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2.1

1

1

1
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3 [5]

S(x) =

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

s1(x) if x1 ≤ x < x2

s2(x) if x2 ≤ x < x3

...

sn−1(x) if xn−1 ≤ x < xn

(1)

si(x) = ai(x− xi)
3 + bi(x− xi)

2 + ci(x− xi) + di(2)

i = 1, 2, ..., n− 1

1

2.2

“ ” [6]

Prophet Generalized

Additive Model, GAM

[7] Prophet

f(·)
y(t) = g(t) + s(t) + h(t) + εt (3)

g(t)

s(t) h(t)

εt

2.3 RNN

RNN Recurrent Neural Network

RNN

RNN “Long

Short Term Memory (LSTM)” LSTM

[8]
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APREP-S

APREP-S 2 α

β

p(mk|y) =
p(y|mk)p(mk)∑K
i=1 p(y|mi)p(mi)

=
exp(y(xk))∑K
i=1 exp(y(xi))

(4)

y(xq) = α+ β xq (1 ≤ q ≤ Q) (5)

xq mk ∈ M APREP-S

α APREP-S

β K × Q K Q
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[4] 2

2.2

3

Python R

Prophet facebook OSS

“fbprophet” [7][10]

3 fbprophet

g(t) =
C(t)

1 + exp(−(k + a(t)Tδ)(t− (m+ a(t)Tγ)))
(6)

γj =

(
sj −m−

∑
i<j

γl

)(
1− k +

∑
i<j δl

k +
∑

i≤j δl

)
(7)

aj(t) =

{
1, if t ≤ sj

0, otherwise
(8)

C(t) sj

k t δ

s(t) =

N∑
n−1

(
an cos

(
2πnt

P

)
+ bn sin

(
2πnt

P

))
(9)

a, b P

h(t) = Z(t)κ (10)

Z(t) = [1(t ∈ D1, ...,1(t ∈ DL)] (11)

2.3

“LSTM” APREP-S

LSTM fbprophet

4.2

1

1

4 2

(1,1,1,2,2) method1
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method2

4.3

[4]

DHT-22 [11]

29

9

RH1 RH2

RH2

RH1 137

4.5 19,735

3.3

10

DHT-22

± 3%

RH1 RH2

f(e) =
1

ε
exp

(
−e

ε

)
(500 ≤ ε ≤ 1500) (12)

6 1

f(e) =
1√
2πσ2

exp

{
− (e− orgi)

2

2σ2

}
(0 ≤ σ2 ≤ 10)(13)

σ2

5 5 1

5 RH 1 :

RH1 RH2

4.4

Null

St = α×Xt−1 + (1− α)× St−1 (t ≥ 2) (14)

S1 n Xt t α

0 ≥ α ≥ 1, α = 2/(n+ 1)

4.5

APREP-S

ERR =
1

2

N∑
n=1

(orgn − vn)
2 (15)

orgn n

vn n APREP-S

ERR

5.

APREP-S fbprophet

LSTM APREP-S

APREP-S

5.1

4.3 RH1 RH2

4.4
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RH2 12 9 4

54
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1
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5.2

5 3 8
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( 1 ) 1
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( 4 ) (vbehind − vfront)/

( 5 )

1

-1

5
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5.3 APREP-S

4 m1,m2,m3,m4 ∈ M

APREP-S m1

m2 fbprophet m3 LSTM m4

.

fbprophet

15

LSTM TensorFlow API Keras

1STEP 6 36

1 144

100 200 fbprophet

15

5.4

1

m1, m4 2

m2, m3

RH2

(4, 4, 1, 4, 1, ..., 3, 3, 3, 4, 4) (54 )

3 1 m2 2 m3

10 m1 19 m4

α β APREP-S

APREP-S

RH1

(4, 4, 4, 4, 1, ..., 1, 1, 4, 4, 1) (54 )

5.5 APREP-S

APREP-S

fbprohet LSTM

4

fbprophet

LSTM APREP-S

15 APREP-S

fbprophet “daily” LSTM 1STEP

6 36 1

144 100
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5.6

APREP-S Eq. 15

1
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RH1 2 3
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1 Eq. 15

APREP-S fbprophet LSTM

365.0 664.0 1525.3 1764.7 391.1

8.8 11.9 52.3 4.0 42.4

fbprophet

2

APREP-S

APREP-S

6.

“APREP-S”

2

• Programming by Example

APREP-S

“ ”

RNN “LSTM”

•

APREP-S

LSTM

APREP-S

[1] Qi, Zhixin and Wang, Hongzhi and Li, Jianzhong and
Gao, Hong: Impacts of Dirty Data: and Experimental
Evaluation, arXiv:1803.06071 [cs, stat] (2018).

[2] Gulwani, Sumit and Jain, Prateek: Programming by
Examples: PL meets ML, Microsoft Research, (on-
line), available from 〈https://www.microsoft.com/en-
us/research/publication/programming-examples-pl-
meets-ml/〉 (2017).

[3] Graham, John W.: Missing Data Analysis: Making It
Work in the Real World, Annual Review of Psychology,
Vol. 60, No. 1, pp. 549–576 (online), DOI: 10.1146/an-
nurev.psych.58.110405.085530 (2009).

[4] , Program-
ming by Example

(DICOMO2019)
pp. 2–8 (2019).

[5] Mckinley, Sky and Levine, Megan: Cubic Spline Inter-
polation, Coll. Redw., Vol. 45 (1999).

[6] Hastie, Trevor and Tibshirani, Robert: Gen-

eralized Additive Models, Statistical Science,
Vol. 1, No. 3, pp. 297–310 (online), available from
〈https://www.jstor.org/stable/2245459〉.

[7] Taylor, Sean J and Letham, Benjamin: Forecasting
at scale, (online), DOI: 10.7287/peerj.preprints.3190v2
(2017).

[8] Hochreiter, Sepp and Schmidhuber, Jurgen: Long Short-
Term Memory, Neural Computation, Vol. 9, No. 8, pp.
1735–1780 (online), DOI: 10.1162/neco.1997.9.8.1735.

[9] Gulwani, Sumit: Automating String Processing in
Spreadsheets Using Input-output Examples, Proceed-
ings of the 38th Annual ACM SIGPLAN-SIGACT
Symposium on Principles of Programming Lan-
guages, POPL ’11, ACM, pp. 317–330 (online), DOI:
10.1145/1926385.1926423 (2011).

[10] Facebook’s Core Data Science team:
Prophet, Facebook (online), available from
〈https://facebook.github.io/prophet/〉 (accessed 2019-
07-15).

[11] Candanedo, Luis M. and Feldheim, Veronique and De-
ramaix, Dominique: Data driven prediction models of
energy use of appliances in a low-energy house, En-
ergy and Buildings, Vol. 140, pp. 81–97 (online), DOI:
10.1016/j.enbuild.2017.01.083 (2017).

[12] World Weather Online: World Weather
Online, Facebook (online), available from
〈https://www.worldweatheronline.com/〉 (accessed
2019-07-15).

「第27回マルチメディア通信と分散処理ワークショップ論文集」 令和元年11月

©2019 Information Processing Society of Japan 14


