All Things are Under Control

--The Applications of Mathematical Modeling in SARS

Abstract

In this paper we fulfilled four tasks. So we divide our paper into corresponding four sections. 
According to the request, we discuss the strongpoint and weakness of the given model in the first section. In the third section, we discuss the effect of the SARS on tourism of Beijing. And there is a demotic essay on the essentiality of the mathematical model for infectious diseases in the last section of the paper.

The core section is the second section, which is to develop our new model. We accomplish it by dividing it into three parts. First, we use a deterministic ODE (Ordinary Differential Equation) model of SARS to predict the tendency of epidemic situation and to provide information for the prevention and controlling of SARS. Then we draw some graphs to compare estimated data and reported data to test the precision of our model in virtue of MATLAB. Also we analyze the effect of intervention of government and health agency on the transmission of SARS from the graphs. In the end, we discuss the advantage and shortness of the new model. 

Introduction

An epidemic of a Severe Acute Respiratory Syndrome (SARS) caused by a new corona-virus spreads from the Guangdong province to the rest of China and to the world. The contagious nature of the disease offers to be quite new. The outbreak and spread of SARS has had a very negative influence on people’s life and the economy of the region. From our experience with SARS, we can learn a lot of significant lessons, and recognize the importance of investigating quantitatively the transmission rule of infectious diseases to supply conditions for the forecast and control of the spread of infectious diseases. 

Objectives

Our team is asked to complete the following tasks, which are related to the mathematical modeling of SARS transmission: 

1. Evaluate the rationality and practicality for an early model provided in Reference [3]. We should explain how to establish a real predictable model that can provide enough reliable information for preventing and controlling spread of SARS, and the difficulties in doing so.
2. Establish our own model and explain why it is better than the model in Reference [3]; in particular we should approve that ours is a valuable one according to the criteria and could supply a convincing forecast. Then evaluate the means adopted by the health agency. For instance, estimate the influence of disease transmission if the strict isolation is taken 5 days in advance or after a 5-day delay.

3. Collect data on economies that have been affected by SARS, and try to establish a mathematical model for forecasting its future effects. 

4. Write a short essay in plain language to a local newspaper to explain the importance of the mathematical modeling of SARS.
Background of SARS epidemic

SARS is the first severe and readily transmissible new disease to emerge in the 21st century. At present, the outbreaks of greatest concern are concentrated in transportation hubs or spreading in densely populated areas like big cities.

The first cases of SARS are now known to have emerged in mid-November 2002 in Guangdong Province, China. The first official report of an outbreak of atypical pneumonia in the province is said to have affected 305 persons and caused 5 deaths, before 11 February. Around 30% of cases were reported to occur in health care workers. In the meantime, an infected medical doctor who had treated patients in his hometown carried SARS out of Guangdong Province on 21 February. He brought the virus to the ninth floor of a four-star hotel in Hong Kong. Days later, guests and visitors to the hotel’s ninth floor had seeded outbreaks of cases in the hospital systems of Hong Kong, Viet Nam, and Singapore. 

       Epidemiological analysis indicated that the new disease was spreading along the routes of international air travel. The global alert achieved its purpose. After the recommendations, all countries with imported cases, with the exception of provinces in China, were able, through prompt detection of cases, immediate isolation, strict infection control, and vigorous contact tracing, to either prevent further transmission or keep the number of additional cases very low. However, new probable cases, including cases in hospital staff, additional deaths, and first cases imported to new areas continued to report from several countries. 
Problem analysis

When evaluating the rationality and practicality for an early model provided in Reference [4], we will find some weakness and difficulty of this practical problem. In the meantime, we can constitute criteria to judge a model, whether it is successful or not. Thus we can explain how to establish a real predictable model that can provide enough reliable information for preventing and controlling the spread of SARS. Most of the complicating factors or difficulties will be listed and discussed as follows:

· Discrete-time reports

The reported cases are discrete numbers in the time-domain graph, which is difficult for designing mathematics model to match it. In the meanwhile, there is a time delay for the authority to publish the data. Thus all the researchers will use an approximation method, which will give a continuous fit line and forecast curve. So the approximation is a key point for this model. 

