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[}
[}
I
L}
1
#Z h0S #RhOS v | se7susEnnar || || 347505 k27
1
1
1
I
[}
1
1
I
1
[}
L}
1

¥i24—/{— (Hardware) 2+ —/{— (Hardware)

B 2.6: B~ > (VM) & a > 7 FHdfi (Docker) D7 —F 7 7 F v ik

AVISANZVF v AVTHEMEY—NL R
BRI E X UARRREDEICIX, Docker & Google Cloud Run Z#H L 7-.

o VT Hil1 (Docker) IC& BEREDHRIL
Docker l&, 77V —>aye ZORERGR (54770, OSERERY) & av
TH1 EWS By =T eI TH S (KED) . ZAUT KD, TREED
PC TIXENWD, RFEY — NN—=TIEEHDR WV Vo LEREARIGER 3 2 &%
BEFRT & 5. ARWFFETIX, Frontend, Backend, Database & ZHi2fia > 7FH1{kL,
docker-compose ZHHWTA -7 AL —2 a3 V%175 28T, HEREOHEENZ
HRELTWS.

o Y—NLRX7—F%F72IF¥ (Cloud Run)

Google Cloud Run &, 2> 7F 2 ¥ —N—LXATHEITTEZRETDH 5. 1ERDNK
H<>Y (VM) ARTIE, 77 RADPRVERSRA 7S =X THo>THH—N—
PHENEHIEZ2XERH D, HEFa A MBI ATV, F LT Cloud Run X, Y
IR MPFRELLBBOAa Y 7 Z2EE L, WHEE T IIUNMFIET S TR7—
FURY BREWEREARE TS, ZAUTED, VX MG U ERREDEH X
N, A7>—A0DI7 =7 aRMRIFEXIMZ S I e AREL kb, ZOFF
PR, FEMEDMD TEY TRZLAL DT 2 WS 77V r—> a Y ONHEICEE
LTW53.

ERE 7Ot XDBEME . GitHub Actions IZ& % CI/CD

AHFED K 5 IRMENFIFHED 2 W/ NIEBIFIC BN T, BT A 7 r2mdbL, 2o
BERERT 270120E, FERCLD ARV = a v BHRT 20BN H D, R RAT LT
\&, GitHub Actions [13] Z H\ 7z CI/CD (Continuous Integration / Continuous Delivery)
RAT T4 L.
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Cl: &M~ 7/ L—>a> CD: @RI 704

GitHub Actions GitHub Actions
((+]] (CD)
O = O [ ]
r—ia i it
Build & Test Deploy w
Eﬁ GitHubY i/ k1) (EILF&FAR) Artifact Registry (¥7a) Cloud Run Service
God—F Artifact Registry Cloud Runt—t£'Z
GCP GCP

2.7: GitHub Actions {Z & % CI/CD %4 75 4 ~

o ftIHIT>TIL—>3 > (CI)
V—2a—RKNRGitHub DV RS VI Ty ¥ ad =& A4 I 27T, Go DERIENT
v —)b (Linter) BXUBIKT X M HEIINIZFEITEINS., 2V =T —F77F %
WKEoTrIy IRTEEINTWEYD, T—EX—2AHFErETy 7 () L5
HRT A NDBARETH D, NTOBRHAKRIZHFEG LTV

o MEAYT ) /N1 — (CD)
TRANEBEBEL, main 77 Y FAT—I INa— FE, HEIMIZ Docker 4 X —
LT REhbE. S A X =13 Google Artifact Registry N& 7'y > a
I, WAEHNZ Cloud Run LOAREFREAT Funf ah s (Ke) .

COHFMLICED, REAAL DS —AHD XS —%NESE SR T TDH, LB
NTMEEE T2 ORRII L —F —NJFIT S Z EDA[REL 2o /=,

—RANR—2X . BaaS O;&H

7 — X DKHALIZIE, Supabase (PostgreSQL) [14] ZHH L7z, 23U, SEFEHZ R
T\ BaaS (Backend as a Service) D—FTH 3.

FERIRFEBEIC B W T, #F (Post) & Z3UTx 5 23R1(E (Reply) , H2WIV 77> 3
M (Reactlon) Z Wolz T —&I%, MEIHWEEEZED. 2o X5 gk niz7—
REFER S EHT 57291201, NoSQL TldZl, MERAF—<ERO2) L —Y a3t
T —&ZRX—Z (RDB) 235 L CT\W53. Supabase DL 5~ —Y N —EXZFHT 2 Z
ET, X2V T4 R FOHEARNY 77 v TOEHE Wo /A V7 FE X b 2Hl
WL, 77V r—raryouyy ZEBECHEER L Vo ARERNRFREENCTE T 5
ZEeMAlEEE o 7.
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HWWFE CRRIT—X 0

KRETIE, REAVA DT EE TG 27D L EHEEE Tk, KRAT—
RS 272D DGR E RICOWTIARN S, KRFEK TR, [RFEMHECAME VW%
ZRT7T -2 oEZ PRS2 EEHEL LTEsMbL, A7 —X 7 1 ¥ ZTRERD—
FECTH % Light GBM ZfRH L7z, %7z, IKHERZIER 227 — X DRt 2 & & L 72 AiilL
B FHliTFEICOWT h R T 5.

§ 3.1 HET—XAT1VJREAKRL Light GBM
RERDRET BT IVEE

ARIFFETH S 77— &%, <@, BE, Atz Vo BET — 2B RE N TR I N
BLT—XTH5. ZOEIBRT—RZHLTEVWTHKEEZRTFEL LT, REKRIZ
BEOWT7 vy IVEBERLNT NS,

REAR (Decision Tree) 1%, 7 —XOFHEEIIH LT [ 2MMELL LR 20D
ST ZREDIRL, 72202 VEAGET 2FETH 2. H—ORERIZ, #HE
DIFRMDBBEZG TH 5 L WO ZFFO—HT, ¥EH 7T -2 U CGEFNSES S 5 [H#EY
# (Overfitting) | ZEZILLTWVE WS HEDDH 5.

CDIEE R T 272 DICHWOEN DN T % > 7N ¥E (Ensemble Learning) T®H
5. T YINEERLR, RO (55FEE) tHAEDES LT, BH—0DE
TUEDBEWIHELE THBEZER T2 FETHS. RRWRT e —F121F, B
DERZ WMHNFE I ZHIRPE IS [ AF 27 (Bagging) | &, ETLVEZERX
N X8, fIDETFTNLDFEERDETADGMES 7 —2F 4 > (Boosting) | 73D
% [IH].

[T —RT 1 VU REAR (GBDT)

B 7 — 2T 4 ¥ ZPEAR (Gradient Boosting Decision Tree: GBDT) &, 7 — &7 4
YT OFERRCTBIBEREE T LT XL THS. GBDT T, BRHNSIER L 72k
ERDTHFRZE (K2 ZEHAL, ZOREZTHT2 X512 O0HDORERZIENKT 5.
EHIT, ZOTHREROMREL 3 OHOWEARDTHIT S, W5 FTub X2 hikT.

BEANZE, ERBEEL (Loss Function) ZEFK L, ZDHEL (Gradient) 12> TiRzE
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¥4 (Bagging) - WHILE & | | | #=25 4% (Boosting) - BRLE & WS |
S8 F—4 (Training Data) | _ $EF—% (Training Data)
e, om0 L ] L @ L @ o, om®e L] @ L e g
a‘;O: %‘3: oum ;.QA@‘@ °n ‘2% @*.0: @;‘f: o.m :.@m ‘”‘@ o o MES
§ § 3 | eEREIEAES
[ 47ewyr1 | [ 97Evb2z | [ 97tvhs S L [een@e |
£ ol @@&.A®
eem®e eom®e |eom®e R L !
etem®, e'em®,® |otgmo,® 71 N MEFEL EHER
. \ (B2 r @ene
A T S (%"
| £ [ 5 £ » ‘ =72 g
) \iada [CLTLY (FeEs) |’ ?\ﬁ
EFN E7IL2 ETI3 =
(BEES) (BEEE) (BEEE) ‘ b i Lh& )
) i e - EFLO
| ##) (Aggregation) | | | IB%#) (Weighted Aggregation) E#
T emrws MESHER/ NAPE
¥
RETH BTN |
WL EFILOWHEE | _ FOEFILOBEERSEREE

X 3.1: 7oV INEBICBIIEZNANT VT T — AT 4 VT DEWN

PE/MET 2 X5 RARZEBIILTW ks HET—2F7 4 27 LMIEN%.
R THNEE, (EREN 2T RTOPERD FHHEIZFEHE (Learning Rate) ZHHF
BhRLbODEME 5. ZuckD, [HxDORERIEMEETLTH->TDH, 2K
& U CIERICEMRIFEREREZ RIS 2 Z e 230lRE L 12 5 [16).

