengths and Weaknesses 

Strength 
1. Our metrics are representative, and their sources of raw data are available in each 

year’s World Health Statistics. 
2. According to the support of the available raw data, our model can evaluate each 

year’s health care system easily, and our evaluation model is reasonable and 
stable. 

3. We build three different resources allocation models from different aspect, and 
they fit each other well 

4. As to improve the system of Sub-Sahara Africa, we give the definite allocation of 
51 interventions at 3%, 5% and 10% percentage of GDP respectively are clear. 

Weakness 
1. The data we use in evaluation model is the newest provided by World Health 

Statistics: 2007, so it’s not that meaningful to compare the rank given out by WHR: 
2000. 

2. In Resources Allocation, we set the object unit as DALYs, for there is no statistic 
HALE data in this area. 

·8.Future Work 
   The second weakness has obviously affected the relation between our evaluation 
and resources allocation models. In the future work we will focus on this aspect. 

·9.Conclusion 
  1. Through the case study by using the evaluation model, we conclude:  
       The health care system of United States is not as good as that of Japan, 

however, it is much better than that of India. The high spending health in health 
care of United States brings some benefits to it certainly, but its health care 
system is not very efficient. 

  2 .We recommend the 8 interventions to health care system of Sub-Sahara Africa as 
follow: 
First class: 
1. Insecticide treated bednets  
2. Vaccine containing Hib 
3. Case management package at community, facility, and hospital levels  
4. Improved quality of comprehensive emergency obstetric care 
Second class: 
5. Training volunteer paramedics with lay first Responders 
6. Albendazole 
7. Residual household spraying  
8. Lithium, valproate, with optional psychosocial treatment, community-based 
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·Appendix 1 
Comparative 
Importance 

Definition Explanation 

1 Equally important Two decision elements (e.g., indicators) equally 
influence the parent decision element. 

3 Moderately more 
important 

One decision element is moderately more 
influential than the other. 

5 Strongly more important One decision element has stronger influence 
than the other. 

7 Very strongly more 
important 

One decision element has significantly more 
influence over the other. 

9 Extremely more 
important 

The difference between influences of the two 
decision elements is extremely significant. 

2, 4, 6, 8 Intermediate judgment 
values 

Judgment values between equally, moderately, 
strongly, very strongly, and extremely. 

Reciprocals   If v is the judgment value when i is compared to 
j, then 1/v is the judgment value when j is 
compared to i. 

 

·Appendix 2 
 

1  Intervention 1(r) 2(rl) 2(rr) w v 

2 4 

Brief advice to heavy drinkers by primary 
health 
care providers 642 642 642 1.75

0 

3 5 

Lithium, valproate,with optional 
psychosocial 
treatment, hospital-based 4,417 3590 5244 1 0

4 6 

Lithium, valproate, with optional 
psychosocial 
treatment, community-based 3,113 2,498 3,728 1.35 0

5 8 
ACE inhibitor and beta-blocker, with 
diuretic 150 27 274 11.59 0

6 10 

Drugs with optional episodic or 
maintenance 
Psychosocial treatment 1,699 657 2741 3.96 0

7 11 

Oral rehydration therapy for package 
costing $5.50 
per episode 1,062 1062 1062 16.57 58.2

8 12 First-line treatment with phenobarbital 89 89 89 2.99 3.32
9 13 Second-line treatment with Phenobarbital 3,027 2994 3060 0.29 0.32

 27



    Team  # 2497                                                                Page 28 of 34 

and lamotrigine or surgery 

10 22 
Aspirin, betablocker, and optional ACE 
inhibitor 688 451 926 8.4 0

11 23 
Statin, with aspirin and betablocker with 
ACE Inhibitor 2,028 1864 2193 3.54 0