· The Infectivity of the SARS disease

As SARS is a new kind of virus and later found as a new corona-virus spreads from the Guangdong province to the rest of China and to the world. The infectivity of the SARS disease is harder to determine in the clinical pathology. Some expects declare that the disease may decrease its infectivity after spreading several times and those recovered from SARS will not suffer twice. In other words, different people at different time have different possibility to contact SARS.
· The uncertain population division and incorrect samples
The whole population of the society is a very large number compared to the reported suspect in the SARS epidemic. There is actually a small portion of people who are susceptible and in danger. Different career and location lead the difference sensibility. What’s more, those suspects will be isolated later, which also results in different infectivity.

· Protection awareness of the society

No more people pay more attention to this disease seriously at first. So the infectivity is very large in the early stage. Later, when the reported cases increase and the authorities raise their precaution level, the spread possibility will decrease for the awareness of the whole society. So this seems to be changeable factor, which becomes sensitivity of this model.

· Different medical system

Different social level has different medical system. This gives us a reasonable explanation of difference among several cities. The rate or speed of spread, confirmed, recovery and death is significantly differed. So if we make full use of these factors, we can take better solution to the problem.

· The special incidents

As we all know some famous incidents like some flight, Amoy Garden and Queen Mary Hospital, we find these incidents will create more cases higher than the average rate. So strength of the model is large, if it gives a reasonable explanation of these special incidents.

In this paper, we will propose an alternative model with completely different dynamics apart from the existing one.

Section I 

Review of the Existing Model

Prof. Ye and his colleagues [4] use the analytical equations to analyse the trend of the SARS in the early stage in Beijing. They assumed that the initial number of cases was 
[image: image62.png]=~

Susceptible Infectious Confirmed
\

H = D
In Hospital Recovered Dead



 people. The average spread of cases each day is K people (K is a very small float point), in the infectious stage and the limited time an infected patient could infect others directly, is L days. Then in the first L days, the number of total cases can increase with time t (counted by days) as follows:

N（t）= N0 (1+K) t     (t<L)



(1)

They used the method of semi-simulated cycle to calculate it by separating the number of those, who are not in the infective stage and couldn’t infect others anymore, in the total cases.
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The parameters K and L have the significant practical meaning. L could be recognized as a limited period of time, during which an infected patient could infect others directly whenever infector is found or not, and after that time the infector will naturally lose the ability of spread the disease. The reason for L may be the isolation, recovery without infectivity and death. According to their theory, this parameter is principally determined by the time chosen for isolation policy and the health supervision. The local government as well as the local health authority can effectively reduce this affect. The parameter K apparently represents the average infectious possibility an infected patient could spread the disease in a certain society. This parameter mainly depends on the awareness of the whole society, the various solutions taken by government and the public. 

Evaluation of the Existing Model

         Though the model given actually is comparatively simple, it can describe the epidemic situation of Beijing quite well by studying the Hong Kong and Guangdong cases. However, the number of final estimated accumulated cases is 3100, which is about 20% more than the real data. Mr. Ye changed the K to interpret the invention of governmental action. But this may not match the fact very well. We discuss its advantages and disadvantages below.
Advantage

· The parameter L has a practical meaning —— Time delay 

      It is valuable to define this L, the infected stage, as we all know most of infectors will not spread the disease after a certain period, which is also applied in the actual hospitalization and widely accepted in this SARS epidemic. In the calculation, if not considered the limit of the infective stage, the cases will increase only according to the power rule. While after adding the effect of the infected stage L, the trend will not just follow this direction and the increasing speed will be slowed down finally.

· The simple signal variable showing the tendency of the epidemic situation

 Though in this model, we can predict the peek point by the variable K*L which means the total number of persons per infected patient infects on average.

K*L >1, it means more and more people contaminated. 

K*L=1, it means the number of the people contaminated remains still.

K*L<1, it means less and less people contaminated.

Weakness  
· K and L
       In the early stage, when there appeared first few SARS infectors, the   government took no actions and the people paid no little attention to the SARS. So at the beginning, the period of time that every contaminated patient can infect others directly is long so that the value of L is large in this stage. After government realized the problem, the value of L obviously became smaller because of the isolation. In this model, the value of L in the infective stage remains 20 days, which will make the evaluated final accumulate number much greater than the real one. 

