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ABSTRACT

Military logistics management is highly sensitive, resulting in slow progress in the innovation of
digital transformation while conducting artificial intelligence. However, many innovative applications
have been proposed in the commercial field. Therefore, the issues related to that military logistics
management introduces deep learning to predict and analyze spare parts inventory demand are and
necessary. In order to solve the problem of asset management inefficiency caused by traditional methods,
this study proposes a spare parts demand forecasting model based on LSTM recurrent neural networks.
The empirical research results reveal promising performance that LSTM algorithm can improve
efficiency for demand forecasting. Accordingly, the proposed scheme provides feasible methodology to
achieve precise logistics management in the future.

Keywords: Time Series Analysis, Demand Forecasting, Inventory Management, LSTM

AR p @ 112.09.13; = ff i 2 S P 1121221 T i
Manuscript received Sep 13, 2023; revised Dec 21, 2023; *Corresponding author

29



R AR

2t LSTM GEEF A S5 4 B2 Hhdp da et § R ml 0

- - —a‘T” —:;_
"5‘.%” FEREFDEE 3 E > iTE kY
Bt B AL AR A A R TR A A

u*m&tﬁﬂ FUAEFAF{fHEE
ALFEZ A s E AT A HE N
EFEFTEREITY ?E%ﬁ“@ E o S a2

AHRA R RE 2R T o o BB DR
R EISEE M LEID Sl 1IN CF Al o S

PomEk TREPERE Y R RY
TR ATER R BRI LR CF B TRE 4
EHPUPEA NN RRAREF LA SE S %
xﬂai\nhza,..a_:fé‘ﬁ*«" e BN E PR it o 3F
%;%akqhxﬁﬁidkﬁ o R
&E P e ) AR SR R
ﬁwafﬁi;“%ﬁﬁaﬂﬁ-”%%ﬁf
FOoRFZHEPLF>AEE (RFRFE-E£4
4AME) *f*%ﬂ' LRI E
AEBA PSR EET o BaLe o f Ry
IZIE K%ﬁ%?%ﬂ'ﬁ’ﬂﬁﬁ?gP
rg,, AR RFER R EEHE LR
,,\ LLemdTag y(f'ﬁ@i-@
RE2SARFIHT E HEReIH
ek ko *El*?ﬁ% i~ R ’%53%
vk A i -"{ﬁo_}'i T8 A 4 ‘"fﬁ»ﬁﬂ?é 10T ﬁ
FEAR  BPTR AT ARHES R
¢ﬂyaﬁ9ﬁﬁﬁiﬁ&%uoéﬁﬂﬁ
@lm%m:ﬁ’jﬁ%?%ﬁ R R
FAGFD ST LB f KR 2 7
K;,—I»f;{ ng‘ - F'~ MoFL Sk ffus‘@’? T
fods FAEEE 2R LR FET 4 E
BTz 3o P RE L RS A ED
Yo 7R B L L ST R R R
& e 4] % ‘f?bh’Iésb“x#ﬁ4')"*\7‘%;;}7’:%‘?‘“
dLE g FRPEE PFF ST ESI
M A R EE G RE IR ,;ﬁm’rﬁ?ﬁt
D R D CRIERIA N B E R AR
F[1] e
RE At NG niseFmms i g g
v x> F 8k Sg 1 (Total Life Cycle Systems
Management, TLCSM ) = j 3.3] # 12 iT £

'

LL/

lT:‘_T_ s 1)

&

A~

o

%

A2 i E R B e R P
FH A AR A B bl A

d“ﬁ%ﬁi%i%ﬂﬁiﬁmmMJW@ﬂ

i &?%%:lf; Vuﬁ'ﬁ‘_ﬁ_,ﬁ,,g ]5_,315 g:’
R i P PR A
BEIMER SRR DR RS F

30

B4 F B R SRR o o 0
MR fﬁé*ﬂ@&&ﬂﬁﬂ@wq
s BT A iﬂ%‘,ﬁ/@%% [ER SRy =N M e
ﬁf%”*@%* ﬁ&’@ﬁﬁiﬁﬁﬂ
FooFlt o M RAERIFFEE LT HEF R
EU SRR %?%wwii$ﬁ$ﬁ@
Foeaa ko m P B A BEE L ek
FokTEFERLA[2]
MELEAOFE NS AT E P
1RG4 ARG F LA Eara @
TR FRBETY C ZRRR
$‘E%“‘%%?%§b P s R
CRH T B LR ﬁwﬁﬁﬁwﬁ 3¢ "Lr@"
m%‘fkﬂ‘]ﬁﬁ;ﬁl}*% Br3gap S i { i
%Aﬁépﬁaﬂzu&ﬁﬁ¢ﬁ m§$,
T g i 2 R A R A d e
Bop ILamay o plig s B A o
FE KRR Ay AT E T B
Bt e LPBREM TL AL R LRA Rk
FEETEREA T2 £ B FL 582 FWE L
Fod FAT2 A A A 1 EIRIBL A
* K rF%ip#ﬁL#aﬁ,\g\gﬁg RS0 s
[N R RER - L VG 2 R
ﬁm*ﬁ%kﬁﬁt%ﬂdwmaﬁi@p
FIW2 BT R o d R BEGEF T W
BAMpEF ST EEY 2P aLL A%
SHEE URIERE S ﬁfﬁﬂmuﬁﬁm,gﬁﬁ
P AR s gt L3 2T A
METR AL ES L SHRE T LA E
Sehd s TR BAKFFEEDTRT R
LIS S AR ) 0 SRR
bRt s o HARH AL EA 1 &

AR

o FEARZE ii@f?ﬁ}ﬁ*%i?%%'l’%;.%iaiﬂfﬁ
ik P RFE 2 ARERE KR B2 E P
AR E A B E RS o

PR PR ARREL IR 1%11*"
FFRFERI AP R M By SR 5 R E
HERE AR R E A RS B
ﬁ%i&#%%ﬁﬁﬁﬁ’k%éiﬂ &
Mg S AR B g BT R R

s T p,"—iét—‘-l—%]\'}’:':’ FE B IRL 52

FPIZREINER R AEIFITE ‘_sgn;qu

Ho TR L AR AR FEAARET KR
Fomzii g pg i pALRF R AR
£cE > FREFREZFLEEHAR A 2
T Fpt R EE A B SR TS R
AR R S E AR R



R j"ﬁ e E Y B
& AR RIS F R
kil o Tz LR ,—f.,,%,ilgn%
I IR ST
ﬁ*?ﬁlﬁfézf‘kﬁfix&ﬁ?;m,}f
(pnE e BEEE R TR,
BERI G CRTREOT 1,
'#:F'F!F Bl A1 IF;‘:—$;\"‘E\-f‘T F'#"
#ﬁ’ll?éiﬂbzﬁgxﬁ o A 4
}%’ﬂ\'ﬁ‘?‘%lbmﬂmoffr},ﬁ‘ -
EFa ks d EApHEBY
B FREER b FALS 2 5
k2 RO BEFL LA REBLAR
- B

4
o ,f «ur. El R -F#

E:1l
=+

x

W 1

I R
18 3

7"”}%7@}&

L B ;
s EW: §«»~
» oo Eoe @[
T I - A

SRRl -

ChY

pua
jud
T,

—

=

£
-

*ﬁtﬁ+m@.~f*$%ﬁﬁﬂ%‘
FALAN B AL FRIEL o
T RNt ap M adE Y i B
#iﬁhiszm/ﬁt”Lan/E\‘ le%\;’F' 5’ gt
FoERWMPEAZRAERT RERB - 518

*-a

BFHIPEEY $ b x5 22— £k
SPIE R B ] IJ}F??/P F B #e g
FrEERam BRI e VA REKELEE

)‘

.%Nwﬁﬁ@’u&%p;%**?w? ¥
%*&%iAwﬁ%<¢»@;g%ﬂﬁf§

L2 B PAREA AT R EMEBEL
:’f\/:fi°

AP AR AOMP R R
Blapda B2 enfr e AR % g7 a7 @
EREY 2L EPEFEY ger (LSTM)
>%?#¢*ﬁ%ﬁfnﬁ’wuﬁ%aﬁﬁ

