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FTRRMTHBERTIEITRD. X512, FREOYFRN RS, JCIEFAS [ E R A
BAaBrrb, Tl eh s TBoElhi) BN IIFREES 1 &HFE2 L bH
K& LTE TR TWS.

iii. IRIRER
WHIM Y 227 e 2 2EA LY LT, Foi, ii TERXREEZOIEFIC, FH, K&, W
H, KRB A XY PR EOBIINCEL T 23X FRERNDBBETONS. ZhbHD
ZHRNZ, FEDXRA IV TIRFEREICEE, BXUIILET 5.
7z 21X, WREIE->TWAHIX, HIZHOFENHA L, FHED, HisHEZE
HLEO T 2ANBMDT 28T, MRINCHIREZHENHET 2D T 5
TEMEZOLNDBEAD.

§ 2.3 HIIERYIESEF A& GIS

2.1 i Tih X7z RTM D X 512, HPEEALSETFHENICB W T, GISIIR1rERWERERER
YioTW3., AREITIX, ZDGISIZOWTIHERS 2 ¥ iz, GIS OHEAIILTE THIAD
ISR O W T AT 5.



GIS

GIS &1Z, MEICHET2HEREFF-712T7 — X ERENNCER - INT L, HIERRAE L
F— RO T Z 12k oT, HEMNICERRTZZTHS. Tk, 227 —
R DEE R e dUR 2 HIWr 2 aTEIc 2 Fificdh 5. HIFRZER T — 2 ofile LT, &
M (A K, #EX, =R~y 75%) ) #iEtEX, EK, aER, SRR,
MatE®R, hEHE, HEBEBRRZEPBITONS. GISIZWL 20BN RiEE RO 7
», IFXFRHABTHWLNTWS., ZOFTHREMNLZDIDL LT, RDLS5% 4D
DR L 3 DDREAEToND [22].

GIS ICHIT 3 4 DD

o 7T—2 DAL

2D 3D, 72X —a v EEEERELETHNK Ficr—2 2tk s 2
£oT, BUEO A% H A3 TIERIO 2B TERWE I BT — ZOMEAIR T — &
MO EM R kA EHRE —HCIEETE 2 X 51k 5.

o 7 — X DRI

BEOT— R EXZ2EREDEERITI 2 TT —XBOWEREZICIRD, T —X]H
TOBBRMERERCHE T2 22N TE S, £/, HIN EOMNBEREGRI ST —& %
FETAZICEoT, EEMNREREZIEESTZ T3,

o T—RDIRE LI
VERHRZ ¥ — e LTz zhploREefior—22MaLeh, Hlo7r—x%

BHREDETIMTZ2IICEkoT, HEHOY Ju—F CiREOBrEEH T N
TZ 5.

o 7T —XODIER & BEHT

SHOHATIEH LVWELOERPLEIIC X 2ITBROEER Y, BHEMAIHLZE
LLTWB 7= HIFIER T — & ZR SIS W TEINCER L TV BERDH 3.
ZOK, GISEFHT2ZTT —XDIERK - BHCB I 2 AE BN, #ickt
EER-TT—XOEH - IB-MIEEITS5 28 TE 3.

GISZHWAZ D3 20F =

o EBHNHEIC K B 3 X NI

GIS I3IHE DEBZRE(L T 5 7-DIZELS FHINTWS. KX 5 GIS 2= H
LT O ZNRHIRABITT 2 2 T, BHHFATHRHEEH, Mot 21758
OYIEM R L, XD EE» OB BAEEDOEBNAIREICR 5. ZHUT K
DVEERFEIR NB R CEBICH2 22X 2 KIBICHIRT 2 280 TE S 205 FlA
ZFFD.
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2.5: JRERFEAEH S 2 AL L 726 2.6: GISIZ& 3Ky b 2Ky M 23]

o Fib 7 EUBIRGE
FHRIC B 2IEENCBWT, BT 2 EBIVEZIEL {179 Z I3 IID7=0D
BEREZRD1O2WR 5. GANCETAREICHEZHAVWE Z R TE S 205 A
MR GIS 13EE O HEIGFT-tHE L — b, BEEEHIE - B2, RKARBEIRO U S
R ZRER T CRER G Z RET 5 7DIFHINT WS,

e 23 a4, —aryoDnt
GIS 2T 2 Z e CXEIFERKRAAFEZHOTEFRZ K Fica b3 2 2
EMTE S, AN BEFERISR 2 RN R, WEREEZEST Z &2
TE, Z—7 MM, B 2a3a=F—aryoREEX3 ZNAJHEE
W25 2 WO R R AR,