12 24 Coronary artery bypass graft 36,793 36,793 36,793 0.76 0

13 26 
Case management at community or 
facility level 129 50 208 5.15 17.36

14 27 Case management at hospital level 4,530 2916 6144 0.48 1.57

15 28 

Casemanagement package at 
community, facility, 
and hospital levels 398 398 398 11.26 37.86

16 29 

Intermittent preventive treatment in 
pregnancy with 
Sulfadoxine-pyrimethamine 19 19 19 208 827.8

17 31 

Intermittent preventive treatment in 
pregnancy with 
drug other than 
sulfadoxine-pyrimethamine 7 2 11 27.88 77

18 32 Increased primary care coverage 88 88 88 28.28 78

19 33 
Improved quality of comprehensive 
emergency obstetric care 87 87 87 37.86 0

20 34 Improved overall quality of care 83 82 85 53.05 153.2
21 35 Improved quality of care and coverage 86 85 86 56.93 164.14
22 36 Aspirin and beta-blocker 14 13 15 1.04 0

23 37 
Streptokinase, with aspirin and 
beta-blocker 671 671 671 1.04 0

24 38 

Tissue plasminogen activator, with aspirin 
and 
beta-blocker 15,869 15,869 15,869 0.42 0

25 43 
Drugs with optional psychosocial 
treatment 734 384 1084 0.83 0

26 44 
Ayurvedic treatment and levodopa or 
carbidopa 1,132 752 1512 0.13 0

27 45 
Levodopa or carbidopa and deep brain 
stimulation 31,114 31,114 31,114 0.15 0

28 46 

Antipsychotic drugs with optional 
psychosocial 
treatment, hospitalbased 11,920 4105 19736 0.6 0

29 47 

Antipsychotic drugs with optional 
psychosocial 
treatment, communitybased 9,834 2472 17197 0.7 0

30 48 Aspirin 149 149 149 1.62 0.12
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31 49 
Heparin and recombinant tissue 
plasminogen Activator 1,977 1278 2675 1.22 1.7

32 50 Aspirin and dipyridamole 81 70 93 1.77 14.29
33 51 Carotid endarterectomy 1,458 1458 1458 4.93 39.82
34 52 Polypill by absolute risk approach 2,128 773 3483 61.65 0
35 53 Nicotine replacement therapy 396 396 396 37.14 452.05
36 65 Excise tax 1,377 1249 1504 0.62 0

37 66 
Advertising ban and reduced access to 
beverage retail 404 367 441 0.44 0

38 67 
Excise tax, advertising ban, with brief 
advice 631 601 661 2.85 0

39 73 
Legislation with public education to 
reduce salt Content 1,937 1,937 1,937 18.73 0

40 74 Media campaign to reduce saturated fat 2,617 2,617 2,617 13.86 0
41 75 Breastfeeding promotion 930 930 930 0.43 1.33
42 76 Cholera or rotavirus immunization 2,712 2478 2945 0.62 1.98

43 77 

Improved water and sanitation at current 
coverage 
of amenities and other interventions 4,185 1974 4639 3.52 315.3

44 82 
Training volunteer paramedics with lay 
firstResponders 6 6 6 18.42 74

45 83 Staffed community ambulance 120 60 179 34.84 140
46 84 Vaccine containing Hib 733 733 733 29.25 113.83

47 94 
Insecticidetreated bednets 

11 5 17 376
1,429.

6

48 95 
Residual householdspraying 

17 9 24 376
1,429.

6

49 
10
0 

Albendazole 
3 3 3 127.76 1.98

50 
10
2 

Taxation causing 33% priceincrease 
22 22 22 37.27

1,906.
0

51 
10
4 

Increased speeding penalties, 
enforcement,media campaigns, and 
speed bumps 21 3 38 0.67 197.16