AR AR B T RESEEPELY

SRR R SER R RS
2 R RO IER S U E R S8
‘J 23 T\’ LMEEUPERTR &
J:sb°*'“ﬂ\£ﬂ B ehh 1aE
%'7 P8 AR ”“ﬂ' s 3 115 B
\55;,4:4»&: WO PR R SRR R
ﬁxm%ﬁw LSTM %A & ¥
B PR R 5] F ORI R

‘31‘1\*%\”%‘@5&**

f'&

a‘\
el

S

g\%%‘gﬁ
%Wlﬁe
‘?"“2".""‘*‘—:?%%
w

>(3=3 oo -

e
\«_

"0

=

<k

(Y
7

&oqp S e

W
H‘\#

z

31

PRBEE $71=% $-% 11305
JOURNAL OF C.C.LT.,, VOL. 53, NO. 1, MAY, 2024
DOI : 10.30188/JCCIT.202405 53(1).0003

ERRT &
203 FR

GRS S MPRER AR G
%%%ﬁ@é$£«%“4%¢ﬂ% %R

£ %%%ﬁ:z@”ﬁ chrb i B R Lt g
AFRB B F ST S B e
vtz Er*/ﬁ% 7 i—’ R ekl i)
FREFZFHEARETRE > PEFRHEF R
gw~hﬁ~&ﬁ§ﬁé’ﬁi%%%@§$
Aeeng 1P RoWIld[3]3#% 1 % fF A - 9 &
EEDPY RIRER hEd 2 f L
AT E o BB hirdlY o & R Rk
B AER BT UL DL R AT A
A AeBFRES Y IR ELESTEE 4
UHF NG T e L B sdY B BREA DR
e h FE - BAYAFROPIgR
LA St @R - Rk B G ek
Wehe B B 2[4] -

Consumers DC Demanc
Demand
& &
L >
L] Tere Teve
Retallers Distribution Centers Manufacturers

Variability in Demand increases

B 1.

Btofh i & 4 F 1 ( Supply Chain
Management, SCM ) & #4234 | 4 ~ PRA% ~ 31
‘TF’E‘ ERRAMHINE 2 ERE WEF 7

*@ﬁ?ﬁ%im@ﬁ,@ﬂﬁ3%$%
?M~%%*1E #w@* Feng o 4 kb
& :}%Eiﬁ 2 PR PERZ B om L

£ B B

ﬁf’:’ié“' A R T Lo |HRE g
Fofm i 1 AIER > Rkdok £ 803k (bullwhip

effect) » &rl%‘] 1997 » 2 RELAF G & 2E
,4—}{—,{”’1»’1‘!;:‘? ’m%—y(——jgsfg_l ¥ B iEen
TARA[S] e FAFEAFLILEBREESF
Fo f ¥ A m s E"ﬁéf?ﬁi?""’*‘fﬁﬁ%%ﬁﬁ
AR F I o A FE IR B D FE o
FRAEZ[O]F T #1203 p AR P E
FTEHEHNEEFT ARG E BELE S

BLEEN



g
> LSTM R4l e psd ffdp 40 4o 14 § A1 RS

b
4

% B

(T
RN
R

-

= e
'ﬁ-'m

e A L
yalﬁ_\‘(gt,
ﬁm

el
ER)

B oE T A

o JEE

\
F_L
S

- A

g %

»
Y .

4

Boyl

AR A
27wy (N

bl
o

:‘H\~ oy 4
N
iy
i:‘f: o
V
S
LA
RN m
=]

i ¥
L
o
==

Iy w3 B S
Rk

& oy

Pl ST
I
I
prisy
A
4¢
)y
4 N

A .
o

Lo drie g g B
KRBT L REATH REE T Fo
PORCE PR (Fe
ARy G E AR RG] TR
24 & ( Collaborative Planning, Forecasting,
and Replenishment, CPFR ) & i & 75 b % ﬁéf,’
BRE G IEERD T A5
f«i#ﬁ’""l’ﬁ ¥ ?f’}' AR j\‘—;— 4_/:‘?*1% =R
FE;‘/& %/\ﬂa_a;i*"ﬂhmp R X x_— féi’
(pAPIAF)Z M50 ¢
ﬁﬁjﬂ@p%ﬁ&ﬁa%&ﬁ&#ﬁ
R E CREFEREAAZ ML
PN A [T e F LRSS A
FAE R R A f t——r‘ & F ik Ta‘iﬁ -
oL RN E IR E R AL WIld[3]4p O
B AT R R A 14k 5 L
Bl TR R FEHIEFE AR DA .
FHREEATRES F Y L gR
3T H # ¥ 2% ( Economic Ordering Quantity,
EOQ)  #%®#h i * By e B I |
Bl ST S i A Ee 4 g
P — BRTREE SN E AT LR o 3
-:Jﬁﬁnﬁgﬁf*ﬁ?ﬁﬂﬂ&ﬂﬁﬂﬂlb
ket F P EEREDLTREF R G
A HE 2 AR HADERE I%Lﬁ“mfﬁﬁ“ﬁ}*m
BT RS T s J’j*{ﬁﬁﬂﬂw]of’kﬁv 2

¥

HE el F &
ol

T A
gk

P
%
o

aAF AP OE
BB AL E L B
FESFEA R IR IR E ®x
Ll T FEET FH R E AL R
éﬁiéﬁ*ﬁﬁﬁ?ﬁ"ﬁﬁﬁﬁ%@%%
BR ELFIRRA LA TER TR
FiEr-ERRGEY 2 %vml{%W
(FHL RN e M R LA
TR AR S PTIERIAP R R 2 A k2 Hp g
kR TR B RO R 0 RV IR R

?~% w%
A A aéﬁﬁx%@#f'é
\’\E?”f'*‘

?j o

32

2 % R

FARERAAETHE SRR AN
Mayer-Schénberger and Cukier[9] % § 4 &=

iiﬁk'— PO A TP & *“"ﬁ/?l%ﬁ‘l’m

%5-:]"*'1<~ TG~ 18R ko
EREE YR AL e R b
B i S¥cie & % 3 4 o Huaand Zhang[10]R] #%
FIE e G RFER ORI E 4L B
RERM o LFIFRIFT UE KEFF = Ao
BRARERRECRY DR CHTOEER

5,%ﬁﬁm¢mwaﬁ%@ﬁ*%«ﬁmﬁ
A1) p ot A EY HOfiEr NI ELY

éi%ﬁﬁMXWEwPﬁ*w%ﬂm#m
* AR A SAEA A 4 s € & A[12] o Chen

and Chen[13]6%7 7 4% F| % it & I RIF %5 2
FRRF G RIEAIEFRET T E EITIL

FEEREEE o d )LV S doie A PR B pr )
SRR B B AL ) enIE R AUF AR
ez ALY G o
-‘*‘]‘\?}I;‘P]m'%jzl_\ﬁ LB (T
"*’%‘”L"” (Zf2iz ) A e A 5[14]
i 5g R &_- ﬁk\*ﬁbt’ﬂi;lmﬁ}ﬂ]p i 2.
R FEHG T R FE ARRFR F RO
%Wﬁ“*%w_aﬁxﬁm%%ﬁta%{
wﬁ@%w Bt TR RTER R kg%
3E4xpéﬁﬁﬁfﬂ“ff”ﬁ 4%
FIETREFTIERcE IR T AL
TR RS TR AT q R R
ﬁ%%%?%iinﬁ@ﬁﬁjﬁ
@wmﬁﬁ%ﬁamﬁﬁ%ﬁiaﬁ%%ﬁﬁ

N‘«-

e
\rﬂh

}§

B

A-\—

o PER R ARG 2T A L PER B A s
ST E B EEY A 5 n4p b IER S E A Ao

B2k Len@ap@a s =iz #6T0
i# ~ 4p 8T f i= (Exponential Smoothing, ETS)
2 p i §F ff 4 B B T 35 (Autoregressive
Integrated Moving Average Model, ARIMA)EE )

hoERE Y PR AR SRR N g
3 Z 0 B LSTM % o 28 7 T ;%Eg%’\pé;-ﬁ& 7]