GBDT o#EM&E{ Ot X

GBDT &, HHBE 2 F/MET 2 7-DI2hiEE TV (Additive Model) DJERTHE %
75, Bt cBI2PHEE ¢ v 322, ZHUIRTBEECOTIME 5 Y 1B Ak
ER filx) ZMZ 72D LTUTD XS ICRINS.

9 =9V + fila) (3.1)

ZOrE, B/MEERXENBEE Obj® 1%, HERE L L EFLOEMX 2IZ 3 1EH|
BIE Q ZFHOWTU RO XD ICERINS.

Obj® = 5" Liys gV + fulw:) + Q) (3.2)
i=1
Z ZTC, LightGBM Z&¥eitfXf)7 GBDT 743 X A TlX, 185 %E BHED T HIE

yi(t‘” DREDT2RDT A 7 —EB (Taylor Expansion) 12X o> TR L, &iE(LZ%b
LTW5.

Obj = 3 IL(y:, 9 ) + aufilei) + %hz-ft(fcz-f] +Q(f1) (3.3)

72720, ¢ BEU b BENFIUEREED 1 X5 (AL : Gradient) 38 X 82 X5
(NT7 ¥ Hessian) THH, IFDXHITERSINS.
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Level-wiseFi% (H£3RDGBDT) Leaf-wiseFiE (LightGBM)
- RETEDBEENE - REHREXR/ — R OEESE

f“";mﬁ @Y E

.
/.\' ]
...‘\vr

@ O O

............. J ) / (2 i
£ X s‘_.\ —l’ %;5:
F e { \ 8 [ j
O U U
ITARTD/—FERE T EICIREICHE. BXBESORLDIRAD/—FEEATHEL
NS ZADRN TR R EL PrINZy ABADER.
5 BEHULIE WA, B FEDEFELRERLLYTLL,

FEUEHIMEWNEEHH S, BEEVZIBD (max_depthFlIfRHEE) .

3.2: Level-wise F1E ¥ Leaf-wise F1ED LB

. OL(y:, it ") , 0L Ly 9 Y)
ooty oY)

CD276EEUT &Y, EEOERBEBITH U TH—R Bt FEzEH S 2 2 &3]
REL 72D, ARWIFED & 5 e B ZR DG EIFHEIC BN T D EWERIE 2 F#E T 5.

(3.4)

Light GBM D4 & BAtd

ARFZETIE, GBDT @FE%Hy LT, Microsoft 112 & o THAFE X417 Light GBM % %/
L7-. LightGBM %, kD XGBoost 72 ¥ d GBDT FEE: v i LT, UFOFIz &b,
KR 7 — 22y ML THE#E» O EFEERFENTEETDH 5.

Leaf-wise (Best-first) 53l

PERD GBDT 1%, ERDEXZLIZTARNTD ./ — F%E5ET 2 ILevel-
wise| FIEZFEHAL TV, ZAUX L Light GBM X, EEEBOBA 2K b
K&EL 22— RERATHET 2 Leaf-wise] FEEZHEALTVWS (NBE2Z
). sk, L/ — FEDES, Level-wise & b %8 F— X DELE
INSSMMZ B Z e TE, FHKEENA ET2EAND 5. 72720, REHEL
BROTELZZ e TRFEEZRITVRIBD L5720, KROEEX (max_depth) I
HIRZFT 2 Z e BNEE L 3 [11).

EXNTSLR=ZDT7ILIV X L

Light GBM i%, HEHEOREEL N7 v b (BY) HEL, eX NI A4
LU TS, kb, DEROEREFEREIKEICHIRE A, XEVEH
HOMBRLEINE., JRBT—FD XD BRHEHEIZVWAHEDO T —& Ly M
BWT, ZORMHREERHOEMIKELSFET 5.
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t=0 (BASA) t=T (&7)

- sin{2nt/T)

0.5

0.0
N
-1.0 Aipt

0 738 14.76 22.15 29.53

t=3T/4
10 cos(2nt/T)

05
0.0
0.5
-1.0

: . Bt
0 738 14.76 22.15 29.53
X 3.3: =ABEEEHW-EN T — 2 DORHK

§ 3.2 RRINT—HDRIENIEFE

BRI T — 2 DY & 5RE

KRR THRD 77— 21, HILDXRRFMFREHRTETH D, KEORE L & & IBIH
St TRERIIT— %) TH D, —fREEIHFAE DT — &ty b 3R D, KRIIT—
LA T ORED D 5.

1. BENGIEFRYE: 7— X OEFICE®RL DD, Yy 7T 25T EHTERL.

2. H24#8B8 (Autocorrelation) : FEHDOENS HDEICHEEZ 5 2 3 2 \\Wo Tz, KifE
M2 AEBARDTFEETS 5.

3. FIHAME (Seasonality) : R &Z LA I OBIFIZBICERT 2 & o LFHitER, @Y
D & 5 REAN I EE 2 .

INSORMEETNMCIEL FHXE 22012, BYREEEL =7 ) 7 (&
BOMT) BRAEARRIRTH 5. FHIAFIE T, AN 2IEROBIEL) ¢ HREDIE
WOWEH) ICHESZE W,

BERNS#MEo T d—571 Y

R HMMCET 27 —% (H, H, K, AlzY) 1, ZoxsHEr LTk &
MENEC25E80H 5. iz, R T0RE) 220 23K ZCTHEAET 2D, BiEL
LTo o) & 23] BRELHNATHE. LaL, BHEORBIEE T, 23KFD 1 RR%
FORFTH D, mHFITERL T3,

D&, Bl bR/ EREOERED T LTV 2B R R T 272012, &K
W TIE =AM (34 > -av 1Y) EHVEERANTZ Y 2—7 4 > 2 (Cyclical Encoding)
RPEALL. BT 2ROZt e LT, UToEH RTS8 T, 7—XEHNHLE
DEEFE (Tain, Teos) & L THRIT 5 [I].
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27t
sin — i 3.5
T sm( T ) (3.5)

2mt
cos — 3.6
T COS( T > (3.6)

Bz, AfEs (295 HEHD) OFE, T =29.53 £ LTEHEEITS. Zhuckb, A
HADIRE D KO D PR ETHER SN, M EE T A0 EEEZEL {GRMTE 3 X
1272 5.

5 TRYBOEA

RERIITHNCEBNT, @BEOHBPEIXI K2 THlT 2 700K b AR ERFEDO—DT
b, 22T, 7 7FHE (Lag Features) | Z1EL, ETLVDANT—XIZEML 7.
SRR X, Kt OFHZITORC, KA t—1 QA HRD t—2 QHH) OF—
REHAEEE LTHHT25DTH 5.

AWFFETIE, BHOKRTMT — X720 TR, BEHHEORE, E&E, BL0#EE
DEBTRERNZ Z 7FEEE U THAAAR. 2Tk, =70 TETHICER &
Mo 72E, BHIZHRIPEELL TV tWwol, KRR Z KRR ER 2 EE T
5 Z EHAREL 7 B (1.

FFRFIRZZEIREE (Time Series Cross-Validation)

Mt T LV OMEREZ FEM S 20, BEIZT — X% 7 VXL ET 5 TK 7EIRR M
it (K-Fold Cross-Validation) | 23fHWSN 5. L L, RERIIT—XIIH LT VR L%
FEEITOE, [RROT =& Z2HoTaEREZTHT 21 WKW (V=5 —  Leakage)
PRERAELTLES. AT, EROERHRE CRROTHD I35z 2 RT3 2
ZlZhkh, EFVOMRER BT S 2 ERED D 5.