52 
10
5 

Enforcement of seatbelt laws, promotion 
of child 
restraints and random driver breath 
testing 2,449 999 3899 0.32 93.87
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·Appendix 3  
 The kernel code of our problem. 
part1: 
 
function opti() 
r=load('C:\Documents and Settings\test\My 
Documents\MATLAB\08mcm\r.txt');%CE 
rl=load('C:\Documents and Settings\test\My 
Documents\MATLAB\08mcm\rl.txt');%CE left 
w=load('C:\Documents and Settings\test\My 
Documents\MATLAB\08mcm\w.txt');%CE 20% 
rr=load('C:\Documents and Settings\test\My 
Documents\MATLAB\08mcm\rr.txt');%DALY per 20% right 
v=load('C:\Documents and Settings\test\My 
Documents\MATLAB\08mcm\v.txt');%death per 20% 
rl=1000*rl; 
w=1000*w; 
rr=1000*rr; 
n=length(r); 
p=0.03; 
B=p*340*10000000; 
u=5*w.*r/B;%x 
f=B./r;f=-1*f'; 
A=ones(1,n); 
b=1; 
l=zeros(1,n); 
[x,z]=linprog(f,A,b,[],[],l,u); 
%########################### 
each_cover=(B*x./r)./(5*w); 
each_daly=B*x./r; 
each_death=each_cover.*v; 
each_cost=x*B; 
disp('cost cover  DALY  death'); 
each=[each_cost,each_cover,each_daly,each_death] 
disp('total DALY saved'); 
z=-1*z 
total_denth=(each_cover)'*v 
% s_x=0; 
% for i=1:n 
%     s_x=s_x+x(i); 
% end 
% disp('total proportion'); 
% s_x 
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%stem(1:n,each_cost); 
 
 
subplot(2,1,1); 
stem(1:n,each_cost); 
xlabel('Intervention sequence');ylabel('Spending($)');title('Spending in Interventions') 
subplot(2,1,2); 
stem(1:n,each_daly); 
xlabel('Intervention sequence');ylabel('DALYs averted');title('DALYs averted by 
Interventions') 
 
part2: 
 
function simu() 
r=load('C:\Documents and Settings\test\My Documents\MATLAB\08mcm\r.txt');% 
rl=load('C:\Documents and Settings\test\My 
Documents\MATLAB\08mcm\rl.txt');%CE left 
rr=load('C:\Documents and Settings\test\My 
Documents\MATLAB\08mcm\rr.txt');%CE right 
w=load('C:\Documents and Settings\test\My 
Documents\MATLAB\08mcm\w.txt');%DALY per 20% 
v=load('C:\Documents and Settings\test\My 
Documents\MATLAB\08mcm\v.txt');%death per 20% 
n=length(r); 
step=100; 
rl=1000*rl; 
w=1000*w; 
rr=1000*rr; 
r_ran=zeros(n,1); 
sum_x=zeros(n,1); 
sum_daly=zeros(n,1); 
sum_death=0; 
for j=1:step 
for i=1:n 
    r_ran(i)=unifrnd(rl(i),rr(i)); 
end 
p=0.03; 
B=p*340*10000000; 
u=5*w.*r/B;%x 
f=B./r_ran;f=-1*f'; 
A=ones(1,n); 
b=1; 
l=zeros(1,n); 
[x,z]=linprog(f,A,b,[],[],l,u); 
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sum_daly=sum_daly+B*x./r_ran; 
sum_x=sum_x+x; 
cover=(B*x./r)./(5*w); 
sum_death=sum_death+(cover)'*v; 
end 
aver_x=sum_x/step; 
aver_daly=sum_daly/step; 
cost=aver_x*B; 
aver_death=sum_death/step 
a=1 
% subplot(2,1,1); 
% stem(1:n,cost); 
% xlabel('Intervention sequence');ylabel('Spending($)');title('Spending in 
Interventions') 
% subplot(2,1,2); 
% stem(1:n,aver_daly); 
% xlabel('Intervention sequence');ylabel('DALYs averted');title('DALYs averted by 
Interventions') 
 