FHR A B AEAE ‘f”f“"’g—* SEALRE S
Mo s LTS A Y TR A s A
K fE 2 FpR r-‘Cy“*k’** PR R T E

HE AT Wk 2 TR S B 4R

AR o



EATRTE |
Il_"‘ == EEEEE . ‘\I
[ |
iR gL [ (52 ] Etine
I I
ERE | nasL- »
EE | ey b REE:
; TARD
4 2uERTag
L7 TRAASR LA
e
e iR
el | 4
R ||
5™ ARMA

Bl 2. 48 fs FpR = 2 4 4F
23R AL

TRAFTARSHEHFL TR
TR BT R ERA
£ij_%[14]#‘£ VPR R 7
‘;:,E.*#HWIFL%L l__‘jﬁé“miﬂ;tfﬂ?ﬁ“}lﬂhr
AA-BPRRE AT E- AEEC
(ﬁ‘i)mﬁﬁﬁ*ﬁ*ﬂp%m—ﬁﬁ’lmz? :ht
A RBEEAR A THE- REPFRFE
ﬁvd»‘é,\%cww\ﬁ;w}ﬁi & A gL R A

R g
TR RE mﬁﬂ EY
FI AT R AR B

E_g’j}ﬁtulf" Iﬁ,:”.-q-férl Shm%ﬁﬁ’m%i
,f;\,/q\vrﬂz,_nlg/[kp‘_:,._ﬂl ¥ I;LE',_W I&m
g1

PR B S| AT D A AR ] B PR
%ﬁ’%im)ﬁ‘{il— K e s RER DA
A B TR ARE R L 2

TR - R EARE e 3 PR chA A
e FIRD R R P R B AR I e R
Boon BpaE R e B T & BARE G R
Bl FEhoas R[15] > % 2%[16] ~ = W [17] ~ ,J\%

2[18]~ WE[19]~p 78 £ 3[20] 2 & &
21 F 2] 4 5[23]% o A nf i
Fresv —;spafgfw};,,“v\ﬁ 45 ik it

o IR RET RIpR e %?ﬁ;}gkw;;grﬁgx
%*ﬁ%ﬁiﬁmﬁaﬁ&;mwwnaﬂ
L e ] =y e Lh’ﬂf‘”fﬁ,g\,mb 54
(Frd Denpe A 7T TR S 4 K & F

+ B
Tz

P

)

33

PRBEE $71=% $-% 11305
JOURNAL OF C.C.LT.,, VOL. 53, NO. 1, MAY, 2024
DOI : 10.30188/JCCIT.202405 53(1).0003

B epE B IR RR R G A A ene &
Wit b A LB h T F { SEAEY
% R R R PEAER - Wang,
Chien, and Trappey[24]: 3% ARIMA = ;% ik
BLL PR R 7y R & W % i (stationary)
AR RIS o B R
W4 ARG E T i ARIMA o @ E
B4 5 e (Long Short-Term Memory, LSTM)
A 38 e TG | A LR
’I-lp fr&sd - # M LSTM e 3gR > & £

A B AR AR E O § AR R
Bl e B gr 4 feooe F o ¥ ¢ Dali and
Chengcheng[ZS]éﬁLﬂ9 d 3Rt g a7 g

T B AL R RO S 1 4 I
BlE% > Rm LSTM #3e v M A% i ihE

W 14 18 F) fdF eI R % :f.z TR Bl
A3 LSTM BRI T/ 40 - fF & 5%
# A 4~ f# (Ensemble Empirical Mode

Decomposition, EEMD){= LSTM % & 3¢ B i
3B R{cT G R AV LR R
FEEM o U R AT E B 5L ARIMA PERP
Fe Z0SERIHCA] o

Abbasimehr % § [26]#% F| PF R & 7| 3R
,H:}j:ﬁ:ru,r)ié 3 LSTM SRR ER S T )

"'!

Bl FIF e o T b (g A
}EJ%%FTT l@ TR 3 '__ng-—'ﬂ 1\‘??. B e s ER
P EA R > F P AT} 8 Y LSTM &
ARIMA 22438 (7 v 0 rUFgsndi ik 2 F i
TRRIER 2 -

24 L iLiEd LeE LSTM

LAl ekt (Recurrent Neural Network,
RNN) 1’%*“/;35:5‘5 SRR - B A
O AL A e 188 B R AL 0 3 PR
BV A RIpRI A RepdB$ o322 2 AT
R = mﬁ*] HER R & s R ik
Py Byt BB A B Tese BB IS
. RNN ¥ > RBak s PIRRET B > % 305
7 e B R iy oo HP P B (R e gt
FELE A S AT F o R IE R A KRR
ﬁ?ﬁ-@)@?lj?ﬁ*' _E'_”"] RNN $ % X ¢33 2>
£ AP E R L DR FFR[27] - X
E 4L171¢'J®¢k FA B L
= \*“1%’@3&' B 3k BT 0
RUETRI *%mpié_ﬁ* Lo Fa A “ﬁvﬁtzﬂ
Ao F2Z FREE S 1Pl g3

RN
e
#»

P o
4
Mg



R AR
2+ LSTM & juﬁﬁ: A G e i #4 daf 4t 7 R R

A B Ak @ A2 R R R BE[28] - G
&4t B 22 > Hochreiter and Schmidhuber[29]
KL DA S (LSTM ) HiE 4 » 3 L
Rkt o 4ot 7 00 AR E PER E RS & F
ML ik hEFTRRAT -

RNN fr LSTM 2 @ chi & % u| 4
LSTM ¥ Mg s £ P FRFEAFTHN > T
LSTM it 734l Lanfm /™ ﬁe?l
R (InputGate )~ i X B (Forge Gate) {v ﬁ%
R (Output Gate ) ke = ZHE[30] - H ¢ s

Wik gpm =t T2 g‘ffﬁg&%/\ﬁv#m 2ty ow
E f pe enlicp ol L il R LI
H =~ LE_'_#‘ xﬂﬁ; "“'i‘ﬁﬂx ’ JZ%?T"%'? RNN r‘]ﬁ’fizﬁ
A RF @ & Y gy /% o Siami-Namini et
al. [27] iE* & gyt % ARIMA fr LSTM
I 5 FRRI PR R 7 By i & e ey
B #s%%% %M LSTM P & > ARIMA -

FE_H ijfklg'fr",#}i%f ] @Li‘,,.,./z 1,_%"}\
TR Bt B B0 Rl e g
P (LSTM) 5 2 AR5 Bt d FIg Rl 2 A7
i“*?&’mwﬂi%mﬁfﬁﬁ R

FriE R RIRRIZ AR 2 lf’v—a‘ S Bt
ﬂ%ﬁ T &I A LSTM w7 &2 m”ii‘lvﬁ#
R lpfl I d’ i g S fy‘? L % 2
PR B BT B2 RIS o Phow i
PRHF AT B A Rz E L
FAECRWIFREY S ERFREEY ER 2
TR S F R SRR R S T AR R B
MEr o F]P > AT Y K218 5L ARIMA 2 50
@ﬁw@»%%ﬁ%#%%%mﬁﬁ&*ﬁm

v
1
»
I
2
-!-
NN
=7

-

Fﬁ‘gfﬁ‘f}‘&-\““i—? Bﬂvf‘ ~ T 'q‘}i'pqﬁﬁ
A G ERIEY 1T Eﬂ? P B el o I

L2 peno

3FLEE

AETHEESE C R B EEY T
1~vm%p+%wﬁr?&ﬁéip By
{H2H - FEAFSET UL TR A
L éwéﬁ Ff?m%%?“w R
23RN B EEIERNA R AL R R

T I E

34

A\
b g
/

} ﬁiﬁ amﬂs j

- Fo A
| w
Laih EE;“ R ||| A2
P #Elfi II | L5TH £(M5E)
b L ‘| l- x
VG GD e
Vv dune | (| RER [ EORN
1L
G = | bt
- Al —-
£hA ) () G
: e
HRSE | | wwuse | || mm || | S20MR
|| I (MAPE)