Also, in this model, they set two different values of K before and after the peak for different levels of awareness of the society. We also think it as a rough representation and explanation of the actual speed of the transmission of the SARS. In the early stage of the epidemic, the society has no preparation and the value of K is relatively quite large. After the peak of the spread, they readjust the value of K to a small one gradually in the later 10 days and then keep this value for matching all the other data in the controlled stage. Because they assumed after a small period of the shock, the society will be ruled by an emergency law and in a well-controlled situation without large number of new suffers. Apparently, if the epidemic is out of control or in a repeatable state, the value of K should be readjusted in a more complicated way.

               In fact the K and L both describe the real speed of the transmission of SARS. Changing K or L is because of the intervention of the external powers to decrease the infection speed of the virus, such as isolation and citizen’s precaution.

· N(t) is not all of the infected people on the 
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 day because of special infectious cases
The number N the model used is the number of confirmed infected cases. N(t) is the just the confirmed infected cases in on the  
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 day. But actually most of the confirmed infected patients were at hospitals on the 
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 day where the infected patients were strictly isolated. The people who infected more people were the infected people not having been sent to hospitals. So the N(t) is just a small part of the infectors on the 
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 day. The final evaluated accumulated cases would be less than the fact if we take the reported data (that is the number of infected people on the 
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 day) as N(t).
· The unsolved death rate and recovery speed

The model has no mention of the death rate and recovery speed, which are two very essential characteristics of the SARS virus for the scientists to study. The model doesn’t make use of the reported death data and recovery data.

· The suspected cases reported

The suspected cases reported are very critical variable in the infectious model because the suspected cases may change the confirmed infected cases later. In the reported cases, the suspect cases include some unconfirmed infected cases. And the final accumulated number is sensitive to the speed of the transmission from suspected cases to unconfirmed infected cases and from unconfirmed infected cases to confirmed infected cases.

· Lack of discussion on the significant incident like Amoy Garden and Queen’s Mary Hospital of Hong Kong

Existing model tries to analyse the data from Hong Kong and Guangdong and apply it to Beijing. So the territorial cases, which would affect the two areas, should be discussed in advance. For example, the Amoy Garden transmission is a regional special case for Hong Kong. Compared with the total death of SARS in Hong Kong (298), 58 people are from Amoy Garden, which is a very high proportion. This kind of special case didn’t occur in Beijing. So when studying the cases of Beijing, we should leave out the impact of special cases of Hong Kong and adjust the K and L so as to get more close estimation to the reality.

Section II
Statement of purpose

We should fully consider many different factors to establish a model and approved that most of the weakness and unstable interference in existing model have been overcome. We will divide the total population of the infected area, into susceptible people, infected people, the dead, the cured, people living in the hospital and people confirmed as infector patients. However, the total population in this problem is hard to measure and we just consider them as the people in danger. Meanwhile, we will also set five speed constants of transmission of virus, hospitalization, death and recovery in order to calculate this problem more accurately and easily. After analysing the reported data and relationship between the parameters, we find a continuous approximation as a satisfactory result.

After all these above, we can use this model to evaluate the means adopted by the health agency. For instance, estimate the influence of disease transmission if the strict isolation is taken 5 days in advance or after a 5-day delay and find the suitable time for the authority to take emergency law. We can also forecast the schedule and total sufferers in the SARS epidemic.

We need to collect data on economies that have been affected by SARS, and try to establish a mathematical model for forecasting its future effects. We will take some similar incident in the history as reference, while we need to put the reported data and forecast trend of the SARS epidemic into consideration.

In the end, we will write a short essay in plain language to a local newspaper to explain the importance of the mathematical modeling of SARS. The letter will give some suggestion according to the research results and trend anticipation of the SARS epidemic. As we all know, it is very important for both predicting the future of the present outbreak and implementing effective prophylactic measures, to identify the causes of this behavior. So the scientific recommendation and forecast will be greatly helpful for the authority and organization to take the action and measure to reduce the influence.
Assumptions

· All the data reported by the authority is the exact value, believable for scientific research and analysis.

· Patients who have recovered from the SARS are not infected and will not spread the disease any more. Also they cannot contact SARS again.

· The dead body of those died of SARS will be suitably handled and will not be a source of infected matter.

· Every infector has the same possibility to spread the disease. This assumption maybe challenged by some special cases, but in the macro statistics it will be helpful for the analysis. However, people have the different possibility to suffer from SARS, according to their differing health condition, experience of contacting suspect and protection awareness.