part3 
 
function marginal_opti() 
r=load('C:\Documents and Settings\test\My Documents\MATLAB\08mcm\r.txt'); 
rl=load('C:\Documents and Settings\test\My Documents\MATLAB\08mcm\rl.txt'); 
w=load('C:\Documents and Settings\test\My Documents\MATLAB\08mcm\w.txt'); 
rr=load('C:\Documents and Settings\test\My Documents\MATLAB\08mcm\rr.txt'); 
v=load('C:\Documents and Settings\test\My Documents\MATLAB\08mcm\v.txt'); 
rl=1000*rl; 
w=1000*w; 
rr=1000*rr; 
n=length(r); 
p=0.03; 
B=p*340*10000000; 
%####################################################### 
H=ones(n,n); 
for i=1:n 
    H(i,i)=2*5*w(i); 
end 
f=-3/2*ones(n,1); 
A=-(5/B)*r.*w;A=A'; 
b=1-1*(5*r.*w/B)'*ones(n,1); 
l=zeros(n,1); 
u=ones(n,1); 
[c,z]=quadprog(H,f,A,b,[],[],l,u); 
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out=A*c-b; 
 
%########################### 
w=w.*(-c+3/2);% 
x=5*r.*w.*c/B; 
x=x/10.013813634256213; 
each_cover=(B*x./r)./(5*w); 
each_daly=B*x./r; 
each_death=each_cover.*v; 
each_cost=x*B; 
disp('cost cover  DALY  death'); 
each=[each_cost,each_cover,each_daly,each_death] 
disp('total DALY saved'); 
z=-1*z 
total_denth=(each_cover)'*v 
total_cost=ones(1,n)*x*B 
% s_x=0; 
% for i=1:n 
%     s_x=s_x+x(i); 
% end 
% disp('total proportion'); 
% s_x 
% u_1=5*(w./(-c+3/2)).*r/B; 
% u_2=5*w.*r/B; 
% contrast=[u_1,u_2] 
% stem(1:n,each_cost); 
subplot(2,1,1); 
stem(1:n,each_cost); 
xlabel('Intervention sequence');ylabel('Spending($)');title('Spending in Interventions') 
subplot(2,1,2); 
stem(1:n,each_daly); 
xlabel('Intervention sequence');ylabel('DALYs averted');title('DALYs averted by 
Interventions') 
 
Part 4: 
 
function TOPSIS() 
clear; 
Q_H=load('Q_H.txt'); 
Q_C=load('Q_C.txt'); 
F_C=load('F_C.txt'); 
F_I=load('F_I.txt'); 
Rank=load('rank.txt'); 
W=WF(); 
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W(iii)=2*W(iii); 
x1=Q_H*W(1); 
x2=Q_C*W(2); 
x3=F_I*W(3); 
x4=F_C*W(4); 
m1=max(x1);n1=min(x1); 
m2=max(x2);n2=min(x2); 
m3=max(x3);n3=min(x3); 
m4=max(x4);n4=min(x4); 
x=[x1,x2,x3,x4];m=[m1,m2,m3,m4];n=[n1,n2,n3,n4]; 
for i=1:191 
    for j=1:4 
         x1(i,j)=x(i,j)/sqrt(sum(x(:,j).^2)); 
     end 
 end 
x=x1; 
for i=1:191 
    d(i)=sqrt(sum((x(i,:)-m).^2)); 
    e(i)=sqrt(sum((x(i,:)-n).^2)); 
end 
C=e./(d+e); 
[A,B]=sort(C,'descend'); 
for i=1:191 
 NewR(B(i))=i; 
end 
R=abs(NewR-Rank'); 
%%------------------------%% 
function [a,b]=WF() 
A=[1,7,2,7; 
  1/7,1,1/5,1; 
  1/2,5,1,5; 
  1/7,1,1/5,1]; 
[v,d]=eig(A); 
[m,n]=max([d(1,1),d(2,2),d(3,3),d(4,4)]); 
a=v(:,1); 
b=m; 
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