@&P”“ﬁ@

P2 Sl ST LA e

2010 & 3 2020 & i 2 103)&%5&'4} S b o
FRLEEFEIRTE L AR A B #
llxaq**f it 2 ﬁp‘}li'ﬁ%ﬁ‘é}ﬁ&ﬁlﬁod .}«?
1‘1/3;,]@14&5&1?#;—;;,.?:1 A T TR
SLLFBORRAR S 2 AR e B B A
Fﬁg;’f ﬂf"l*%’Tﬁéﬁi{ﬂ'rﬂi%o % 2
A Tﬁlh*\—}'%&}*@;%/,,\%]gg,uﬁﬁ
2 il Ffé%"l VIR TR deaE 2 H0A] 0 @ Rl

EERERY k=R F’" ﬁ%“rfé‘iuﬂtﬂ'lir?«
o e P S ORIERCA 2 4R Wta‘_’%*?ﬁwiéﬁ
TR RE ’ﬁwéi # o % RIp R -

3.2 e LI LSTM

LSTM ¥ M 3gipl & 3 & wif f pr i chps
BRI R 7] 22 B s RNN 4pvt 2 B ¥
BH[31]-LSTM bt 2 H & = A0 S it &y -
(1)@,;\@1 ) ’dzé TAME E N R E D

£ ,(2)§i B2 F B REA T (3) B8 P
A SEAE EE S L S °€‘c’h’€aﬁ i
BHLF 2O (DB (2)
- f[;ﬁ;,?l% Mi,» 1% (3) - f[%ﬁis?lﬂiﬁ’?ot 2 il
FHAcB 4 bieRE =0 o 25 BT B
rod kg A X - A e - B
WS PR E b (a) LA R
RS EL Y AT (b)%pﬁ? P
R TR e Ple R o (o) AR R
LA 45 14 ey ) o



Suq = El
&
T
i ":_. 2 o *
) §] '} i
I |
a o we 0
i i i
F \
(1] LT ¥ [
Py.q L3 i i
% TFomgetgae 2 inpuigale 3 Output gabe
B 4. LSTM # 54 B 2 5 )
LSTM 3 £:i&%* = B4l 5~ [ M iE b

~ %k —H?j’r*"'%w”'l A Ok i - I e
R N ﬁ'*] » B X, fo —Tﬁ%} NE b B
(FHk P REEW,)ITL § X ()EE Pp ¥
I T b il £ IEbe o 2 {6 | 12 sigmoid (o)
7% I fic(Activation Function)ig {7 2240 & 4% a2t
& ooH ““_‘;uﬁﬁF’BE Xkt B kT RT

LLPZ(Q mm&iﬁﬁwfmxﬁi‘P 1) 1‘%
;\.; ﬁﬁftm“ ﬁi \"lit"é ’\‘ (1)
fe = o(WpX; + Wrhe_y + by) (1)

B BAP SRR TRk
B, a & F* ?&A\#%gﬁpﬁg%ﬁ MWEEE ]
%frée‘fﬁﬁkﬁ«ﬁ”i’fjfﬁt??; °ls'p'317’ ¢ 3 }; 3 i3
FEARM - B3 A E "“H'?let"‘"i"é; %
*ﬁ*ﬁﬁﬁﬁ%ﬁ FES-§ by~ X fe
N ke #B.f‘:é—@f%g@?])\(gq\g]%—p ¥
EW) b5 AT Bk okATET R

’i =X

FERFEA w20 () ¥ BIHGEAF
P8 RIA® ks gy i eng s (h e
T E) 8 A =t~ Eedp R4S )5 A B AR A
PEFE Al T+ PR FIR B AR

* Tanhjgcs & foie 7 28R e 0 4o o 30
(3)-

i = o(W; X, + Wihe_y + b; ) (2)

§; = Tanh(WsX; + Ws he_; +bs)  (3)
FRADEA BHEEAFL o EE R
ftll’—. ERIE L R %7}’ GRS RN
RALFRGH - TR LTI LFFR
% s g,‘wgécutﬁgt;f\ﬁ-m =R ANV

35

PR $1L24% 5-8 11305
JOURNAL OF C.C.LT, VOL.53, NO. 1, MAY, 2024
DOI : 10.30188/JCCIT.202405_53(1).0003

Feze i L H A8

St = ft-Se-1 + 1. 8¢ “4)
ﬁ»fé{ﬁ%l O | {q*j\i‘""%]“'.m"‘-

&
’f#.??'*i{?"%’ ’5"%] . ¢ ‘fra"ﬁpﬁ'ﬂ»' hey 4p 3%
EorAuF I RREBW, aby s BLIE T
v ok ik RN 0p  Ae (5)° &4 i 1

u’“?‘%""']%?%mhtﬁéz\‘ (6)> Lbkﬁgﬂz-"
Mtk & 8 7~ iEs, 8 @ Tanhjo s & 3,:&5 )

ﬁg‘lﬂl motnﬁ.f'r %1% ] E = IF’ ’*'Jﬁx

op = o(W, Xy + Wohe_q +b,)  (5)

hy = Tanh(s;) * o, (6)

3.3 HAR R A R

LSTM # g e g i3] gz e " 2
AL S B ATRR o ﬂ Peni S RE BiIR
ﬁ;ﬂ'l«"lﬁ 24 {_}_Er‘rf«,‘d»% y iﬁ‘z} F%%&T—‘E‘&Lﬁ
o S SR G £ AL R SRS &
BT HRA G pE A S BE
IRFFEYFR -
3.3.1 JriE ik
2tz

/}f/r\ﬁ ﬁiizﬁ)—ﬁ—‘gﬁ ¥ oAl ‘5}*‘

e %Fﬂm%maw»%
For A 0 e ] e d R - A EAEY
EEEE IR e S e
AP TR m{ék&[:;z] d 2R = &}g&%_gf_\
BiEB NS m#p+m\Wmﬁé1@w
HEEY %G EH O PURERS Y drkk

ﬁti—ﬁf‘gd TR 9:5:,;\}1 T Yo LSTM %
Y @ Flehba g vl & G
Slgm01d % Tanh & #c - Sigmoid & HeeiE 38 4
0OF] 1 2B d vt B R T R
A g iﬁ%i?%ﬂ&r’fﬂ@ﬁ'ﬁ’mtﬁ%m
Fioo A LELH LT @;@?\;m IR
Mo Flam oA ..:;_..a‘*ﬁ*é Fy el & m‘&’ﬁﬁ
e S B #E o XA sigmoid & ¥
RIEE avﬁ::fﬁ ERE 3 Ex Py uﬁ}g
;fd HRRFEY B xkPR W4 (vanishing
gradlent)mf’p g R R R i o e
> ARN(T)E B S AT e

.
B la,'

fG) = (7

1+e=*



R
B LSTM df 0 g g s ffip 4o e 1 F A miiica

—
_
/
e
/
/
/
0.54
/]
/
/
//
Il B | ! )
-6 -4 -2 0 Z 4 6

Bl 5. Sigmoid & #ic

Tanh & #cf| & 4F 02 Sigmoid - fE 24
Sl BB A -1 ) 1 2 FE ’Lﬁl
?ﬂlﬁrﬁ-ﬁ MR AT AR 2T IEE
0 E‘*:é * o e E 2 Sigmoid Silic- kA
BREFETFHAABE T G BRI A DR

d
v
-
ER

i

i ei—%lr 255 (8)% B 6“7 o
tanh(x) = e (8)

tanh(x)

1

%] 6. Tanh &
332 4 ik

LSTM i i % 4 ¢ df 4 & #k (Loss
Function) f| ¥_#_3 "' RiEAeT * kL ERF h
PR FF R - S S iR B
EREnL BAR D EAR AR A
LR b < U ok L L IS R O
Fffce FE* LSTM &pF i A7) 2 i §f cnf
pF o B A& Gdp & sndey 397 34 (Mean
Square Error, MSE) ~ T }2% é”% 7 3% £ (Mean
Absolute Error, MAE) > @ £ 38 * {4 5 crf® {8