Parameters and Variables

Table 1

	Symbol
	Meaning and units of terms

	N
	number of days since the beginning of the epidemic

	S(n)
	number of Susceptible people on day n 

(i.e. of persons in contact with infected people)

	I(n)
	number of Infected people on day n

	H(n)
	number of people in Hospital on day n

	D(n)
	number of Deaths from the beginning of the epidemics till day n

	G(n)
	number of people out of danger from the beginning of the epidemics till day n

	R(n)
	number of people who are confirmed by the hospital and reported by the authority from the beginning of the epidemics till day n

	r
	speed of transmission of the virus

	a
	speed at which infected people enter hospital

	k
	speed at which people die

	g
	speed at which people cure


Description of Model
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Figure 1 the Flowchart of the Model
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and notice that

                                   H(n)=R(n)-G(n)-D(n)


(10)

Let us explain the equations one by one. 

Equation (4):  The number of people who is removed from the susceptible is proportional to both the number of infectors and the number of suspectibles.

Equation (5):   The difference between 
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 is caused by people who was newly infected by SARS at day n and the number of people who entered the hospital.

Equation (6):   The difference between 
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is caused by people who was newly sent into hospital at day n and the number of people who are dead or recovery  .

Equation (7):   The change of the number of dead persons is proportional to the person who is in hospital.

Equation (8): The change of the number of people who are out of danger is proportional to the person who is in hospital.

Equation (9):   The number of people who entered the hospital at day n is proportional to the persons who are infected.  

Available information: 
[image: image14.wmf]*

()

n

R



 EMBED Equation.DSMT4  [image: image15.wmf]1

nN

££

, 
[image: image16.wmf]*

()

n

D



 EMBED Equation.DSMT4  [image: image17.wmf]1

nN

££

and 
[image: image18.wmf]*

()

n

G



 EMBED Equation.DSMT4  [image: image19.wmf]1

nN

££

 , we have

Unknowns:

· 
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To estimate the unknowns, we minimize the least-square error between our model and the data
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with respect to
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Results & Data Analysis

Case study: the Outbreak of SARS in Hong Kong
First we want to illustrate the correctness of deterministic ODE model. Let us apply this model into the SARS cases in Hong Kong, since it broke out earlier than

Beijing. We use the known data
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 to check whether it is consistent with the results which we get from our model. 

The algorithm is:

·      Step 1: give an initial guess for 
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·      Step 2: use this initial guess to solve the equation system  for           n=2,3,….N

·      Step 3: find the best initial guess
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. Since we have the known information: 
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.In other words, this is the same as a Least-Square Problem in mathematics. We want to minimize 
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·  We can solve this Least-Square Problem easily by Using a powerful Matlab command fminsearch ,which gives us the best initial condition 
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·    Step     4 Based on the best initial condition, we solve the equation system again to get our estimation R(n),G(n),D(n)

·    Step     5 Plot the R(n),G(n),D(n), 
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 against days. The following is figure we get 
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O represents the number of confirmed cases on day n;

+ represents the number of dead cases on day n;

 * represents the number of recovered case on day n;

The corresponding smooth curves represent the number we estimated.

The above figure shows that our deterministic ODE model is consistent with the actual data.

Case study: the Outbreak of SARS in Beijing

 Then we apply this model into the SARS cases in Beijing. In this part, we consider two cases 1:  20days data are known and case 2: 30days data are known.(the days are count from April 20th) .

Case 1: 20 days data are known

       We follow the steps we present in the above part to get the initial condition. Then we use this initial condition to estimate the number of SARS cases in the following case. The following figure is what we get:
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O represents the number of on day n
The smooth curves represent the number we estimate 
Case 2: 30 days data are known

The only difference is that we used 30 days data to estimate the number of cases. The following is the figure  
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O represents the number of confirmed cases on day n
The smooth curves represent the number we estimate
Compared to case I, we found that if we have 10 more days’ data, the estimation is more accurate. The relative error is less than 5%.However, no matter case I or case II is used, both of them are better than the model in the example.
Discussion

Strength and weakness

Strength 1:
We divide the persons into different groups with clear criteria (Please see Fig.1) and consider all the possibilities. In the example model, it uses a vague definition.

Strength 2:
We successfully avoid estimating the K and L in the example model.

Though the K and L maybe similar in the infected areas, different cities has her own value. The critical values in our model can be estimated very well by using the known data. 