ZOMEZ BT 27280, RWFETIE TRRVIZZMEE (Time Series Split) | ZHRH L 7.
g, AT —&2 &7 A b7 —XOREINZIERF Z5F D R OMEEZ(T S FETH 5. B
HEINZE, HEREETOT—2%ZilfHE L, ZOEZRDT—2%Z 7 A MHE T 5. WGk
MitEde Z 12T — X DA Z 455k L (Walk-Forward Validation) , #1i2 H#EED 7 —
XTHEL, RROTF—42%2TT 25 B2HFFd s (Kazi) .

ZOFEZHWSE Z T, EHEAKFAROFEH T TETAVONLMEREZ IE L < FHfi3
5 eHHREL 725 [P0,
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BRI (Time) —

" BRI (Time) —» BRI — 2Rk
= TP D
Fold 1 [ETECe
iR —4 FRAKTF=4
Fold 2 (Train Data) (Test Data) EFI)
{3213
g —4 FART—4 T

Fold 3

(Train Data)

il —%
(Train Data)

Fold 4

(Test Data)

F2h7—%5 E

(Test Data)

3.4: KRN T — R 2 B8 L - S MGLE D A A

§ 3.3 ETILOFHMISIE L EIFFIE
SHEEIE D ES

MR L - TR 7L OMRE L ERINCEHES 2 72912, RIFFETIEILITD 3 20EiE%
BHALE 2. 22T, n 3728, v 3i HEHOT—XOEWHE, 7 ZET ML
THHE, § 3EAEOEEZERT.

REFRE (R? Score)

RERENL, ETADT—KXOZHZ ENRTHHTE TV E02RIEETHD, 118k
WEEETREDDPRWI 27T, HIRETFT VORI Z IR T 2 7DICHW 5.

2 4 Z?:l(yi —0)°
LR S o (3.7)

Ti5iextiiZE (MAE: Mean Absolute Error)

MAE 3, FHIEE EEDE G5 O@IHEDTETH 5. SUEOHEE R <,
ABED K E X B BRI LR T WS BB .

1< .
MAE:EE:wfqm (3.8)
=1

“EFIPFELIRRE (RMSE: Root Mean Squared Error)

RMSE 1, #ZE%* "L TCHEIL, ZO¥ARE L >%bDTHS. ZFR I HZEITL-
T, MAE XD RERPTZICHLTRFINAVT 4 ZREL EZ 28 ME083H 5. REZALALHD
GERFTFHNCB VT, ZRABRRKERSE BEX) PEEOHEZKREIMAE RN n
HETH270, ZOHEEDHHETEHMEICHWS.
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NAIN—INFRA—2{RHH JUyFY—FHREEIOLR B
(Grid Search Process: 58 & 71f)

NIA-2DiEBEhE

S — ( IRET wa)
b —— . —
127 b----- @ Q- @—» _’337 _’
5 E' E' 8 & A i
P O RN
g ; i i smr-g TFLem | A el
| Y W t l P 8= Ban Bietn
g Bl — ) | | e
3 : i ]
£ : : : @ - @ : : ey
: : : Wb — % ﬁgﬁz:? . . FRETIL
_____ (R?/RMSE)
Bl —— i
: ; : 37 a7
0.01 0.05 01
“learning_rate”
3.5: NA =0T X — RRFEL OB
1 n
RMSE = , | ~ > (yi — i) (3.9)
i=1

NTIN—=INFA—ZDREL

Light GBM Z LA £ 71X, FEICX->TTF—2 25 HEINCRES NS 103
TRX =& 23N, NBEDHOPUDRET 2HEDNDH L [N =0T X =& | D7
ETD., EBRAAR=RFGX—=RIIZWBLULTFDE 500D 5.

e num_leaves: RERDEDRAI. ETNLVOEMXEZHIHEL, KExFT3LREN
W ERBPEFEE LT RS,

e max_depth: ERDIEZ DHIFR.

e learning rate: FEHHE, /NI WIFEFHEPEBIEARBED LD TV, 5HHE
IRFE 2302202 % .

e n_estimators: 1E3 2 IRERDIEL.

INHDHEIFT —XOWEIZ X > TRERMAAGOEDNELR L. FEY)RANL =15
A =REFET DL, T —2IFHEELTHRMO T —XIZIEHEAE Ly ey
(Overfitting) 1 %, FEARBICE S [R¥E (Underfitting) ] 25 ZEZTHE L 12 5.

ARIFFETIE, REBRANAAN=NRTRX=RXDAEGDOEEZRRT 72D 7)Y v K4 —
F (Grid Search) | W=, 7V vy R —F 21X, FAELI-WART X —XDBEHELZ D 5
PUDWVWLODPREL, ZOIRTOMAEGHLEICOWVWTETNDOE LMl (RTADRE
RINZEMGE) 2175 FiETH 2. BHROME, DMAERA a7 (R TIE R? 721
RMSE) D3R o787 X =2 DfAGOEZTRAL, BN RTHlE TV E#ET 5 [22).
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HHEEEEICLZETILOER

MR I NI FE T D, YO L5 BIBUCESWTEZ LA hDOHEITEE TH
LTWErZHLMICTEZ2iE, FPHKREOHR L AFICERTHS. FHIARIFLTH
W3 LightGBM D Xk 57 V4> TV FEEEF ML, BREOEMELRZHERZRZ 5h
52— T, O Ta A REH (779 7Ry 7 X) IZRHPTWV. £ TR T
i, ET VAR TORRHEDHFSEZERILT 5 MHEEEE (Feature Importance) |
RN FIEE LTEAT 3.

Light GBM IZ B 2 EHEEOHEHI2E, FiZ ISplit (KEEE) ) ¥ TGain (FfF) ] @
2 DDAV LS.

1. Split "R—XADEEE
b5FE v B, BREARDOH T/ — FORENFHINIZMEBTHS. 23,
ZFOERB N THEHWREE Y L CGREN2E2RTHEIETHD, TFLOH
WG 72 2 E MR AT 5 O E e 2 FHE S 2 OIZ#E LTV 3

splzt xj Z Z ]I Ufeat - x] (310)

k=1 veN}

ZTC, T B INTPERDBE, N &k FHORDIEE ) — FES, 1(-) 135
##ﬁ@t%ul%L?h?%ﬁf%a

2. Gain R—XADEEE

HEFHE v K 20ED, 2—F v b (BRITER) OTHRREZ AL TR S8

ThDOERHETH 5. ZHUITHRBEANOERENZFEEZERT. /—F o8BV T

Fig G X, At g e~ 7Y hy ZHOTUTNOBAKXTERERINS.

Gzl (Xicr 9)° i (XCicr9i)’ _ (Xican 90)° _
2 ZieL hi + A ZieR hi + A ZiEall hi + A

ABIFETIX, ZHEZRRRARSEN (AR, EE, HnE) omhr s, 7R FHIORIC
(DR Z iR b RN ZCHMEEE LTZH LD ZIHL2ICT 578, Split X—X
ODEELZ T LTHRHTS. 2k D, FFEDODFRHF FTOAM WFTIERL, ¥—
XY B U THRT THOREZ 2 T XN ERZRET 2 Z 2[R L 72 5.

(3.11)
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REF

ARETIE, 5 3ETHAXNLRERINEN B X O E ORI ERICE D X, AFFEIIBY
THELE TREZVA D ERIT TS AT 4 OEERWREEFIRIZOWTEHELAT S, K
AT A, IEEELT -2 THLERROOaI2ERILT 2T — A~ A =V T 72—
X, LightGBM ZH W THIETWEE Y7 = — X, BIXUTFHRREP Y Fa—% -1
32 Web 7 PV —avERE T — XD IR TCHREINS. TR, £72—12H
U B EAMTEE OIRIL & EEDFFEHICOWTERL 5.