HIBRIICTEFRIAD GIS DIGH

LIRIEAR Y P ARy b EMHINEZBESOBTFET 5. Ry P ARy M, LIRDRZLREY
WEBLTHRETZIHRTHY, T4bb, Ay FARy MM SLDOMFENTFEEL, Z
DFEEX, FERICHETZILFREETHUT 2D EHTHS. ZOLI5RKy hAKRy b
NS 55 2T, LHERERNEHK LISt T27 74 0~y BV FIZERE 5.

Kz, Ry bRARY NERIET 27201 X S WSS B — 3 VEEHETE X, GIS DFE
WEDBRIC o VWoTHBETIERWL. ZD LS, GISHFEL, #THELHIC
AW Z N TEBLEIIICHKS72Z8 T, Ay PAKRy bORIEMTZS LD, Ky
b ARy MBS 2HECS A, MEALETFHORREE holcb WR 5 1], ¥, H
MR TR ORREIZE, EEKEOHFHMD KEEbo TV,

1990 FARUTKE DEE DY, GISZHHEIMMHH T2 L5112k o7Z T, MELET
HNCRE§ 2R —KUCIR L 2 e dBRT W3 4], Zofle LT, YD =a—3—27T
RPN AN Tasxky b BTN, U, JLIEF— X 2 EBEN THEETL T
K ETRIRILL, YD &5 REIEEITS Dh, ZOVEEITHI>DDTHS. TOGCIS%E
b AN-Z258E, LR TH Y, ZOMRICE S CEEEFHOREB L ko /-,
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HWWMFEICEK B ILFEFACER DR

§ 3.1 AFHEHHRT—RIINT IEHES

BB 2 MM T, FRICHWE T —Xty b2, 207 5 2D IR
BIFBODPELTVWE D%, —KIZ IRGT—& 2w,

PR T — IR FAREICRITTE

FMFTEBEI NS T — &%, 2D 7 ALLBEINGENITIZ > T0WEHDBZ N, 77
DRTWHlE LT, BRT—E0H5. GEBREDT -0 oREDKEEZREHRL TWVD
DEIDEHNTZETVEERLES T2 &, BEEDT — XIILRNE S ICIE
TEZ2, TN HIL T, Z0EEZEOT 2%, BEHEID SBEDVNEL, ETE
7 —RBBVRLBoTLES.

L LD S, —MRIZEEMEEE 7120 X81%, ZREND T 5 ADT —XEHFE—T
HEZEERELTVDE ZeNEL, MY ET -2 HWTHERZE 21T 2, D8
RIS 20 FEE D E LK RS 3 [26). ZOMM%E, #FHBI#HT (Linear Discriminant
Analysis: LDA) ZHINCEHIS 2. LDAIX, 220027 5 X%, Rb#HITE 2 EMR GRilE
B THEES 2 FETHS. BROCTHL L E2EBEL, V> Tz, c RM &, ifHIER
ICHEAT LTV B8 w THRIBEIL /2

Yp = w' T, (3.1)

EFHWT, 7927835, ZorE, HHEEK J(w) 220V,

mwMMeJ@ﬁ:g%%% (3.2)
LB w 2RO B, 1B, 77 AMEHTY S 1T,
S = (mi —my)(my —m,)’ (3.3)
TdHb, 77 ANEEITH Sy 13,
Sw =Y (@n—m) (@, —m1)" + ) (@) — mo)(@, — )" (3.4)

neCy neCs

ThHd. Wk, 77200, DF my, mu IZLE T, Co DY Y TAEI /XN
&, NBADF2IE X, F1HLLRTIEFIONSLS RS, LEKoT, §¥Hw i, 1F
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BRI o o0 °
e®0 o
, °® BHES
’ 4 /
I’ a Hif~qg @
," A== FUDT REVY
0% o ;
&5 2T oy oo ®
o ' oo &
IA<TBE, Nﬁmw °% : %=
BEEAEBISADHE 5
ZEU AW LN :
FEENB. N / \ /
W = SZa ks N = ~ o N > N ~ > ST
X 3.1: 77 AR K 2 55EE X 3.2: Ve 7 oI

LAY IR0, DEFDARER TSI i, 77 ANHFOREIINEL %3 (X??
SE) . 2D XD REHRIE, LDAIR 722 & Tldw.
2T R C™I DY TN NI DT 5 O™ DY IV N e 5L,
7 — X DAIIEE r 1 '
Nmin

~ Nmej  Nmin
CERTES. 1< 02THh2E, ZOT—RFITOoAEHETHD, A ITHWS L&
X, MorOTRPRETH S [21). MU, A7 -3 7 a—5F LT, ¥
VIV T T Y INEERGAT .