Weakness:
This model is very sensitive to the data. If the data at the first time is not accurate, the model may have a larger relative error. In addition, if the data is only in the first stage of SARS, it will cause a bad effect on the corresponding model. We can see it easily that the number of infected persons grows up exponentially at the first stage. Once the isolation measures were used, it will increase slowly until it was controlled. If the isolation measures were taken 5 days later, what will happen? We can make estimation by only use the data in the first stage, since the first stage data reflect the real infected case without isolate measures. We use the algorithm we presented before with the first 10 days data, the estimation is more than 5000 people will be infected. Similarly, we use the same procedure to make estimation if the measures were taken 10 days earlier. The result of our model tells it would be about 2000 persons who are infected. So the isolation measures should be taken as soon as possible in order to control SARS earlier.

Conclusion

In this deterministic model, we estimate the number of SARS cases in Beijing with a high accuracy. Firstly, we divide the persons in the infected areas into different groups and find the relation between them. Secondly, we uses the data from Hong Kong where the SARS outbreak earlier than Beijing to check whether the model is correct and how accurate it is. We find the consistence is very good. Then we apply this model into Beijing. We make two different estimations, the first one is that we know twenty days data and the second is that we know thirty days data. Compared with the actual number of cases in Beijing, the relative error of this error is less than 5%.  So the model is reasonable.

Section III

Forecast and Influence

The economics model of SARS’s effects we construct is: Estimate the normal number of travelers from abroad if no SARS in this year and then compare with the actual number.    
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This figure gives the number of travelers from abroad in the past six years. We use the number of the same month, for example April in the past six years, to estimate the number of travelers in April 2003 in normal condition. The method we use is Polynomial Interpolation. Then we compare the actual number and estimate number:
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We can see, in the first three months the difference is small. As the SARS broke out, the gap between the two curves increases dramatically. Later, when SARS was under control, the difference decreases. 
Section IV

Recommendations to the News Agency
Mathematical model of SARS disease study the characteristic of the epidemic diseases and its speed and tendency of transmission with some given reported data. It can discuss, analyse and forecast the SARS epidemic and describe the trend satisfactory. We can get well-approximated equations to express the development of the SARS epidemic in a certain place at a certain time. A good mathematical model of SARS can finely predict the number of total infected cases and the tendency of the infectious situation. 
Also we can find the effect of the intervention of the government and health authority on the infectious situation. Take action 5 days earlier or later can lead to a quite different situations of SARS infection.  Through the some testaments, we can show from the mathematical model that the authority should take the action of emergency law as soon as possible.
So a good mathematical model can act as a guide and predictor of the SARS infectious situation and instruct the authority and health authority. Mathematical model will be helpful to the analysis and control of infectious disease. So if some good mathematical models are of good use, we trust that SARS will be under our control.
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Appendix I

Matlab Code for this program

Run  fminsearch based on 20 days data 

>> fminsearch('pkf',[10000 120 8 0.140 0.000125 0.02 0.04])

Exiting: Maximum number of function evaluations has been exceeded

         - increase MaxFunEvals option.

         Current function value: 37096.029253 

ans =

  1.0e+003 *

   5.89616226659416   0.25339374768091   0.03020266332697   0.00038426239605   0.00000007128053   0.00000538461496   0.00000624485800

>> pkfplot(ans)

ans =

    3.709602925313819e+004

Run fminsearch based on 30 days data

>> fminsearch('pkf',[10000 120 8 0.140 0.000125 0.02 0.04]) 

Exiting: Maximum number of function evaluations has been exceeded

         - increase MaxFunEvals option.

         Current function value: 63650.115338 

ans =

  1.0e+003 *

   1.84671976818783   0.69791882591999  -0.04471711405313   0.00013360349332   0.00000010797419   0.00000382639368   0.00000683000891

>> pkfplot(ans)

ans =

    6.365011533787561e+004

>>

Run fminsearch based on HK data 

>> fminsearch('hkf',[10000 110 16 0.140 0.000125 0.00813 0.04])

Exiting: Maximum number of function evaluations has been exceeded

         - increase MaxFunEvals option.