§4.1 T—Hty MERCEHEIOZTUVY

WA E T VO THRNREE X, AT —Z0E L BICHIIKET 5. FHICAIZFEOHE
THBHRENA DDHEBUTHRIX, BRWREH T — X PFEL RV, FEEOEWVWIE
fRo L (BT —&) ZHEICERT 2 ZEARADFEL 125, RETIE, HEHEYE
ETNDANE B DFEEDERICOVWTIAERS. BEARKIIZIE, 2AHANRIERRE T — X O
A7rt2 (KeEasfR) v, EMMida I ER» 5 E'NREE 2B T 2 Fikico
WTihR 3.

OJI57—2DOWNECrER AIICK D EEZ1L

AMZETIE, BILEORZNLAL HBFROBTT 777 PRARX VX —ReikoTWbil
BIERRY A & TR &2 A ARty (23] 2EHRIEE LTERA L. ZoERRIcE, B
iz Wiz —F =5 U 7 XA LARHBUROEZ S ERREIhTnb.

RAIOLAEVTICE BT —RRE L TDER

Python DA Z LAY 754 75V ERHWTRERY A FoEEa Z72EE Lz, SR
X 2015 4B 5 2025 FEFTDO 10E/ME L, KRRV A DDEFES — XV THEEE2HANS5
HOTF—=RIZRE L. BB, RZVA Y TDEMMIDI>TIX, NRYA FDY—N—
Bz R/ NMRICIZ 5270, V7 X M TR R 2 3% 5 (Polite Scraping) &
EHIZ, B L7z HTML 7 — 20 6 R 2 MR EREL, MR TFA M T —XDA
PR T2 7L 0O R EE L. ZOFEE, 1220 HOWKHY T 38T — & BT —
ZR—=2F 2 Z LIl L 7.
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ATLAEVY & N
Q FLYTYY é @ &
{Python) : =

R IA DIBTIR EFFAT—H ART #HoAPI FIEW
(A3=H) (FEHELL) (ART—5) (L - #05Y) (Al |
. Gemini API (LLM)
o e - Ay TFA LRSS F_SWE - )i—R
— i SR M
T T EMEL |
i — B (0
" BiEraR
B Y (1R, BR, AR
(FHSER )
BIEM (y) : F-RE |4
EHSETR (Bfix—) |¥

X 4.1: T—RINENLST—XLy MERETONM 70—

Gemini APIZAWEaYTF X METEHEL

WELZOaI7—2FAAREE OMgEt7—%) THD, ZOF FTIEIEMAEE D
¥EPTF-Ze LTHHTERV. fEROFELE LT FEDHEE (] : I Al THO
720) OHBBHEZHZ 2] CWVWokF—U— v F Y IBHFETZD, XREHEETE
W7, THEHIEE W) Vo 7B EBEOHE R, T N2 034 Aldvnizwn] Enwoiz
WE TR T DV RIDD o 7.

Z DIEE RIS B 728, RIFFETIE Google D K EFEE T/ (LLM) T % Gemini
API [24] 238 A L, SHREBYT - X872 BEEMCE, UToLr— L EREED
Ty NEEL, ETXA M TO0ATIVIIHELT.

1. FEIL-NLeTaNE2I 2T

Tary 7 MiE, UNOHEREZIE L, /A XOBREEZHEL 7.

o UTINEA LMD TFEH) ol THIRITHR Lo Zkilhhia %
255, ZORRORNTIER WD TRFEAHT & LTIV T 5.

o EENLGHBBHROENL: 'N0Zx) % THORERM T bRy,
RENVA F BEROREDB NG ER TR & LTRSS 5.

2. BEERBD 5 BENTE

Bxhie) 7R A NERE HIWT X NZREICOWTE, FORBANEICED
X, BEREEPUTOSERMEOATIVITHELT-.

BL RENA AP BIERINTORVIKRE (F—7—F 12 0vRwy, HiE

BT, 0PC) .

DEW OILREBPBRINERE (F—T—F 55135, RYKY, L
~10 VEFEfE) .

TE PR BDOERINRE (F— U —FR 2222, ¥HFH, 10~50
VCFEFE) .
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ZW D) OEIBIRINZIRE (F—T— R 72K XA, 50~100 PLfefE, %
CRBND).

FEFICZWV BHICKEDOBDIBRINIRE (F—V—F  BEX, EORA
Bpdien, 100 e b, FaHAAT) |

AREFHC L BERINILDESR

ALICE o TN G T3V (RL~IEFIIZW) &2, ioldiczhzi 0
Mo 4 FTOBKMEICY Yy Y7 L (TR TR &7 =20 55450 . 20,
F—HNOEMNRTF—XZ2EH L, ZoXa70VPEEZER T2 T, ZOHD MF
HEFFE (avg.amount) | ZEFR L. FIZIX, H2HIC THEFEIZZW @) & @
(2) 1 DWEDRD->7-5E, TOHDIEEIZ 3.0 k2. ZOXSIHEGHEE LTHKS 2k
T, 021D fHZHE LD Dl BAE TG 2AEE L 72 - 7z,

RIST — 2 DINE LG NIE

HZEBTH 258 TRICHNL, THIOFHE»D & 20HEH FEE X) 1, &%
EHER N ER OG0 S INERZITo 2. TABERHMNEF— L TH—DF—
27 —LIHEEEIN 3.

e ART—R: KRFTD MBEROLKRT—X - Xvru—F) ¥4 b 6] &b, FLE
NOMFBIHAICB T 2BER 10 FE7OT —X2WF L. CSVIERXTRMEN S
T—REN—RAL, RN, iR, FoKE, EE, BEOSHEE 2 Uk,

o B - BIYT—%: WY APL [26] 2 AIHI L, EBLERREOEROHEM T — X35 L OH
DM CKHE - ] - /Nl - Rl - H5W#) ZHUS L.

e XXT—% (A#f) : HOMibRIFIKENAL HDIENE CUlcEE 2HH) K&

BT 579, Python DRXF#E74 77V ZHWT, FHMNOEFRFICET 5
HinZstEIC X DEH L 7.

BEEaT Y -7 VT D

I LA DRERSF— &2zt L, #HI3IZE T TFEE 2 TREMEMREE) 2
TIONCHYNCFEE X572, GERMMEET =7V 72 /L7

AEYFHEEDIEDHIAAH (Cyclical Encoding)

RN CBEE S 2 2% (B, H, KR, A &, RARRKOEEZFS. HlzxiX, A
W34y 205 HEHACEER L TE D, Al 295 BO A EY) L HERO GrA) 13,
BUERNZIERZ BN T WA 2, R L LTCRIFIER—TH 2. ZOREGELEZBEHET 3
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728, A T 2HoZ8 t 2, LUTFORIT XD sin, cos D 2 RICHEEICEHL L TETF LI

AJT L7,
. 2t B 2mt
Tsin = SIn (T) , Teos = COS ( T ) (4.1)

ZAuc kb, = THAMT)  TEAME) 2 wo 2@ 22 — > o Fa Ll
o, N7 PR EOEREY ULTIEL K RERrIREL 72 5.

R - BEFT—2DOEHN

RENVA B DEEFIEEICER R (22:00~F4:00) 1IZHETS. Liz2oT, Hid TH
AR e THAREKE] T, BEIOFT -2/ 4 Xk, HROEERY /')
AN TUESA[REND D 5. 2 T TAIMSETIE, 1 HZLLNOREFIZHHEIL, £h
ZhofistE CFF - &k - /) ZEH LU TREEIGEML 7.

o BERI®XS: 10-13 HF, 14-17[F, 18-21 K¢, 22-0 FF, 1-4 FF

e EEYAIEH: Xn UKRZFOREHERL LT, BkE (BEEITREDKRNE
HWe L0, Euf - J&m (ERRoFRERR L L)

FACEWCEE LT, G2 TR EMAEETH 5729, WP (u-component) & 7
dbA%sr (v-component) 12N FLofREL THE X B 7=,

SURBEICLZ LY FOEE

RERAITHNC BT, @EOBIEIZFSRZ PRI 2N BKEF %5, RETFT LTI,
Mo Z 7% & (Lag Features) %R L 7-.

o IBEDTR - #Y: 1 HAl, 2 HEOME. Zhuck b EHHEID SFRRBFNTWR
DR H] Vo XURZERZ 5.

o BEDEHMZEE: 1 Hii, 2 HETOHRITHAER, BXUER 3 HEOBEIEEIE. o
kD, T—ERET 2 e HHEMLS ) H230E TREREDORBHIZES) tWwol
HOMBERNZ ML Y REETLICFEEXES.