(3.5)

r

BoTFIVT

Py IV T, B IO OF =2 ERFINED, PS5 R O 0F—&
EAERT 52T, REDICBF 2 FIME r = 0513050 2 FETH 5.

i. PYRA—HF)T
TUR—Y TV X, ZRITRCT DT —XEMEI FIETHD, ERA
CERBD 2o 7 Tu—Fnb 3.
FIRINX, BIFEOT— 20 6/EI bD0ZEIRTE27 0 —FThD, 70X LITE
R52708L67 & —=%>71) 7 (Random Under Sampling: RUS) , 77 A%
W OPIZTEILT, ZRNENDNEL T VR AIERTZ 77 RAXFEEY v X—F T
V2, b X2 Yo (BEEEDSEN O™ ¥ O™ DF— X DRT) DERT 5 A O™
HloF—RE/EIK 7V R—=F TV THH 5.
BN, 2R SR CM OBFEOT -2 FDF FMEHE I, HiltkhrT—&%
PR Z R CMn L EBERT BT VR =BTSNS TH D, BT —XDERK
WX, E-PEESH WSS Z %,

ii. A—N—H>FU>5
F—N—=HP T TFY T, PRI FRC™ DT — R EHTERT 2 FETHD,
ZO7NATY AL, SFIFRDIOPERINTWVWS.
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Synthetic Minority Oversampling Technique (SMOTE) %, HFHLTW2 i HHD
YT 2 Cm DF—RE 2 LT, v r k&H T I EED
x € Cmn XD MT. 2k, kEFEY Y L erin bR, 2t QRPN LT Y
XLZOEOBEIRL, Ik 22T 5. b 2z DNIEE R8I, 2 OFiT-7k
7=y,

yi =" (" — 2) (3.6)

RPERT L. Ik, TNTO M € O™ ik LTTY, Sz y 288 7 —
ZIZEMT 5. 13212 d, SMOTE 2 64 L7z Adaptive Synthetic (ADASYN) %2,
R—X—74 > SMOTE % ¥ OFIENFET 5.

TV TINER

T INVFERER, BROETAEZFEL, Zo%2d L ICRENZH T 2RE T
ZFETHL. REKBRENEZIET 27-DICF B IR 280 BOET N 25958 L LY,
ZFNZNEEDEISHEBIBINICE T, XXV T T—RAT 4 7 D2573F 5
CEMWTES.

NXI TR, 7=V RV I T (F=E» 567 VR LIZ—HOY > I 2l Hi§
ZeEBEDIRL, 0eODT =2ty "hOEBOT XLy NERERT ZFEER 2TV,
FNENDT -2ty FTHEFEEHEEEKRL, Thehotihzd eic, BRENRHTZ
RETHFETH5.

T—=2AT 4 7k, nflosEFERE ZRENEINCFE XY, ZTholiizdb e
WK 2 RES 205, EBH (727U, k=1,2,3--- ,n—1) IT¥EE-H9H
MmO %, E+ 1B ICHEE X290 HEMCICHAT 2 FIETH 5.

§ 3.2 HAN—ZE@HSDZBKRET—XOEUS

22 HITIRNRI= X 512, JLFROFEIZ, BELOERPEZONS. ZDD, JLFOD
RERTUNT2ETNAEIERT 27-D121F, 262 RETIHHEREZ S EET 20
BWRHb. L, BADPRIHUFTZ 27 —%, T hbbA -7 77—, Z07
IR RZBANRD 5. EBRIZ, HEATRHZIRATWE A -7 F—20EE, HRTHRD
RSN TWERBLLELT, H67.7%TH2 2]

ERAEOMRER Y, HatNR T — XTI AEIATHWE 0D, LIEREDER
Y U CTEHEERIAZHIENR T — &, 722 213, FEDHRDOMER Y L WoTlzd DX, K
RE LTHUSPEZ TIE7RW. 22T, AT, R T — & 2 HNE(GRS v —
Yarv¥—bLArLHEL, ozt L.