         Current function value: 454841.792221 

ans =

  1.0e+003 *

   2.61754915841568   0.08107340494961   0.02653123628054   0.00021363620140   0.00000011834921   0.00000710619457   0.00003586710498

>> hkfplot(ans)

ans =

    4.548417922213658e+005

The code for function hkf

function E=hkf(c);

DATA_HK=[

117
1755
298
1433

115
1755
298
1431

110
1755
298
1430

106
1755
298
1429

103
1755
297
1422

101
1755
296
1419

100
1755
296
1417

99
1755
296
1411

96
1755
296
1403

95
1755
296
1396

94
1755
295
1393

93
1755
295
1387

92
1755
295
1386

89
1755
293
1380

88
1755
291
1377

86
1754
290
1368

85
1753
288
1365

82
1750
286
1350

81
1748
284
1343

80
1748
283
1339

79
1747
283
1326

78
1746
282
1319

76
1739
278
1310

75
1736
274
1304

74
1732
273
1302

73
1730
270
1295

72
1728
269
1285

71
1726
267
1276

68
1724
260
1255

67
1722
258
1247

66
1719
255
1237

65
1718
253
1229

64
1714
251
1213

62
1710
243
1191

61
1706
238
1171

60
1703
234
1160

59
1698
227
1128

58
1689
225
1090

57
1683
218
1066

55
1674
212
1035

54
1667
210
1015

53
1661
208
1008

52
1654
204
984

51
1646
193
958

50
1637
187
930

48
1621
179
898

47
1611
170
878

46
1600
162
834

45
1589
157
791

44
1572
150
759

43
1557
138
710

41
1527
121
632

40
1510
115
614

39
1488
109
567

38
1458
105
522

37
1434
99
461

36
1402
94
436

34
1358
81
363

33
1327
69
322

32
1297
65
272

31
1268
61
257

30
1232
56
243

29
1190
47
229

27
1108
35
215

26
1059
32
169

25
998
30
154

24
970
27
0

23
928
25
0

22
883
23
0

20
800 
20
0

19
761
17
0

18
734
17
0

17
708
16
0

16
685
  16
0

15
530
  13
0

13
470
  10
0

12
425
  10
0

11
367
  10
0

10
316
  10
0

9
286
  10
0

8
260
  10
0

6
222
   7
0

5
203
   6
0

4
173
   6
0

3
150
   5
0

2
123
   1
0

1
95
   1
0

];

T1=DATA_HK(:,1);

R1=DATA_HK(:,2);

D1=DATA_HK(:,3);

G1=DATA_HK(:,4);

for i=1:87

Rd(i)=R1(88-i);

end

for i=1:87

T(i)=T1(88-i);

end

for i=1:87

Dd(i)=D1(88-i) ;

end

for i=1:87

Gd(i)=G1(88-i);

end

 S(1)=c(1);

I(1)= c(2);

G(1)= c(3);

a=c(4);

r=c(5);

k=c(6);

g=c(7);

R(1)=Rd(1);

D(1)=Dd(1);

G(1)=Gd(1);

R(1)=Rd(1);

D(1)=Dd(1);

G(1)=Gd(1);

for n=1:116

    H(n)=R(n)-G(n)-D(n);

    S(n+1)=S(n)-r*S(n)*I(n);

    I(n+1)=I(n)+r*S(n)*I(n)-a*I(n);

    H(n+1)=H(n)+a*I(n)-(k+g)*H(n);

    D(n+1)=D(n)+k*H(n);

    G(n+1)=G(n)+g*H(n);

    R(n+1)=R(n)+a*I(n);

end

newR=R(1,T);

newG=G(1,T);

newD=D(1,T);

newI=I(1,T);

newH=H(1,T);

newnewG=newG(:,22:87);newGd=Gd(:,22:87);newT=T(:,22:87);

E=sum((newR-Rd).^2)+sum((newD-Dd).^2)+sum((newnewG-newGd).^2);

The code for function hkfplot

This function is similar to function hkf,but we need to add the following code.

plot(T,newR);hold on; 

 plot(T,Rd,T,Rd,'o'); 

 plot( T, newG);hold on; 

 plot(newT,newGd,newT,newGd,'*');

 plot(T,newD);hold on; 

 plot(T,Dd,T,Dd,'+');

 Title('An deterministic ode model for HK');

 xlabel('Days from March 17th');

 ylabel('Headcount');grid;

The code for function pkf

function E=pkf(c);