§ 4.2 FHETFTIOEBEIOELX

MR L7 —&Xty hEHWV, LightGBM IZ X 2 ERETFTLVEMEEL -, RETIX, 2
7 — XD EEREE, NA =85 X— XD, BXOFEERICHENT H#im 1 75
4 Y OFFHTOWTHRR S (KEI) .
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1. 27—t v MUE (1220845, FRIIR) 2. T8 (RRIIFR)

[Data Codlection (1220 days, chronological )] [Data Split {Chronological )]
Time >
’ SEET—4 (Tran): 6. MiSTTE
80% (@£ [Final Evaluation]
S0 S I REMI Y o

[Preprocessing: Linear | I for missing values]

3. RBTOERENAN=IGA=FFa1—=2Y
(GridSearchCV + TimeSeriesSpiit) [Training Process & Hyperparameter Tuning]

JUw EY—FRREM B§FAE EMIE (TimeSeriesSplit)

[Grid Search Space]

oo T} y
+ n_estimators: [300, 500] ‘ 4. BENSA-YHE
+ learning_rate: [0.01, 0.05] Rg,gE ’ [Bast Parameter Selection]
+ num_leaves: [20, 31, 40]

e e

0] Train[T14TZ]  Val[T3)

v v '
5. BRETISE = 6. BT
7 (LightGBM) P e H (RAIF—I OB
[Final Model Training (LightGBM)] RMSE, R"2

K 4.2: EFNAVEEBLIUNAL =T XA —ZERDTat 2

RRIEZERLIcT — 28R

INELZ2120 Hp DT =Xty b2, RRIEFZREF L EELL DR THE
L7.

o FHMAT—A (Train): 2D 80% (HAR D MAD

e TAMAT—4& (Test): KD 20% GHMDH LW ED

HEDI VR LT vy 70 (K-FoldiERE) 21758, KRROTFT—XE2HWTGEEZ T
T2 )= —=y (BWRR) ) PREL, FHER 2 7PN HICEL REIBODD 5. KR
KT, EEROEH Faxz—ay GBEDT—20APLHHOTFHIZITS) Z&

WS 5729, BECKEZXY > Tr#lzfTo7%. %7, LightGBM IZREEE 5 T
TV LTS HEREZ T A TWB D, T—XOMRMEEZED 2720, REBNEHWIIIZD
WA DEE F W 7= A M L 21T - 72,

FEIOCRENAN—NSFA—BZF 21—

= 7L OPLIRE CRRIO 7 — X ISH T 5 FURED) & RALT 570, UTFOFIET
FREEHL L.

B BB EL & FHlEiR

RKEZAZIE 0 56 4 OEfHEZ TS 2 EREETD 5729, HIIBEE (Objective
Function) 121& F=3##ZE (Regression 1L2) )] ZREE L. Z4uc kb, THIEE EHIED
ZriR/MbT 2 X5 FEE L. £ VAHEHERRICIE, RMSE (Z3RFEFEHRRE) B
X O'MAE (CPE¥EHontiiazs) , 2L TETFADHRANZH 2 RERE (R?) ZHW-.
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BRIIZERIEL Iy RY—F

FEHT— &2ty PANENICBT 2MEE (Validation) 1I2BWTH, FRERIIEGEZHEEFT 2
BN B, # T, Scikit-learn @ TimeSeriesSplit ZFH L7z, Z3UX, MEEHT—2 D
%2 A7 4 IR LEHEIOFE - FHliz1T5FETH D, Fic IEE7—4% < MFE
T—&] EWVWOHKREMIEFREZSF2 Z BN TE 3. ZOMGEFEEYHWRA S, GridSearchCV
WEOTUTRDANAR=F X =R ERETo 7.

e n_estimators GREARDIEED : [300, 500] — FEAREEHE OO H IR M E2MZ
% S

e learning rate (FEIFR) : [0.01, 0.05] — DI VETIRAICFE I H 2 2 2 THRER
&S

e num leaves (BEDRAE) : [20, 31, 40] — ETNLORB S e@FEEDOY X7 D b
L— N4 7 2%

BRYLT, MR a7 PRI BELTEDP 287 XA —Xty F2ERAL, BENZE
F e LTHREL .

KERZBELIERmNT TS

FEBEAETNE Web APLE LTT 7 a4 358, FEIHGmNCTAN 7T — X DRI
MFIRCEZRSBDH 2 2, THRKENZE L LMK S (Training-Serving Skew) . ZHZ5%E4E
WIS 5720, AR TIE TEF—Z DR 26 REEAER (sin/cos £, 774
)1, 2L T M T2 —XUBEETITO M T4 V0 IR FEE L. FCT 7
HEICOVWTIE, #wETH (HH) OKXRETIMT —XZTTRL, T—XRX—=RIRF
SNTBEMHBOME T — X ZHICSR - Miads0Y vy 7 Z2llAAL 2 8T, HIZ
IEMER AR P ZERTZ Bt & L.

§ 4.3 Web7F)r—23 > DREL S AT LMK

MERLTHET VO ELSTHEES 5729, —k2—3 —23F|HAHE7 Web
7V =y arEEFE L. VAT LE ﬁuszm ZEFM T 7 7 2 ZBEHIA D,
ReptE, BIOEH IR NOR/MEEEHR L. REITIXZD7 —F 77 F viEflicown
TidR % (XE3) .

RAIOY—ERT7—F 77 F v DA
TV —va yeRE, EREZ LICEBEDEIL B E R e L.

e 7O0YFI YK (Next.js): 2—H¥—4 X —7=xz—2 (UD 21X, React 7L —24
7 —2T®H5 Next.js B L. L&V 7 FHEE LTISR (Incremental Static
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ST e{!}
oS KRy PIYE-GO

% EHERIAPL IBTRAPT DB W
- EHEEEAOOYC Y, OFFTR - —REE. TR, AR Wi, 58
(SR T— EAHELWHHIE L tokent 53 CER DAY MEERE, —HER. MR
" CUFovaY  ERE EBWEDNTY - Storage
ZOvkIVE
FARKT RER ] -
- T F v v 2 a2 EHAPL
% B - T — S ;
b Fll - AT —FAPI SR uoza R MANL AN | 73} cloud
BT —5 T 1 cErYLILESD IAROFMF—F| | F-smm A2} scheduler
. ot Fl - HMT -y EEY - IRADEET—S | c FOF—5TH—I—lD 02:00, 05:00, 08:00, 11:00,
tailwindess R (IR L DKM "'797' L T P 14:00, 17:00, 20:00, 23:00/2
EMEST
oc
S 2 python S EBAPI FRAPL . @ rastap)
% LightGBM SRR ERATE SAPL
J ) 2 ﬁM?B-ETIL FHRRE
W54 ADREDRRIRE, TOEO ':‘{t #
WeuT—F LOMEESELEFLESR Al - M REERBTE SAPI
— o
- I_?;&:_kf_';— AFAPI SEHIL A 75 £

EEETISSSRFRETH

X 4.3: 77V r—>arye2Ros A7 AKX

Regeneration) Z{EH L, FHMRLREOENLZaY TV EFyy > 2358 T,
= N—E 2R LD DERIRR—IFREFI L. UL 74 7Z ViZidshaden/ui
ZRRAL, SO RWEX VT A YR L.

e NYIUIVEK (GoEE): APIF/— vz BIUELYRxZARY v 7 OHKICIX, &
HRITIIEEETH 2 Go R L7=. Gold Goroutine IZ & 8= X L v RULFEHTE]HE
THYH, WATUHEEICENLTWE 0, KED T 7t XZR=HRANUI T 2 DI
LTW3., ZIZTE, 720X vy P aBHRI 74 7Y MDDV ARY RER%Z
HYET 5.