R E{ROEF
HIKIEBRIE, Z D% Z DA OB ZREERTERR T —XTHL. £2IT, &
W25 TlE, Mapbox 2 & HfS U 7= XG5> & G302 i LT\ 5. Mapbox 1%, H&HE
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PTHAVEHEARAAZLALT, HIKEZHHD Web R—=I%7 7V ICHDIATL Z 2 25T
X5V —LRTHE. SEIFRAPIZRNHLTED, FMARELOEE - BELZENT
% Geocoding API, /L— b BZ#RZ 3 5 Directions API1 72 ¥ 035 573, AW TlE, HXZ%
N7 Z—[Hf e U THIST = % Mapbox Static Tiles API & H\WT, #7475 — X 2HUS
5.

Step 1: Mapbox Studio £ T, HXX LYY TZERT S

Mapbox Studio T, HIX FIZH 2 X FIFREROOCRROARL HHICEHE T
L5ZEMTES,

Step 2: BELEEHLS, IFITZ2MINZ2BHTS

Mapbox Static Tiles API Tl&, #IR DI NTOHMEZIEATETHYI 72241 T
CICHIKEBRZEETE 5. T4bb5, MECEENDS, FFEDXA LE —RITRE
THIENTEDL. NROBELIRE (lat, Ing) BEENDE XA (X,Y)1F, XD X
SIWCHENTE 3.

0 i
cos lat@
2771 (3.8)

ZIZT, |z|lE, nSo<n+ 12T B B 2RT. £, 2 ZX—LLRNLTH
5. 122 ziE, 2=1TTRIEZEAH/=D 1.194m, 2=18 TR 1IEZELLH/=D
0.597m DOHIXIE % ST & 5. Mapbox Static Tiles API TH(fS T = 2 HiX[HE{& D
RKEXE512%x 512 TH D720, 2 =17 TE—UHH 611m, z = 18 T1XH 306m T
H5.

Y

I
,_

Step 3: Mapbox Static Tiles API ZAWT, MEERZEIGTT S

LRk, 24 X)Y, BEUX—LL )Lz 28 - RE LTS, Mapbox Static
Tiles API £ L THEESINTWS URLIZ, #NHERFTX—X L2 LTGET V27T A
F21T9. VARV RAINZT—REIANAL MNITHZ728, 1 ODFEZEIZ RGB E%E
M3 % 3 Ot 2 21T 20X, EfRe L TIET 222N TE 5.
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NAVITIME S g
HARR  FEOB JL-@ | - ailos Q@ M gl

BRiR  EE 2Ry b REF0 SRII5 3

F—SULFE | BERRRA | RIBRER | 7Y —/IXRRER | BARRER | /A RRRRA | WLt
WHENRL— RER | 85 &i\ﬁxﬂﬁ-miﬁnmn\ﬁﬁﬁﬁﬂsaﬁ\Eﬁ! ]
K5y oLk > WEEE Y — “AoN—

WEIER Y —E R | /512 — MR

r=SLFE R BEE n2 itH AR T rSvo

mmmmmm
© EHRMOBN - FERFORE

3.3: Mapbox Studio 3.4: NAVITIME
MR T — 2 DEF

FHEDia e £ D < &, JLFROREDERKE L5 A[REMN D 5. Mk T — X ZHFT
X549 —b R LT, Google Maps API 23#(ET 523, HERITHUR T X 28UCHIE2 D 2
F22, Tz ZHEFEMKIREER Y, LYy ik LTI Y VAT TZEHDITH L
T, Moy —fiigt) EMRLTDH, ZNOZHEETZ 2 L3R LWVWAT, BRALERD» -
72, ZFIT, FEFXF—YaryHF—VLROVEDTHS INAVITIME] »5iikT —X % R
JLA Y LTHIE S22 L.

A7V AyT7elE, 7=RENELLLTHHLLTVWESITNLEZ T2 TH5.
K2, Web Lo B R T —R22BE T2 %, Web A7 LAY 7 IR TV
ZZLAC YT EBTVWREKROSEIC /70— VD, RZLA Y&y, o
X, BITWeb LOTFT—4ZINETEZ2 e 2BH®KT 5. T —X2EHT 272012, v
FTLHPIMITEZ LD T 200827 LAY ZTORMETH 5.