DATA_PK=[

1
402
33
18

2
610
43
25

3
666
46
28

4
782
55
35

5
863
63
38

6
877
73
45

7
988
76
48

8
1114
78
56

9
1199
78
59

10
1347
83
66

11
1440
90
75

12
1553
100
82

13
1636
109
91

14
1741
115
96

15
1803
118
100

16
1897
121
103

17
1960
134
107

18
2049
141
110

19
2136
152
112

20
2177
168
114

21
2227
175
116

22
2265
186
120

23
2304
203
129

24
2347
244
134

25
2370
252
139

26
2388
257
140

27
2405
273
141

28
2420
307
145

29
2434
332
147

30
2437
349
150

31
2444
395
154

32
2444
447
156

33
2456
528
158

34
2465
582
160

35
2490
667
163

36
2499
704
167

37
2504
747
168

38
2512
828
172

39
2514
866
175

40
2517
928
176

41
2520
1006
177

42
2521
1087
181

43
2522
1124
181

44
2522
1157
181

45
2522
1189
181

46
2522
1263
181

47
2522
1321
181

48
2522
1403
183

49
2522
1446
183

50
2522
1543
184

51
2522
1653
184

52
2522
1747
186

53
2522
1821
186

54
2522
1876
187

55
2522
1944
187

56
2522
1994
189

57
2522
2015
189

58
2521
2053
190

59
2521
2120
190

60
2521
2154
191

61
2521
2171
191

62
2521
2189
191

];

Rd=DATA_PK(:,2);

Rd=Rd';

T=1:62;

Dd=DATA_PK(:,4);

Dd=Dd';

Gd=DATA_PK(:,3);

Gd=Gd';

S(1)=c(1);

I(1)= c(2);

G(1)= c(3);

a=c(4);

r=c(5);

k=c(6);

g=c(7);

R(1)=Rd(1);

D(1)=Dd(1);

G(1)=Gd(1);

R(1)=Rd(1);

D(1)=Dd(1);

G(1)=Gd(1);

for n=1:61

    H(n)=R(n)-G(n)-D(n);

    S(n+1)=S(n)-r*S(n)*I(n);

    I(n+1)=I(n)+r*S(n)*I(n)-a*I(n);

    H(n+1)=H(n)+a*I(n)-(k+g)*H(n);

    D(n+1)=D(n)+k*H(n);

    G(n+1)=G(n)+g*H(n);

    R(n+1)=R(n)+a*I(n);

end

esttime=1:20;

newT=esttime;

newR=R(1,esttime);

newG=G(1,esttime);

newD=D(1,esttime);

newI=I(1,esttime);

newH=H(1,esttime);

newRd=Rd(1,esttime);

newDd=Dd(1,esttime);

newGd=Gd(1,esttime);

E=sum((newR-newRd).^2)+sum((newD-newDd).^2)+sum(( newG-newGd).^2);

The code for function pkfplot

This function is similar to function pkf, but we need to add the following code

plot(T,Rd,'o');hold on;Grid;

 plot(T,R);Title('estimeate based on 20 days data');

 xlabel('days from Apr 20th');

 ylabel('headcount');

Appendix II

The code for the polynomial interpolation of the economics model

DATA=[

   9.4   11.3   16.8   19.8   20.3   18.8   20.9   24.9   24.7   24.3   19.4   18.6

   9.6   11.7   15.8   19.9   19.5   17.8   17.8   23.3   21.4   24.5   20.1   15.9

   10.1  12.9   17.7   21.0   21.0   20.4   21.9   25.8   29.3   29.8   23.6   16.5

   11.4  26.0   19.6   25.9   27.6   24.3   23.0   27.8   27.3   28.5   32.8   18.5

   11.5  26.4   20.4   26.1   28.9   28.0   25.2   30.8   28.7   28.1   22.2   20.7

   13.7  29.7   23.1   28.9   29.0   27.4   26.0   32.2   31.4   32.6   29.2   22.9

];

Year3=[15.4  17.1   23.5   11.6   1.78   2.61    8.8   16.2 ];

 M=1:12;N=1:6;

 No_est=zeros(1,12);

for i=1:12

   coef=polyfit(N,DATA(:,i)',3);

   No_est(i)=polyval(coef,7);

end

tt=1:8;

plot(M,No_est,M,No_est,'+');

hold on;

plot(tt,Year3,tt,Year3,'*');grid;

xlabel('Month'),ylabel('headcount(ten thousand)'),title('Year 2003 /n,  + estimate number based on past years,  * , actual number');  
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