o HERY /O —E X (Python/Fast API): #ii2E £ 7 1 O EfTERBICIE, Python
DITATART LPAAIRTH 5. 2D, HamKAED A% FastAPI Z Wiz~ A 2
oY —b R LTYIOHL, GonNy 7y RRsDNHEY 72 MG THHME
PRHIT AR Lz, 2k, EFLOEHR I 4 75 ) ORIFEREENE
i,

1VI73AMSI9FveT7O1EBR

Y — b RE Docker ZHWTa > 7H L, Google Cloud Run (%r—N—1L ZAHFHE)
X7 7mA L. Cloud Runi¥, V27X ML TA Y RZ Y A2 HEFINC R 7 —
(A= PRT—V ) SELHEEERFD, 727 R RADRVRHITEA Y 2 X 2 e aic
TX370, RENATDA TS =XV IZBIF37=V7aRX v eiwMETZ5 XY v b
D5, 7—2KEULEIZIX, BaaS (Backend as a Service) T& % Supabase (PostgreSQL)
ERAL, A7 78Hax s 2HIRLOSD, VL—YaFlF—&ZR—2¢ LTOEES
PEZMELR L 7z,
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¥ vy 1 BIRICK 3 APIRE(L

K[ETRWY API 2 Y O T — X Y — R, BIUBAEOHGRY — Y ANDEE R 7 7
21X, VARV REESR APIAHTIROBEREZIAL. ZhzEi#s 2729, GoNy sz
Y RY—=N—ZA U XEY F oy P atfEFE L7z, Google Cloud Scheduler % W\ T,
fFH 3RE B = (2:00, 5:00, ...) KXTF—XEHI a 72ETT5. ZOTaTHhHII 1
BRI OFHEIT— &% —FEER L TXEY FICERT2. 2—F—0560Y 7T X FMRIC
X, ZOF vy P alFEAT —XEREIGRAITS 28T, @BV ARY AZHEB L.

A—H—FBReEB LT —FRE
Bt OREBENERL S LY —V0LE

REZNVA S OEEOUFTEEN, TR 22 R S BE 4 RIS TiERE 5 5. — kB
BRALYEX—@BDICORTHMNERYIDEZ 2, —BOBERY THiH) & TEH) &9 W
SN, 22—V —OEEZHEL. ZITERIRATLTIE, 77V r—>aYATD NH) O
BFURE I 5:00 ICERET ey v 7 BHRELZ., ZuckD, FlziE4 A 10 HD 23 KD,
V4A1IHD2Kd, a—V—EHAELTE—EHLT 4HI0HD®E ] ¥ LTHRREINS.
F72, AT LNEE (Cloud Run BRIRZEH) DX A LY — VR ERFEEL, APIV 7T X
RO HAPHED XL 2 IS 2 LB S N X 7=,

FRBERORIRILE > R2502 3y

AIFETADRHITITS 1342 2o zElElE, — o —3 -2k > TERWTIER
W, FIT, 412ETERELL S BREIHMEICES X, FHllEe MExRL) 26 TREEX)
FTOERMED MEEL NV 742y LTHERRT DS UL Z2FEEL- (FRoo) .

# 4.1 PHE GEBE) &RRT7LOxHEEf%
FHIRa7 y TRINL TER

y < 0.25 BERL FIXRIREEZR L
025<y<05 TFEX HEARIFIUIR SN S
05Zy<075 FaAfFEx DYPEIFIAGTE S

0.75 <y < 1.0 B — AL~V
10Sy<125  KEEZ EERTZA NS
125<y JRIE = JEFITERNFEE Y 7L

252, THIONHEEREZM S 720, 21— —SNBOERRIEREZ FE L 7. Bidide
LDV TNLNEA LG ZRET 2720, v /4 VAETEEAIGEL LoD, Bl OEFENE
Z M3 2729 D Good/Bad R&X ¥ ZHCE L 7. EERFER;IEIZIE LocalStorage £4ii & FH
WTW53.
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EERERILVICE R

ARETIX, HAFETHELLRZVAL AGHRTTFHE T VOMEREREZ1T 5. BRI,
YEWMHEHL TORWT A M T =220 THEEOE &N - EMERN R R 2R
T/, ETADEHT 2R EDOEEE (Feature Importance) 271 L, %2 BTl 7=
EVENHR Y DBEMES, KRETFILOTHEEDRBRRICOVWTERT 3.

§ 5.1 FRAIETILOFKEH
E 2N FHEFSIRIC L B3

AIFFETIE, ETVOFRILREZ R 2161y LT, JUEMRE (R?), FEiiizE (MAE),
TR SR (RMSE) O 302U, 27— XD S BEED 20%% 7 A b7 —
2 LTHHEIL, MEAEZIT o AR 2 REDITRT.

HABIRLAE OITE TR B W TIX, [ERGM O EHMEESLEVEIRO N E ZZR DK
=L, ~BNCERHEOTHINIRE Y 5. 2O T, TUERE (R?) 21 0.7008 £\ 5
EHERLEZZ X, KEFTABKREZLAL HDERITERIIBIT 2 FELEZHEREZ +7512
FEL, VWBETHRZEZA TWAZ 2R LTV,

F72, MAE 7 0.0721 2IRWEICINE o TW A AIEFER FOERNIKRE WV, AP 2T A
T, 025 4D THEUEZ 0.25 XA TOERRED ITEEZ LUV IE#L T2 —3 -8R
T AR R T WD, ZOREDMAETHIUX, LVHEEZKRE RS Y AZIHKL,
I—HF =10 L TREEO SV TR GETH 2 L HIMTX 5.

BRI 5 712 & B E MHERY 74 5T

iz, 7 A MARIZBT 2 FZBEO TR 2R T 2. KD, S22 A4 H05H%ITE
DOFEPE (FRR) &, RETMCXZTHIE R 2RRIITT ey LD DTH 5.
75 72Kk R B, BERITHBEEL TORWEM (il 0 H) &34 LT3 Hi
(fE2 EFE L TWAHR) o LY FigBR—HLTWwa. R, THEEED SR (5§
E~KFEELANRL) IZOWTE, BEDRA I Ve HRBOWM G % BIFIGBRETE TNV,
AU, BAECTEALLZ 7FEE BEOBEZIRM) 2EMHREL, SHTHEH
Mk 3 A 2R A TWE D EZ NS,

—7J7C, EHMEIZEHL TEWE (BEZ) 2R LTV AREOHHIHICEWT, THl
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£ 5.1: FHlE T OFHfiks R

FHEFEIR e | &

ERREL (R?) 0.7008 | ET AT — X DEF O 7TEIZHATETWVS.
IR ERZE (MAE) 0.0721 | FHME & FEHED XL D).

T ITREEE (RMSE) | 0.1013 | AAUEDORE R E R L /-t ieiE.

—Tiue
— Pred

3.0 1

2.5 1

2.0 1

1.5

1.0

0.5 1

0.0 1

5.1: THIE L RAEDRRIILE S Z 7

ERZOV—271IFELERT, BPNFHAST 2 @R RSNz, ZOREKRE LT, U2
RO INS.

L. 2/ T—2ORGE: KFBBERZBRITHSE (BEZ) 3o —XHicEl LorRAE L
BRWFHDVRERTHS. D78, LightGBM 25 MEEHZES | CHEAL LS L L,
MRl ENAUEE U T, 2 WIEEEICEEL L TR L =RTREMD B 5.

2. BN ABRBERDOXE: AEFT L TEEILBE2RORENZART —XE2#H LT
W32, FEEo HREZX ) X, FFEDOWHWREDOMmD TRFINREBRSLEDEIC X > T
FIERIEINI2GEDRDHD. ZNOHERAZIN TRV D, ¥—IRORARERK
ThHdHEEZALNS.

