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PoP

Prediction on Predictions

(KOYANAGI Yuki)

(HIROSE Hideo)

In observing the widely spread of patients caused by infectious diseases or the increase of the

number of failures of equipments, it is crucial to predict the final number of infected patients or failures at

earlier stages. To estimate the number of infected patients, the SIR model, the ordinary differential equation

model, statistical truncated model are useful. The predicted value for the final number of patients using data

until time T becomes a function (trend) of T , called L-plot. We here consider the use of the L-plot to predict

the final number of patients, and we defined the decay function. Applying the multiple methodologies to the

same data, we could expect the better predicted values. This is called the PoP, the prediction on predictions.

One of the PoP methods, we also propose to use the ensemble method. By applying these methods to the

real SARS case, we have found that these methods work well.
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2.1 SIR

SIR

Susceptible ( ) Infected (
) Removed (

) 3 λ γ

d

dt
S(t) = −λS(t)I(t),

d

dt
I(t) = λS(t)I(t)− γI(t), (2.1)

d

dt
R(t) = γI(t).
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M M = S(t)+ I(t)+R(t)

Best-Backword Solution (BBS) [3][7]

2.2 sODE

sODE SIR multiple single ODE

t G(t)

d

dt
G(t) =

β

σ

exp(−(t−µ)/σ)

1+ exp(−(t−µ)/σ)
G(t), (2.2)

G(t;µ ,σ ,β ) =
N

{1+ exp(−(t−µ)/σ)}β
. (2.3)

µ ,σ ,β location scale shape N

SIR BBS [3][7]

2.3 statistical truncated

tT

F(t) Ti−1 Ti grouped data ni tT

group r

logL(θ) =
r

∑
i=1

nilog

�

F(Ti;θ)−F(Ti−1;θ)

F(tT ;θ)

�

, (2.4)

F(t;µ ,σ ,β ) =
1

{1+ exp(−(t −µ)/σ)}β
. (2.5)

N̂T N̂T = (∑r
i=1 ni)/F(tT ; θ̂ )

3 L-plot

1 SARS statistical truncated

T T L-plot

2 T L-plot

L-plot 3

4 Prediction on Predictions, PoP

A,B,C C

B A
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2: L-plot
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3: L-plot

( )

B

L-plot

L-plot

ensemble method L-plot

L-plot Decay

Function Fitting

Prediction on Predictions PoP

4.1 Ensemble Method

p P (4.1)

4 p P p > 0.5 P > p

ensemble method ensemble method
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4: p P

P =
2n+1

∑
i=n+1

�

2n+1

i

�

piq2n+1−i. (4.1)

SARS 3

5 L-plot 3 L-plot

2 800 860 1000 830 ensemble

3 mean 5 ensemble

mean 6
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5: 3 L-plot
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6: ensemble mean L-plot

4.2 Decay Function Fitting

6 L-plot

L-plot

Decay Function (4.2) i ID

a,b,c L-plot

a,b,c (4.3) R̃ L-plot R̂ di

a,b,c

(4.4)

p = 0

di(t;a,b,c) = ci −biexp(−ait), (4.2)

Sp =

�

1

n

n

∑
t

wt(R̂(t)− R̃(t))2 (4.3)

wt =
(t/n)p

∑n
t (t/n)p

(4.4)

7 Decay Function Fitting T

L-plot (4.2)

lim
t→∞

di(t : a,b,c)→ ci

Decay Function Fitting ci i L-plot

8 9 6 Decay Function Fitting

L-plot p = 0,1

5 SARS PoP

rRMSE SARS 88
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7: Decay Function Fitting
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8: Decay Fitting

L-plot ( 0)
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9: Decay Fitting

L-plot ( 1)

20

5.1 rRMSE

restricted RMSE (5.1)

rRMSE( j) =

�

1

|∆ j|
∑

k∈∆ j

(Ŵr(∞|tT = k)−W (∞))2, (5.1)

Ŵr(∞|tT = k) = min(Ŵ (∞|tT = k),2W (∞)). (5.2)

Ŵ (∞|tT = k) k 10

2 2W (∞)

Ŵ (∞|tT = k) 2W (∞) rRMSE

W (∞) ∆ j |∆ j|






























 










   

   

10: rRMSE
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5.2

L-plot rRMSE 11 SIR, sODE, statistical truncated, ensemble

mean L-plot rRMSE 12 13 5 L-plot

Decay Function Fitting rRMSE

rRMSE 8
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11: SIR, sODE, statistical

truncated, ensemble, mean

rRMSE
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12: SIR, sODE, statistical

truncated, ensemble, mean

Decay fit rRMSE ( 0)
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13: SIR, sODE, statistical

truncated, ensemble, mean

Decay fit rRMSE ( 1)

11 13 Decay Function Fitting

Decay Function Fitting

sODE

Decay Function Fitting

mean Decay Fitting mean

sODE

( 20 )

12 13 11 rRMSE

statistical truncated

Decay Function Fitting

ensemble

mean

Decay Function Fitting (4.4) (4.3)

L-plot

L-plot statistical truncated ensemble

L-plot rRMSE

SIR sODE mean L-plot

Decay Function Fitting
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L-plot L-plot

Prediction on Predictions,

PoP L-plot

L-plot ensemble method

L-plot L-plot

L-plot

Decay Function Fitting L-plot ( )

L-plot (

) L-plot

rRMSE
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