BeautifulSoup4 ¥ 1%, Web# A + LD HTML 56, $HERT—X 235 Z e T
55477V CTH%. Beautifulsoupd TRAZ LA V27§ B BAINIHHRD Web R—
75 HTML Z2BUS§ 2081 H 5. HTML 2BfF3 2 4iE2 LT, FU K Python ®F 4
77V TH5, Requests D get B2 0 H 5. LD FIEIC K » THIS &7z HTML 7
¥ A b %, BeautifulSoup4 @ BeautifulSoup BAEIZIE T Z & T BeautifulSoup 4 7> = 27 b+
ZVERT &, %@ﬁfylﬁb#%%fﬁﬁ%?é’tf%?&ﬁﬁ%%m?a

NAVITIME 1¥, fiERDT ¥ LTk, THIITEGENREZ 2 IC—E L o THRREINS.

§ 3.3 FTRIETIZHIRIBFE

B, 722 213, BEABICHFEHIN TWAERE=—2—F 1Ly T —2 2 \Wo Tz
TaY XX, BHEPOIERERMEETHoTHET IV VTN TES. Tibd
B, IDTFHEDOREVETVEERT S IR TES. LrLaELs, —RICET L
DREENREXLRBIFY, ZOMBRMEITNS K R2HWEDID 5.
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FRETINZHERT ZEEMN

I, RE=a2—J 0%y V=2 R EDRBNDENET VRN TE 7 LTV XA
DEHZED, 2L OB THWFEENTEHING X212k TE . ERETHTIE, #ED
R 5, BEIRIEMEIED & 5 D223 2 > A7 403, KRETRAIEHTWS 9. 20D
IO BEELPREIVHEIOEEX, THRBENIRZVWZEIZDBAA, BREZOTFHIEZ H
NL7=Dh, DM NEHHI B BB D 5. ZD7=D, MFEI/RLTWS TALFREH
JRHI) %, EUDSHEITL T3 [—k7T — X {REHH] (General Data Protection Regulation:
GDPR) | IZBWVWTH, WMFAEETNVOHHABMLICOVWTERLTEYD, FTHlETLEZRE
W3 2Zeid, EEMCEEHIN TINS5,

FARE CERED L —FZ D
DUROD &5 B RIRET LV 2E 2 5.
f(X1, Xo) = Bo + B1X1 + B2 Xo (3.9)

TDrE, X\ W1IREFKRES LD, f(X,X0) X8 BRIREL RS Z BRI
DB, ZDEHIZ, FIERIFET I, HEBEHHZR Y ©H W21 ERE
RELTED, EFTMIT2ERMERENEEZ 3. e, —Kic HERE»EW) &
59.

— T, HEBIBEFICHEEINEZTLITY XL, FIZIZFEE=2—FL %y P T —2%
FVRLT VA MREE, HNEBEHHZRE ©HWIZITREMR EOREZ EWT
WAV, XoT, EhBEMRBEREETY Y TES 512k, —RICHEERIRES L
DB FHRREEIIRELI DTV, LrLEds, BERFET L LEN, ZOEMX
o, BEZOTFHEZH T 20028 T 2N TEXS, ZOHHETIv 7Ky
JRBDRTV. Ik, —RIz TREMEN) 2 E 5.

FRETINZHERT 3EBRFE

PBICEE N K o TR S NIZET SN LT, (520 %5 2 5 FEII WL D0
ET o0, FICEMZ DL LT, UTD40BEITFoN%/E2 5.

e Permutation Feature Importance (PFI)
e Partical Dependence (PD)
e Individual Conditional Expectaion (ICE)

e Shapley Additive Explanations (SHAP)

ZNZUIMZ R TZ 20008 RZ D, HRICX>THEWD T 248D 5 (MBES
) . Bz, s AeEoEmy, v~ 7 aflmr» bR 25813 PFLE, HX
N7z0 e ODFRNEICN T 2RI Y, I 7 0flmZ2 D 20WEEIXICE 2 HwaNE
7255, AR TIE, I 7u0RfiifroRTE34500, v 7 ulmids o OIS a]
HEZ2 SHAP Bl WA Z 3 5.
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ES7A=E N
BRAE