§5.2 FRHEODEEESNLEER

BEEDEVRIERF

AT, MELLETAD TCOBREERNZERAL TFMZIT- 7201 ZHL2ITT
% 7=, LightGBM O Feature Importance (FifiEEERE) 205 5. 21X, ETV
DFREF TR E D - T RHEED LA 10 ZRL TV 3.

CORERD S, UTOERMIEONS.
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* 5.2: R REEY

EE BEE
temperature_std 352
precipitation_sum 251
day _of_year_sin 247
moon_age_cos 246
wind_speed_std_lagl 190

o FHILICEDEE (day_of year sin, temperature std):
NPT Y74 v Ll id, REAA TOERPRVEDZEH (BF) B&
QKR D R EERICEDoT0WA Z e Z/RLTWS. EIITH 2B IRES N
P2HETHB7:0, HNPXRDOEIBR—Z 74 Y OFICHRDFG LTV 5 AIZ
ZHTH5.

o ADESE (moon_age_cos):
moon_age_cos (HETDRGEEE) NEVWEBEEZ/RLLZ X, FH2ETHAXRL T
AEVADBENRIZHHRITBZ 0 E WO Ed L, WA EETANT -2 oHRER
L7222 ERT 5. RIKEHUC X DA ¥ A o EIEs@EyIicRE SN, HEAD
D OFEDPTHORENZER e UTHEEL TW5 Z MR I N,

o [RFMLFEDEE (precipitation_sum, wind speed std_lagl):
7K & (precipitation_ sum) & EUEHDEID Z 2 (wind speed std lagl) DI EEM S 1
TV, ZHUZ, TRRFEPIRFHIZSRTBFEE LIS W (PRSP HIrTHZ L
D) WO BRI AT 5. FRCEED 1227 (I HEIOT =) D%\ T
W3 RUZHIRZRN. UL, SHOEDRERHHTH S Z eI TS, MiHETOE
B DIRID, WED DIEFADKRZNVA I ORE) (B DOMEMBR) 1THEr 5
ATVBHEENEZ R L T\ 5.

TAREDORFICETHEE

FHEEEEO IR, BFOEM AR GBS LZ/ R RLz. Lo L, Fiffi
THEER X N7z TRFTNREE = 0 FHITRAL oW T, BHEOREE L Y MU TR
Bz bRBIXNTNS.

BED EMFREEE, HLET BRIV BELLTWVIEM) 2HETE2DTHD,
MEBICSH, FEDERICEND A o720 & W EHENZEEF— &2 Tidkmwn. X hBE
ZRAEXEZ2720121, ERAXIICLBE ) TVERAL LOKRBEGRERN T — 2%, EBEDf
EETr—&2%Y, XIOVEBENENEL NET 28 T VICHAADRERD % v F
Ao,
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R RA HEEETH o

WL

X 5.2: Web 7 XU —3 a3 >»DXA VHEH

§ 5.3 WBEINTEWebT7 U=y

KEHITIX, EELEFHETLE AT ARBICHE D E, RIEINTHEERI Nz Web 77
Vr—2a ORBEY A VR —T 2 —RIZOWTIHRE., A7V r—arid TR&L
A HBBEETHR] EWVWIHIERMHT, LIRO URLICT—HARXNTWS (2026 FHIE) .

https://bakuwaki. jp

XA Ay aR—REFRRT

I—HF =P A M7 7R RALEBICRIICRREINE XA VX y ¥ adh— FEEZ X
TR, BEEFIIZIE, LightGBM EF M k> TEH SRR S 1AM T&#%1F
T PRELFRENG. EFTABENTIHE (0~4) ZZDFFFRRET, 2—H—
WS> TERMIZODPDRTWVWESIW MEERL) 6 BEZX) $TO6ERMOL L
WAL, HERLR7fare e IR LTWAS.

Fiz, HEFTHROAMN S DA —F%2 27V v 7 $5 22T, KE3IIRTFHMEEHAER
T 5. FEMEE T, FHROBMY 72 -7 1R Z 2 OF i &S SR 7T —& (RA, &, &
A) - JEGE, ) L, WINIERE 7T 7RI TCHERR TS e TE L. ZHUT KD,
I —HF =X Al D FHFERIZ T TR, EBEOKREMHSHOMEI I 2 b MK Lz LT, &
DREEDOBWEITRIEZY. T2 Z e DAREL 72 5.

SN L | R e R o & 177

FHIETF ML BT T TR, FHOU 7L X4 L RIEREHET 27-DICFEEL
7= RARASAE O 2 X 5A 1R Y. AERETIE, 2 —F — 2R TIRE LR Z LA I D
BEHP, EBOBEXIRNZ2H%E - LET23 20/ Tx2. BRECHLTIEAL Y FERT
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https://bakuwaki.jp

BEILoFH

na
128§ 135§ 7 1 9 208§ bl | 2284 236 = OB

56T 7 § X & 4.8°C ac 33¢C 28T 24T

| SR & Mk

X 5.3: AHR - WY T — X DOFEMFRREH

DiRERR, Good/Bad) REX KBV 77> aryhajgie k- TED, HROGELEE
I —Y — [ OMHAFHC X > THET 2 MEHAZIRD ANLTWS. /2, 2—F—0DF|#
MrRESLEL, B4 VAETHE - EPARETH 5720, HHMITIEEF DL - —T
HFRICERREENTE IR RoTWVS.

UL TH A > EE'NA LIS

REZIVA HENETICTER S (22:00~%4:00) IITONBTEHTHS. ZDi=, KM
DOHFTHZWHHZ A2 & 22— —DHPIKATL EV, BILOLLMERCHH DI
XEr x-gRNDDH L. 22T, 2RrRBEHEZERAY L TX—2F—F) Ol
TH— L7 Ziuckh, KEOHBHEZHERS 2 L FKIZ, T4 HDOFHWEERHE
EXEZMFHHERBEL TV, 7, BHHITIIPC TR B AY— I 7+ TDOT7 7L
MEERED, VAR TTHA VEMEL, T VIR TOBRERICEREL L 7.

Web 7 7)) r—< 3 > 0O mBEFEM

K7 7)) r— a > OFMIE %2 ZEINCEEHES 2 729, Google 2313 % Web R —
PEE Y — VT ®H % PageSpeed Insights Z Wi ziTo7%. ZOMRZK BT I
N

BITITHDIE (Best Practices) B XX SEO EHGAD 100 2K L THBD, EX VR
Web HEHEANDUERL E MR L > O VERBEEAETNCRE SN T WD Z e g S k. S
T x—< Y AF 94, 22—V —HBI (Accessibility) (& 87 THH, \WINd RiF/KHEIZH
5. TNSDRERDPS, K7 TV r— a UHEMINSFEHE LR Web —E 22 L THERE
ENTWVWD Z e PEBINTRES N,
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D #AEOOD T

5.4: HIRIRRED A ¥ X —T7 = — R

https:ibakuwaki jp/

ERO LT -ORATIHHT S

NI —FADBEERHETS

5.5: PageSpeed Insights IZ & % fi'E s iS5






SOOI

AL T, BILBIZBI 2 R20A D OERITHRZ THT 2 7DD FEET Vv
DR, ZOTHRER L RO HEDEERMICHERTE S Web 7 7Y r— a2 > DR
HEiTo7,

INFETEHRZNLAL DDOHFFFHNE, FADOREERSLH., H 20 iR B
DL FEHIZHWNERE L T\, AFIE TR, BE 10 FEMOBRITEBE T —X AR
WY - AT — X 2HAE L. LightGBM Z WM EEE TV 2RSS 22T, 20
THlTr 22 @B L LT, MAEOREER, RERE (R 38 0.7 2~ L. BHFOEMER
RYHFHEE B LT —EDOEEHELZE T2REMNRIGE LR TE 2 Z e PRI N
720 F72. GoBiB ¥ Next.js EHWIEX V7 Web 7 7V r—ar e LTHEEL, 77
v FEEE (GCP) L CEMAIRER S R T L 2ME Lz 2T, FHlET VEEAN Y —
PRY LTRET 2EBIE S22 0WR 5,