Rl ¥ L endn e s < R % (cross- entropy)

it fFenf ALY o ¥ AR E A
BT EFnE L F B IFREAF B
i - R A EP’ o F e Bt b h
'—5&4 % (residual) j» @ 4F 2 S #c ¥ 7 Loss ﬂ}“g‘

36

g T Kﬂm’fmﬁ,? [ERzZ>E SR 1@&# *
i 4 e s ¢ 397 4 (Mean Square Error,
MSE) ~ T 32 $} (& 3% 4 (Mean Absolute Error,
MAE) -

22 %4 (MSE)&_* &3+ B igplige &
FEL LB e B WA L A
FRORTEE AR [ P Y
e b T2 Ak fE A RAEARY AP H

/ﬂ e o JEH VAR U] iR B 2
L R AER 4o AR (9)1 T %180
@%; b AT T 05 4 R (MAE) -

MEHEB DL ELERH 3531] EHEENE i

(10) -

MSE ==, i(y; —

91)? )

(10)

AT R MR AR B e
#A(MSE)2 L1354 4 @i’éi—;;?; (MAE) % % #
AR I % Sl o

1 ~
MAE = ;E?=1lyi — il

333 B E

"CEFREV S OPEEFRE BB
HRRAA 5L m)a —*ﬂ? 4B B [33] o A
+,..}b&;;c‘ &~ B g B p e afgd o a
B it % (Optimizer) 4 % KA FRE @ S8
REALEN B G EDER D Z ¥ LRt B
3 SGD - Momentum ~ Adagrad -~ Adadelta -
RMSprop 2 Adam % -

1% 4+ B T '% ;2 (Stochastic Gradient
Descent, SGD)A_iF A # SR b ¥ & * g
AP EE R B AT
£ &z*;'ﬁii&}i fed A ATHER 0 3 2
EREmFTHELT ST 2R EfR[34]
Momentum £_T# & | thg, L o o B4 B 5 H0
BRI A AR S e AR B Y @
BE RIS RS YR BN
Adagrad P 2_% 5 ¥ 4P 2 A Y 5
%F‘H%Eii REE Y o RREALL S Pk
B oo o HP PR ] PE(BL R BT B )R A9 %
B o R E R S PR RN Y A
B Ak BEE BVRY SRR T A R AR
00 A S E ‘?‘s?“ﬁﬁi Adadelta 3
Adagrad e { #75% 4> ¥ :x & Adagrad 4 gho
@0 PR 5 ek Bk R T O 1L 6
YR EEY > Wi w - Y hT e TR

lL-—r .‘



ARl L RPFE O RBER TSR T kR
& 3 & & - RMSprop €_Hinton [35]#73% ! »
v iz Adagrad ik 2L o pt ¢t RMSprop = i
o Adagrad 3 4c— B R E P TEEE WX
¥R SR kL FE Y F R % Adagrad
By TRk 4T o Adam P EaTH A&
FEHCA] & LG s E o @ % B @ AR
L RUF A ci ol U SERE SR § S 85
g AT SRR od PRIV ES 2
LG Rak B T AR RSB T R
TR R B AR T B¢k
T h e it B E o

334 ZHF

RRAY SRR AR A e b L Uk
BES O FAF R AL WA E ARG
(overfitting) s1%* 4% - £ 3 5 Dropout £~ 412
TEAFFE T AVREEH A G
S BEIRAKE 5 F[36] AYRPEE - X
i % (epoch) 'y 11— T K F R EFR K A
EARERT ROH LA § BE Lot
fi5) @ vEiF B (backward propagation) ¥ - 4 F
Aoed AT S BB R A0 AT A RPE A
§BR R R - RS JE E T KR
F T [37] 0 Ao Bl T e

\

+

P

) 7. Dropout 7+ % [

33589

¥ ¥ & (Learning Rate): & & * % i % 3F
A S RDEAN SR EEEY R
FeRlb b BT DAY D E AR L LAT
S hE % o]0 BB B A T aciE B &
FooB BY F 5 BV R EA SR jTi
e AP B REMEA a RE R T g AL S
YHEBREZANFEEEREFOFA o pF
o ek B Y KL RTLAEEYER
e 7 oar ERA G RREE Y EFITn 438
DR ECEfRoD T FBT MR R A SRR A

37

PRBEE $71=% $-% 11305
JOURNAL OF C.C.LT.,, VOL. 53, NO. 1, MAY, 2024
DOI : 10.30188/JCCIT.202405 53(1).0003

MG BREPE Y FT LA SRR
[38] Pl 457 7 M5B R S p bR AR M

R TETE

34 #3"%

LREARER RN NEAY A X
DR EE L LB b BT
YRS EARTR G R kP ERA 4R
R E- SRR LTI LE &
M R L 325 435 £ (Mean Absolute Error,

MAE) ~ T 325 ¥ 7 & ' 3% 4 (Mean Absolute
Percentage Error , MAPE) 11 % 35 3 222 4
(Root-Mean-Square Error, RMSE) & = ;¢ & i&
FEsT i B3] 0 % 354 B4R > Bl & B0 By
53 -

MAPE £:=f iRl Bk & 4 * chdp ik
2 - f8 o MAPE 3 %31 8 $38 £ ik 11§
HE-REY DV EAFAP A ST IDE R
* MAPE » § | A A& o Pl & 03 A%
[39] > = A5V 4 (11) o

MAPE =1ym
n

) |YL:;5}I.| X 100%

(11)

7T 85 A (MAE)® 5 ke TR
oA L3208 R L K- B R IR REER 4p
Hov 475 H - RplEE BT I0E kLD
G EDTID . HIIDEL Aprt > MAE o 3%
WABBGHEN > 2 & NI f AP i
o Flm oo TIRGHEA n { e F RIERIE
A REE e § A EAR ] o PR AR
BFEARE [40] > 2 A28 4e(12) -

MAE = -3, ly; = i (12)

RMSE & - fasg4 * * 3% & #3a K ¥
FRIFREDRE v AFFRELFREELR
eh® 2 L T30E T 2 3 R R E B oA R
B2 Fend B AR L zdpiht )7 R A
P I REAL 0w 3 Ay B2 B ehag
BIEEA[27] 0 2 4e(13)

RMSE = 15,7, - 9, (13)



g
> LSTM R4l e psd ffdp 40 4o 14 § A1 RS

T~ RHREFTER

AP FECE R A
& §iE 2010 & 3 2020 & 2 @4y 40 F Wit B
AT e SRR 7 S
@B T FA e B G ok
AR B RE AR R TR R RAPM
R T FRE B AR TR R
B R BRI R e
TR BB IFLE IR S HESR
: *—’—a‘ﬁi:—"?" 500 &b ORI RS R IE G P
PR AT TR TR 515
Lo 4R AR PRI RETR
 4iF ;:.b%\;_iw;\gjgu,y;u B AL h 2 B Hs
“‘:E.ﬁfsl:"ﬂﬂfifﬁﬁ—:‘rvﬁ‘ > M é’b‘é—;?;“-‘— N ﬁxfﬁv/p
ELRRR i R LR SR S 4
R RS FERAATHLE KL
(pattern) o

\

144

e

4.1 PR A 72 § R pECT

M ERIFRE Y WA g E o i\’gﬂi’%‘
ARIMA & $opFF B 7)) 2 2 e = 3 F3E R
gt ¥ 2 (benchmark) o % & {6 v ¥ - ;’Ef(
Ho T e :‘tw]i:lll“f_f}ﬁl—gﬁ’* T0%F AL 1F 5 3
ﬁﬁg: ji)l’”ﬁﬁ: ’F'f#m30% ,—.»/F' F$$= j\/?
Péﬁ: ]r‘rl ST o}‘v-}'b Ij,%{x‘l’ ,L,F‘L/v\’]t’? j\’f@%ﬁaﬂf
BREAATHEEZS GEFFAEIITARFT @

SRR B SR o] 8 -

25

20

o
<Zt 15
S 10
o
5
0
TR AN TR
A A N NN
WEEK
Bl 8. X Exti* 2010 3 2020 & fre 7 KB
4.2 ARIMA #-3]