# 3.1: 7ANA FF— LD

zmE &M | ShE M

IIIIIII A 6 A-B 20

B 4 A-C 15

. C 2 B-C 10
FRRR A% A-B-C 24

X 3.5: g FEH € 7L OFRFE B0

SHAP

X = (Xy,..., X)) ZHALRE TEFEFEADETAE f[(X) 8 T5H. A VARV RiD
BAEBD x; = (231, .., 0y) £TBE, A VAR ZiDFRMER f(x;) THS. I T,
FHOMEEE E |[(X)|, 425220 ORIL 2,5 DEBIE 0,5 & LI &,

F(X) —E [f(X)} - i is (3.10)

DEI, HIfMEr S DA R EMMEDORFMTRHETE 2 X511, EMMEEZOMT 2L
7, SHAP OEAMLEZHTHS. EETLTHIUL, HEBNEGICHRT2 e
TE20, IHYEETATIEZOXEETIEH LY. 2079, SHAP TiE, W7 —oH
nrrﬂ@ Shapley fHO# 2 52 H\WT, BEEEZDET 5.

T, MHhr —LBHOUVEDTHETANAL M —L%@HT 5. 74 FOZ
M%ZLT,AILC@30®7V4% PREL, 7IANAL FOBME L ZD L T1215
SNAEINCIE, RBID LS BRI L LT 5.

AB-CO3ITVLAY—DBNMLI 20HMI24TH 2. KDEBMELIRZVWI LA
Y — K IDZLOMWER T2 THE, ZOEHBMEIZLYD IS CERIREESS
M. 22T, RAEME WOMEREREATS. RAEME XX, 274 Y—25/0
Ltt%@ﬁ%t,/M?%ﬁm®ﬁwt®§%§?.%i@}B-Cﬁ?Th/MLTm
2 BWCADBPSBMLUEGEORAEREX, 24-10=14Tdh3. L2L, 71 Y—
BEDESRIMEFTSMT 208D, RAEMREIZEZSZ. Hl21X, AORAEEEIC
DOWT, A, B, CEWVWIIERTSIMLIZE ZIZ6THE0, B, C, A LWIEFTSML
KZ%MMTéé

DHBLRENT 2720, EXO0NETXRTOIEFCTRAHMELZEH L, ZOFEER
@5 i2F 5. PlzE, AORAEBEDFEMEIR, (6+6+16+14+13+14)/6 =11.5
THd. ZORFEEDEIES Shapley fHE WV, Tz d & IZHRMz BT 5. —
fRiz, JOoDT VLAY —DFET S E, LAY — ;D Shapley fH ¢; IZLTD LS ITE
HEhz.
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1

=71 2 (8111181 = )Y((S U ) ~ v(S)) (311)

SCI\U}

SHAP i%, Z O Shapley fHD# 2 5 & B EE OEF/WSHA L TW5. HlziE,
BB X, Xy THEIZETAMIBVWT, A YRAXYR i DFHMEv({1,2}) ®, FHHZE%:
Ti1,Ti2 &3 DL,

o;

~

v({1,2}) = f(@i1, wi2) (3.12)

THEB. Fh, 1, k1 OVTRLRMOBEEE, FHEONEHEE L,

v(0) =E [f(Xl,XZ)] (3.13)

TH%. TE, 2, BZEHITHD, 2, 3 THTDH 2 L 20 FHIE({1}) X, BEIZOWT
JEA L &2,

U({l}) =E [f:(%,hXQ)] = /f(%hfz)p(%)d@ (3-14)

TH5. £o7TC, ziy, xp EWVIHFTHHERDHAL Iz 20, ZAZURRICBT
2 R EEAE A1, Ao 1,

Ay, =E [f(xi,l,XQ)] _E [f(Xl,Xg)] (3.15)
Ais=E [f(xi,l, xm)] _E [f(xm, XQ)] (3.16)