UL, SSHERICHT THRIRTNEFESHS LI o 72, F—IC, THIDZERIRE
DEETH %, BIEDETNVIEIBEEE DD FHIRE LTWE 0, EBOHKT
BT RO RO E L2, RFICEET 2 Z e P20, RHEDHEREI LD
TR EFEIT 27-01201%, HIEHZ L OFFMIAREET — 2 0OINE e, MIENNEEER L
ETFNLOMMEBRD SND, H U2, B APINDKIFNTH %, A AT LDIIARRKD
BT EEZTFHT 27-DICKRTHRT —XE2FHL TV 720, AR TFHEERINNT-5
By DRINCERITTHORBEDIRTT 2, S5%IF. BROKRTRY —RHWET ¥
B INTHDOEARL, FRIONHEREREZIERT 2EBEQFHEL RIS 20 ELD 5, 5
=2, Y—bPROMKH e 22— — 0 F—IX VOFRETH B, REALA TDHEKT
BEBREDHRTH 272D, A7 —XIZBIF22—F—DBlBsTHEINS, KiF
FETHEE L B RIEREICINZ., BED 7 — 4 77— oafi{te, ELEOBYEIER
*EfER Y EHEBEL T -7 7 AT 23S ITEITI> L, - 2D
Fin et 2 @ 2 FCEEY 2 5,

SHROELY LT, KR THE LT 7V 75— a2 iE, 2026 EFEDY — XV ICH
BTRAHZHIEL TWS, KT ZAT LM, REILA BT L LELFRZTTRL,
BUOCR-SPHIIBERICY o THARRERFEL 2D, BILEOHBERTH 2 KEZ LA HD
WMNOEHEER T2 ek 235, 7—XY AR Web oo =7V V7
DA X - T, HIRD HARBR 2 W5 PEFE MR Z A HL L AR OREIZ. 5%
OB Y — E ZDBRICBVW T —D2DEHARET VT — AR 2 EZ D,

33






SR

AR ZZITT 2D, BRI THEE & BIERYI TSR3 JHiE 2 1 o 72 8 1LIRSZ R
FIER LB T — XV A4 = RERS 27 2B EREED, Antonio Oliveira Nzinga René
HEBAR, FrRERREHRRY: O WS 2 ZURICHRE R EZ R L £ 7. mIRIZRD F LD,
ZRIHI %2 LT\ W FEE O [R 34 T EHE L £ 5

2026 &2 A

e A

34



SZ

(1] FEIBPESEE, "SR ESEEam OHER & PESE - IS D 2L, BI% H 2025-12-19,
https://www.mlit.go.jp/common/001207983.pdf.

2] BT OBHARI 4 F TOYAMA NET, A X L4 HDEHKIF IO TR E
77, BT H 2025-12-19,
https://www.toyamashi-kankoukyoukai.jp/7tid=100606.

3] PRI, "85 28 7z iR A DXIE (5 161 7, BT H 2025-12-19,
https://wwwb.cao.go.jp/keizai3/2016/0117nk/n16_2_1.html.

[4] BIRIZELD vol.16, " S ABAREI R HITTE S 2 id..”, FIRH 2025-12-22,
http://shinei-densetsu.jp/wp-content /uploads/2015/11/16-2015-No3.pdf.

(5] HEEC AN 1825 (3672H 200906 A 25 H)  EWWised R BOEA KX
A7

(6] MRIERE (IV. KXV A HDARE, 2. FEINAERE (2) FEIEIMEHEL In: HAMEARX
VA HEFHFREF — 2 G&) THARMBIZEBIY 2 KXV A 5 OEJRFAHIE, pp.75-81,
7K PE ZERA (RIS EE TR N B FE S 3E, 1994,

7] JERE - SHEEK | R R A B e~ & O L BB, B Y. 182:271-279,
2009.

8] SHEX - {HEIER « B ZATHE - AW . RZ AL BT >ThD“ ZFE”, ARy A =
YA, 22 (1) :30-41,1992.

[9] Software Letters, "Why Go (Golang) is the Ultimate Choice for Backend API
Development”, B H 2025-12-26,
https://www.softwareletters.com/p/go-golang-ultimate-choice-backend-api-
development.

[10] BairesDev, ”Static vs Dynamic Typing: A Detailed Comparison”, Bi% H 2025-12-26,
https://www.bairesdev.com/blog/static-vs-dynamic-typing/.

[11] Leapcell, ”Clean Architecture in Go Using go-clean-arch”, % H 2025-12-26,
https://leapcell.io/blog/clean-architecture-in-go-using-go-clean-arch/ .

[12] Next.js, ”"How to implement Incremental Static Regeneration (ISR)”, F% H 2025-12-
2,
https://nextjs.org/docs/pages/guides/incremental-static-regeneration/ .

[13] GitHub Docs, ”GitHub Actions documentation”, B% H 2025-12-26,
https://docs.github.com/en/actions.

35



[14] Supabase Docs, ”Supabase Documentation”, % H 2025-12-26,
https://supabase.com/docs.

[15] TEEE Access, ”A Survey of Ensemble Learning: Concepts, Algorithms, Applications,
and Prospects”, #% H 2025-12-19,
https://ieeexplore.iece.org/stamp /stamp.jsp?tp=&arnumber=9893798.

[16] ¥ 2E v, "GBDT(ABL 7 — R T 4 Y ZK) LI ? KT D3 {3, ME
H 2025-12-19,
https://nisshingeppo.com/ai/whats-ghdt/.

[17] ApX, "Leaf-Wise Tree Growth”, % H 2025-12-19,
https://apxml.com/courses/mastering-gradient-boosting-algorithms/chapter-5-
lightgbm-light-gradient-boosting /lightghm-leaf-wise-growth.

(18] VX INFX 74 7, 7 [WFE] KEBROI A 7V vy s a—7 4 v 7-PUE
AKToEMME, BT H 2025-12-19,
https://wonderfulfxlife.com /ml-cyclicencoding/.

[19] Qiita, "KRINT— XMo@k e L 7 7FRiE L BErFREE o v,
FI'E H 2025-12-19,
https://qiita.com/RyutoYoda/items/7bce0b401fbcb3bfodar.

[20] scikit-learn, ”TimeSeriesSplit”, B'% H 2025-12-19,
https://scikit-learn.org/stable/modules/generated /sklearn.model _selection. TimeSeriesSplit. html.
21] 7= LFETEWIE (B TEE) @RS B THA JEMLER, "r2, RMSE,
MAE 3 FERET VR KT 2 720 D= T3, B%H 2025-12-19,
https://datachemeng.com/post-4547/.

29] techgym, "4 SRS X —RF 2= PERKIEH A K — EEE PN
BRI B X8 2 REFIR”, FITH 2025-12-19,
https://techgym.jp/column/hyperparameter/.

23] Rara #87~:fR. "EILE Rm&Z LA A FHHAFWIT~2 77, BEH 2025-12-20,
https://rara.jp/hotaruika-toyama/.

[24] Gemini API. ”Gemini API”, B H 2025-12-20,
https://ai.google.dev/gemini-api/docs?hl=ja.

25] JRT. "THMADKRT —& - Xy ru— R, BREH 2025-12-20,
https://www.data.jma.go.jp/risk/obsdl/#.

[26] tide736.net. " HANIR R 736 ORIV, Bl H 2025-12-20,
https://tide736.net /.






	図一覧
	表一覧
	記号一覧
	はじめに
	本研究の背景
	本研究の目的
	本論文の概要

	関連技術と予備知識
	ホタルイカの生態と身投げ発生のメカニズム
	既存サービスと本研究の立ち位置
	Webアプリケーション開発技術の選定理由

	機械学習と時系列データ分析
	勾配ブースティング決定木とLightGBM
	時系列データの特性と処理手法
	モデルの評価指標と解析手法

	提案手法
	データセット構築と特徴量エンジニアリング
	予測モデルの構築プロセス
	Webアプリケーションの実装とシステム構成

	実験結果並びに考察
	予測モデルの精度評価
	特徴量の重要度分析と考察
	構築されたWebアプリケーション

	おわりに
	謝辞
	参考文献