REZAT RS FAREY pa
& A58 T 5HA] (ARIMA) 2245 5 257 7]
A s 2 g—. ;ﬂ"{é""xﬁ’ ETF #Hd T ij(ARMA)
B & B - % kL ﬁTr; (AR)iE #1245 >

38

TI(MA) M PR R S ehig &AL T
* A4 %jklﬁiflﬁﬁ“}%%?ﬁ o d %> ARIMA
WAl JF & B T 5 T AR B A
PAF A FEELAEY DB AMAT T
B e 4 T 'ff’o“jﬁlﬁﬁﬂﬁﬂ "E &
£ ARIMA #5734 % & e SARIMA 2 =
#0340 15 SARIMA { i * *+ 2 F i s
B PR 7B e AT %RY o @
ARIMA i 5 2 2~ 47 T4 P A 5 cn® i o
BER ey A5 Blo%d o BlY TR
RS ARE R A2 B B 4oF 9

£ IR [

: |

Desmand

| [ |
Mk | i
ol “i ||I E*"-'l ;.|'|'1 LJL"_I;I.I‘ 'h-ln'r 1) 'Irll.h L.;I'.',,\:II_ bl ok 1{ ||,1.. !!.”1‘ If’.

0 100 200 300 400 500

wiseh

B 9. RiFALL pEE A 7 A

FRASTER B S B Y 4~ 7 3 E iF b
AR R R 1 FrERKB T
- HEEREEE S L3 b FERP ok
¥ %18 p-value x>+ 0.05 > B3 & #-FAlie

FHEE LA AT AIT - g
ﬂ“ig*#“ﬁﬂkgﬁ?%*ﬁﬁﬁﬁ

Fap Ll AR R e
B3| 3T FET o

Decomposition of additive tims serles

Ford

norad

tmrdor

Tire

B 10. R4-FARPFER A 7| L f25

L PR

A“‘

AR A R Y p
ol o FR S EA 22 kAR A Bl(4- B
10) Bl ¥ %5 v B3 B % - 30 &1 R
7 7l g;m)f,,;l AT ENNE { /A Eﬁii@fﬁ_rﬁiﬁ
A R Z AR FITARE TR DT &
in,ﬂ\g’avw‘?"lrﬂlaﬁ‘g-éﬁ“f“f?ma”—?mﬁé



A L2 R &g &R
LR FOR AL

BB SR R (LR )RR AR
HL A AT S e 0 T Bk (TR R S A 4T 2w
AL HAR TR LS P8 LR
7 2 H 346 T (Augmented Dickey Fuller, ADF)
by TR RABIANT T hpApME R
#ic(Auto Corrlation Function, ACF)% # ~ i p
A 4p B 3 #c (Partial Autocorrelation Function,
PACF)RA)» 7 * R%HEFH DT HELETFE - &
H 124 T (ADF)f% & » 2 7 e FaaH T4
o B p-value & -] 3% 005 c S AF T F
#L & ADF ¢ p-value ; 0.01> ¥ 4= FEF
HEBT L - AL LSS HA LR
(4oB] IDERFREL G2 R (ES &
REF) s VL ARRFTHEERE R[N
ot -

2x

A5
23
¥ o

L F

fuiv

Bl 11. ARIMA 3] <
B 15 12 ARIMA(1,0,0) % #ci 7 Ho3] 20 s
T ;t,_g_w /?J <8y = IE"F’""I J:lp ;}F ﬁi(MAPE ~
MAE ~RMSE) 4 %] 4c 1135 > 4p Fgg;}ﬂ%ﬂ B T
LIS R Ean A s HA AR 12 -

Forecasts from ARIMA[1,0,0) with non-zero mean

a5

el b4 204 2018

B 12. ARIMA #-3) 38 Bl Bl

4.3 LSTM #3)

e e AT RTT 0 3F F AR AT g ©
EPIFREEY W B £ 1\7?— Bl F 2 E B R
m*%’?]t“ﬁ\lﬂ’iﬂi-wa HEH ERE Y

o

39

PRBEE $71=% $-% 11305
JOURNAL OF C.C.LT.,, VOL. 53, NO. 1, MAY, 2024
DOI : 10.30188/JCCIT.202405 53(1).0003

LSTM 3 uﬁjﬂd SRR ETEREER AL
2 ARIAM H-AJi8 7 e A9 S e LSTM $i2
AR K s Sl g @ sigmoid o A7 2 BF
S 20 e it o P & W 3 % Adadelta ~
RMSprop % Adam> ¥ 45 fe }157;6 EAEE 5

FeFEEF R FSRE AR Sl
@ » dr@] 13 o
Adadelta ‘
P 42 7T RMSprop 2EE
Adam

B 13 3&Fke

L
v

43.1 fpE

AR BEFRE L L SIS ﬁfmu*
RSP CE RN I
A R R 8732 05 > LSTM -7 47 45 % gtiir'%'\ |
# 1. LSTM #3445 -3k
Layer (type) Output Shape Param
Istm (LSTM) (1, 1, 10) 480
Istm_1 (LSTM) (1, 10) 840
dense (Dense) (1,1 11
432 WUB LR
dONE Y FHEHNEIERG F - TRA
BE RS REATRE R L
T HRRARE Y 5 548 0003 & 0.03 % ¥
%ﬂl g IR LR 3l B 2
PEE > wR &K §:t23-4,\ wlrA g 20 230

%ﬁog; S%m, LB TRIEERY BRI A
BEAFYIRLL R IUBLELY A
AR AP RE T B R RS R e
/,,\ﬁ % AFTTER = R B (Adadeltas
RMSprop ~ Adam) e G20 2 30 0
S ﬁ«”“ gy Faia sy e
F % — ¢ k1Y ® Adadelta A g
7;.3;33*&,%,1.0@5@4%/?;;1‘ ’&?%‘3”
0.007 pE+ 1% 5] & | 7 MAPE & (0.0025) » 1;‘
R 14 7 nRERE Y FE AL R aip

7120

v
E



SR
Aot LSTM dhffid g e iba iy dade t 5§ R RIE2

B AR E Y FRR O WA A RAS &g:g%
o EEEFFY F 4 0.02 PF o MAPE |
LS 5 R N o W T am
E Y 595001 3 0.02 2 [ e

s —> T
I {8 7 O
000000000 RREREPRERRR
OFRNWPARUIONOOOREFEPNWRUIOIN 0
% L
— =1
B mT -
(9]

R
B
MAPE MAE RMSE
Bl 14. 5% = R i (Adadeltat#! (5~ 20)
F %= R % Adadelta # A 5 30
LETSB RASRER ALY SI

0.01 2 {6 » R HCAIREBIA A 10 ¥ &
¥ & 530 0.007 k2T > 2 MAPE 8 % = 6=
BapRRIERL Tl A g x 20 Ak

BEFEY SR MR LRl g
ngﬁi YRl 150 i 2T A7 403K T2 By &
% Ao & MAPE % = f& J‘_,p;fﬁﬁ_,—:
FEY 550008 5 HA RS ﬁg(,g, P
e 20pF > HEY 5000740k o

= —.0
[T
000000000 rrrRLLp
OFRPNWRARUIOONOOORENWRARULLON
’Ll\

@= VIAPE &= MAE ®==RMSE

B 15. & ¥ 5 i (Adadelta+#! ‘5~ 30)

Bk = ki % RMSprop #Efed 5
3 33
i

YR AREEER ERY
0.003 2 0.007 Fﬁ?mﬁ—‘“‘] iz o g4 B 16
FRoEEY RO OB RRR
7 A -

25

20
T 15
i

fﬁ 10

I S T T W S P
FF L L
SIS S RS 00 o7 o @

@ \IAPE &= MAE ®==RMSE

B 16. & ¥ 5 ki (RMSprop+#! 5 =~ 20)

BB iR % RMSprop #fe4! 5~ 30
LEG SR REERRI . § O S
0.006 PFH- Al did > a4 g2 20 FFAp IR 0 B
Y XAFEHBEA R T E L > 4oR 17 o

= MIAPE = MAE ®==RMSE

B 17. £ ¥ & §* (RMSprop+i? & = 30)

AT R R Adam e £ A 20 2
BYFRERFREEFRG Y F 0N I
R AR E R P AR 0 4o 18



6
5
sy 4
f
fili
5 3
 , .\._'_M
1 m_.M
0
> \} $» o QA N O > v >
M O O O ) \) O N Q N
QQ Q.Q Q.Q 09 09 Q.Q 0.0 Q7 Q7 O
B2HR
em@um \|APE em@e=|\AE RMSE
B 18, 5% % i (Adam 4! 5 = 20)
o7 0B Adam HReH T A 30 2

VR R RS S FREY F I P
Al e T P AR R > Ao 19 o

em@ue \|APE ~em@e==VAE

RMSE
W 19. &% F i (Adam+4? %5~ 30)

Bt B Adam Al 5 A 20 2 30 chREY
RKPT O ERHRFRAEEY F5 003 pFo A
MAPE 85 £ 7 "% 2 4% 2 g 1§ Y ¥ 0.04
2 0.05 % ¥l 0 # R MAPE % 0.7942 2
L1171 > iedcdpdgr ¥ 2§ { B2 %% o

BUCEES LR G ERPARCET A
4 REAREEA ) A S 30 pFI 10 A F
A @R 2 A5 4 MAPE-
MAE %2 RMSE = fé #-3]3% % 4 17 12 P A3
. Adadelta i B4 A5 7 i A 24
i e % o 4oF 202215220

¥ F e

41

FFIdYIN

VA
S

EFASINY

PRBEE $71=% $-% 11305
JOURNAL OF C.CIT., VOL. 53, NO. 1, MAY, 2024
DOI : 10.30188/JCCIT.202405 53(1).0003

ERMSprop EAdadelta =Adam

1.5

1

05 I 1H "

o BE THHum
0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0
03 04 05 06 07 08 1 2 3

= RMSprop 0.9 0.831.060.530.75 1.4 0.87 1.17 1.250.84
EAdadela 0 O O O O O O O 0.280.47
0.810.66 0.7 0.77 0.66 0.65 0.64 0.72 0.94 0.5

BE%

= Adam

B 20. it B MAPE = 45 1% - )

®RMSprop = Adadelta =Adam

0.0 0.0

0.0 0.0

0.0 0.0 0.

0.0 0.0
03 04 05 06 07 08 09 1 2 3

= RMSprop 2.181.72 2.84 1.442.122.72 2.16 3.13 2.61 1.84
= Adadelta 0.01 0.01 0.03 0.03 0.03 0.02 0.03 0.04 0.58 1.07
1.731.561.56 1.68 1.62 1.511.51 1.47 1.81 1.05

0,0

o

E Adam

BER

B 21. 7 F 1 % MAPE * #F)

5
B RMSprop HEAdadelta = Adam

a4

3

2 ] £ E .

1 = : ‘ H ]
H g g H ]
ERENERERE ] 1

E Haf Baf Haf 0.5 BaE B | H
0.00 0.00 0.00 0.00 0,00 0.00 0.00
3 4 s e 7 g o o001 0.03

= RMSprop 2.6432.1463.3311.8862.8513.0742.626 4 2.7452.062
= Adadelta 0.1140.1140.1610.1610.161 0.14 0.1610.1970.8861.531

= Adam 2.32 2.0862.1272.164 2.43 2.032 2.1 1.8462.2291.546

B 22. % F " ® RMSE ** ]



i

70 LSTM iR§F A S e B i fdp dade 1§ AR R

e A T OB A R B
PR R EFAIFRIEA AR # F A7
D RDREA] TP PE DB 2R
% #c - 11 MAPE #*iz ;}F] (4 MAPE & 3 ))
BL% > Adadelta i1~ Benl g & i > A B
HEA302 8% F0008F 5 A B iEes
I R BRI ek 2 0

%27 B Bk (2 MAPE 3 )

BiE MAPE B
Adam 0.6466
Adadelta 0.0025 ©
RMSprop 1.4016
G‘J‘J a—d fiﬁ_ ~ ‘;;pli 353 3' ;};—‘é‘ﬁg“@_
by AR ET
SEAFEIIFR B E L > 4 LSTM R H
ABIARE S N ERCFRFEEEIERE

SE PR IE R E A o 4B 23 0

Prediction

demand

week

%] 23. LSTM Bl 73| B

B {é f;]-y;]?x"d’ﬁ L\Fbﬁ"m‘*%j\ziﬁ
ARIMA 2 LSTM & #6 3 RIERI 2] #0055
5% » LSTM 03] 5% 50 # 5 ARIMA

—»/-l:o

3. WA h R Rk

#-3) MAPE MAE RMSE ik B
LSTM 0.0025 0.0195 0.1396 ©
ARIMA 0.4420 6.4205 0.5954

I~ 583

-§+\?

ﬂ\p;i*g?—; b xﬁfi}ﬁ-%%;? A%, d F
‘L%’?Iﬁ.‘@w LSTM #A 8 ¥ PN /zf“' 13

B d R TR T AR A

TR RS B R S g SRR
“ﬁ&%z%%ﬁﬁﬂﬁiﬁw%é
ARIMA %2 LSTM £ 8 > 12 MAPE~MAE %
RMSE % = f:= G dp i s 03 B 5 chik g
LI et il 41 ¥ Sk LSTM FAEE Y
,Tﬁ.ﬁ 2 Bt 3 5L ARIMA P R 71 2 52 o et
» @t LSTM #C3] » &% b Ag $8(R 1 F -
AHEAZEY I )he b RS EFREE
AP TR a AW g2 B F AR
FEEA R ﬁ‘”*ﬁ #Bifﬁﬁilif’ oo ]*

BitiEir A N E S ELE VTS Bt
2 'mﬁm,mp Hﬁ?" °

AR D E LST R E Y AT
RAGPEEFRLG I FLT AT
YU IR R A KR 2 1\ i AT A
511%.#&?E5E'J§’?é%“éi~ 7 AR e T

iféiié_%ié'\“fsfﬁﬁ“%%é?b? LR )
}ig /ﬁﬂ PERY 2 ’]{#- J—E‘%’?—ﬁ - R /'I'fi
FALRIBCR] 7 42 12 80 kL iy o

R R P
BB R - K e
:.:fu’ﬁ?:\ﬂ - E N EREEY FE 2

%Hfa*d g% B (CNN)~ L4l g B (RNN)
2O A s et (LSTM) £, PREL T
At ”?*Pﬂ&%mﬁ”?ﬁﬁ’lf

AA KT T PEF) T o iz 737
[R5 - NP 4
BT EE R APIERE S RS
Sz p -

jﬂi

[1] %z “FEALPTR ARG E
K }_%ﬂﬁ"gi"" HB)” o s GG
T % 528 % 248 % 68-81 F 02018~
[2] Choi, B., & Suh, J. H., “Forecasting Spare
Parts Demand of Military Aircraft:
Comparisons of Data Mining Techniques
and Managerial Features from the Case of
South Korea,” Sustainability, Vol. 12, No.
15, pp. 6045-6065, 2020.



[3] Wild, T., Best practice in inventory
management, Routledge, Chap. 2C, pp. 47-
59, 2017.

[4] Boylan, J. E. and Syntetos, A. A., “Spare
parts management: a review of forecasting
research and extensions,” IMA journal of
management mathematics, Vol. 21, No. 3,
pp. 227-237, 2010.

[5] Aburto, L., and Weber, R., “Improved supply
chain management based on hybrid demand
forecasts,” Applied Soft Computing, Vol. 7,
No. 1, pp. 136-144, 2007.

[6] FRae& H BB L FRIATEALIZT §
TR R 2O %2547 F 02021 -

[7] Bl ~%EF Firpgl®: RT3 &

F ol w AR 1Y 0 % 34-45 F > 2005 °

[8] Willemain, T. R., Smart, C. N., and Schwarz,
H. F., “A new approach to forecasting
intermittent demand for service parts
inventories,” International Journal of
forecasting, Vol. 20, No. 3, pp. 375-387,
2004.

[9] Mayer-Schonberger, V. and Cukier, K., Big
data: A revolution that will transform how
we live, work, and think, Houghton Mifflin
Harcourt, Chap. 1, pp. 1-20, 2013.

[10] Hua, Z. and Zhang, B., “A hybrid support
vector machines and logistic regression
approach for forecasting intermittent
demand of spare parts,” Applied
Mathematics and Computation, Vol. 181,
No. 2, pp. 1035-1048, 2006.

[11] Lindsey, M. and Pavur, R., “Prediction
intervals for future demand of existing
products with an observed demand of zero.
International ~ Journal of  Production
Economics, Vol. 119, No. 1, pp. 75-89, 2009.

[12] Pawar, N. and Tiple, B., “Analysis on
Machine Learning Algorithms and Neural
Networks for Demand Forecasting of Anti-
Aircraft Missile Spare Parts,” Proc. the 2019
International Conference on
Communication and Electronics Systems,
2019.

[13] Chen, F.-L. and Chen, Y.-C., “An
investigation of forecasting critical spare
parts requirement,” Proc. the 2009 WRI
world congress on computer science and
information engineering, Los Angeles, USA,
pp- 225-230, 20009.

[14] &£ > BER A SIA 45> 4T 6 W% -
% 12-20 F - 2013

et

PRBEE $71=% $-% 11305
JOURNAL OF C.C.ILT, VOL. 53, NO. 1, MAY, 2024
DOI : 10.30188/JCCIT.202405 53(1).0003

[15] Fan, C., Xiao, F. and Wang, S,
“Development of prediction models for
next-day building energy consumption and
peak power demand using data mining
techniques,” Applied Energy, Vol. 127, pp.
1-10,2014.

[16] Colladon, A. F., Guardabascio, B., and
Innarella, R., “Using social network and
semantic analysis to analyze online travel
forums and forecast tourism demand,”
Decision Support Systems, Vol. 123, pp.
113075, 2019.

[17] Li, W., Cao, J., Guan, J., Zhou, S., Liang, G.,
So, W. K., and Szczecinski, M., “A general
framework for unmet demand prediction in
on-demand transport services,” IEEE
Transactions on Intelligent Transportation
Systems, Vol. 20, No. 8, pp. 2820-2830,
2018.

[18] Cao, S., Hou, S., Yu, L., and Lu, J.,
“Predictive control based on occupant
behavior prediction for domestic hot water
system using data mining algorithm,”
Energy Science & Engineering, Vol. 7, No.
4, pp. 1214-1232, 2019.

[19] Van Nguyen, T., Zhou, L., Chong, A. Y. L.,
Li, B., and Pu, X., “Predicting customer
demand for remanufactured products: A
data-mining approach,” European Journal of
Operational Research, Vol. 281, No. 3, pp.
543-558, 2020.

[20] Sathishkumar, V., Park, J., and Cho, Y.,
“Using data mining techniques for bike
sharing demand prediction in metropolitan
city,” Computer Communications, Vol. 153,
pp. 353-366, 2020.

[21] Papanagnou, C. 1. and Matthews-Amune,
0., “Coping with demand volatility in retail
pharmacies with the aid of big data
exploration,” Computers & Operations
Research, Vol. 98, pp. 343-354, 2018.

[22] Jiang, S., Chin, K.-S., Wang, L., Qu, G., and
Tsui, K. L., “Modified genetic algorithm-
based feature selection combined with pre-
trained deep neural network for demand
forecasting 1in outpatient department,”
Expert systems with applications, Vol. 82,
pp- 216-230, 2017.

[23] Dombi, J., Jonas, T., and Toth, Z. E.,
“Modeling and long-term forecasting
demand in spare parts logistics businesses,”
International ~ Journal of  Production
Economics, Vol. 201, pp. 1-17, 2018.



PO oas
4 LSTM 4

i

B A S F AR

[24] Wang, C.-C., Chien, C.-H., and Trappey, A.
J. C., “On the Application of ARIMA and
LSTM to Predict Order Demand Based on
Short Lead Time and On-Time Delivery
Requirements,” Processes, Vol. 9, No. 7, pp.
1157, 2021.

[25] Dali, H. and Chengcheng, L., “Demand
forecast of equipment spare parts based on
EEMD-LSTM,” Proc. the 2021 6th
International Conference on Intelligent
Informatics and Biomedical Sciences, Oita,
Japan, pp. 230-234, 2021.

[26] Abbasimehr, H., Shabani, M., and Yousefi,
M., “An optimized model using LSTM
network  for demand  forecasting,”
Computers & industrial engineering, Vol.
143, pp. 106435, 2020.

[27] Siami-Namini, S., Tavakoli, N., and Namin,
A. S., “A comparison of ARIMA and LSTM
in forecasting time series,” Proc. IEEE
International Conference on Machine
Learning and Applications (ICMLA),
Florida, USA, pp. 1394-1401, 2018.

[28] LeCun, Y., Bengio, Y., and Hinton, G.,
“Deep learning,” Nature, Vol. 521, No. 7553,
pp. 436-444,2015.

[29] Hochreiter, S. and Schmidhuber, J., “Long
short-term memory,” Neural computation,
Vol. 9, No. 8, pp. 1735-1780, 1997.

[30] Greff, K., Srivastava, R. K., Koutnik, J.,
Steunebrink, B. R., and Schmidhuber, J.,
“LSTM: A search space odyssey,” IEEE
transactions on neural networks and learning
systems, Vol. 28, No. 10, pp. 2222-2232,
2016.

[31] Ribeiro, A. M. N., do Carmo, P. R. X,
Rodrigues, 1. R., Sadok, D., Lynn, T., and

Endo, P. T., “Short-Term Firm-Level
Energy-Consumption  Forecasting  for
Energy-Intensive Manufacturing: A

Comparison of Machine Learning and Deep
Learning Models,” Algorithms, Vol. 13, No.
11, pp. 274, 2020.

[32] Day, M.-Y. and Lin, Y.-D., “Deep learning
for sentiment analysis on google play
consumer review,” Proc. IEEE international
conference on information reuse and
integration (IRI), San Diego, USA, pp. 382-
388, 2017.

[33] Kobayashi, T., “SCW-SGD: Stochastically
Confidence-Weighted SGD,” Proc. IEEE
International ~ Conference on  Image
Processing (ICIP), Abu Dhabi, United Arab

44

Emirates, pp. 1746-1750, 2020.

[34] Zhang, Z., “Improved adam optimizer for
deep neural networks,” Proc. IEEE/ACM
26th International Symposium on Quality of
Service (IWQoS), Banff, Canada, pp. 1-2,
2018.

[35] Tieleman, T. and Hinton, G., “Lecture 6.5-
rmsprop: Divide the Gradient by a Running
Average of Its Recent Magnitude,”
COURSERA: Neural Networks for Machine
Learning, Vol.4, pp. 26-31, 2012.

[36] Wu, H. and Gu, X., “Towards dropout
training for convolutional neural networks,”
Neural Networks, Vol. 71, pp. 1-10, 2015.

[37] Li, Z., Gong, B., and Yang, T., “Improved
dropout for shallow and deep learning,”
Advances in neural information processing
systems, Vol. 29, pp. 2523-2531, 2016.

[38] Ren, G., Cao, Y., Wen, S., Huang, T., and
Zeng, 7., “A modified Elman neural network
with a new learning rate scheme,”
Neurocomputing, Vol. 286, pp. 11-18, 2018.

[39] Wang, S., Wang, X., Wang, S., and Wang, D.,
“Bi-directional long short-term memory
method based on attention mechanism and
rolling update for short-term load
forecasting,” International Journal of
Electrical Power & Energy Systems, Vol.
109, pp. 470-479, 2019.

[40] Lu, X., Ma, C., and Qiao, Y., “Short-term
demand forecasting for online car-hailing
using ConvLSTM networks,” Physica A:
Statistical Mechanics and its Applications,
Vol. 570, pp. 125838, 2021.