TH 3. Shapley fHE FIHEIC, BZEZITRTOIEETEBL, 2623 5. T4b
B, AR 21, 22 ITOWT, ZDVIIE i1, ¢4 13,

1 R A R A
¢i,1 = 5 <<E [f(lﬁi,1,X2)} —E [f(X1,X2)D + (f(l'i,l,mw) —-E [f(thz‘z)])) (3-17)
1 A R A A
¢z‘,2 = 5 ((f(%hxm) —E [f(%,th)D + (E [f(XhIlQ)} —-E [f(X27X2)D> (3.18)
ThHb. TDLE, ¢, 000F, HI17— 2HERTB W TIE Shapley fE & FER2S, SHAP 12
BOWTIESHAPEE R, K317 X318 kD, ¢i1 & gin BT L,
Gig + Pio = f(l"zl +1z,9) — E [f(Xh Xz)} (3.19)
Thh, X310 LA, £ AZAiDOFHEYL, FRIOHHEL D2 IR > TW»

5ZEDTD5.
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x5 1 0.52 x5 W0.52
Fx4 W 1.00 B4 w100
By 3 = x3 I . 3
B — 1 B — 3
X1 I— 7. 06 X1 I ) 37
0 100 200 300 400 0 5 100 150 200 250
SHAPEODERHED TS SHAPFBODAEHED 19
x5 I X5
ﬁm ] ﬁxtl ]
= x3 I & x3 I
% %o —
x1 x1
0 200 400 600 800 1000 0 200 400 600 800 1000
Future Importance Future Importance
X 3.6: FEMGE T — X DAGFR Xl 3.7: IESFURE T — X DR
SHAP OB A%

SHAP X, 799 7Ry ZARETATHH->TD, BREZOTHEEZH I LI=DD, &t
HEBZC L ICZOEMMEZHNITE 2. ZOEMENENZEHEICHETETWEI %
BEEL 7z 25, [HREEICOWT, BEOMRFELIDIELSEBEMESHETZZZL
PWRENT 3.

S0, FEHERZE 30 DIEMSH N(0,30%) 1I2HE S 5 DDRIAEE ©1, 20, 23, 14,25 &, F
0, BEHERZE 10 DIERSA N(0,10%) 165 /4 X b 4L, X3.20 8L 3.21 T
BT — X% 2020 10000 TEK T 5. R 3.21 TER L 72&Hi 7 — X IcoWTiX, 2,72
GO THEERAAL, ZrOMHERYE 77— X OfRGESER 2 r— A2 BT 5.

y = 15x1 + 1029 + 523 + x4 + 0.325 + b (3.20)
Yy = 103)1 + 10%2 + 5%3 + x4 + 035(?5 +b (321)

ZNENOHENT — 2%, IRERE X=X LIEWFE 713V XL TH S XGBoost
TETLEFE L. ZDET)N%E SHAP TR L MR Y, ERFIETH % Future Im-
portance THEFR L 724G 2 b3 5. 32012 LK 2#N7T— X DR ZK 3.6, 3.21D
MR EX 3.712RT. 2B, Future Importance &, » 2aIAZKO THIFEE % &N /210 H
EXEd%, ZOHMEELKD HEE) L TURLEETH 2. RFPORFTEIN
fElX, 2, ODKREZXZ 1 Lt ZOEHHERDOLHETH D, Future Importance & LLEL L
Thd, BEBUORERICEMEZHETETVWS B 0h 5.

20






REF;

§ 4.1 ZHRLBERZEZERLI-T—Xtv FOERK

AWPZETIE, THIT 2NRMMEE LR L, BEROILFERET — 2056, KEDHIZ
ETTIRIRET 202 TS 2ETNVEIERT 5. JLFHEAELETHET V2T 5 R
WCREZL T — Xty P RAERT % X TOMNEZRKEDITRT.

AR DRE

PLHEORECIEIIEFIFERERNEZEZOND. 2D, TELEIZL OFMBPER Y
EERITDZIENLEZTLL. L2LEDS, Losel S HINER Y MR Wil BHZE R
ZEMLTSH, PHRBES X2 250, SHHEIXMPERTI72TTHAS. £/, K
VAT LTHEN T =X 2BUS T 52 7-DICFHL TV e-Stat 1%, 77V v Ftib - /N
DT RIS TH, 200 L ERBHEINTVWS. X512, ZObEHoTF—X EHEL,
Bl BB ERRERR S 2 Z e 238X, ZOMAEDLEIRERL Tk,

Z 2T, BRI X2 THETNAZIENT 2012, MAEBEAEZITEET S L
MTELXIICLTWVWDS. EBETELT—XIZ, e-Stat TRFHZINTWVWBE 7V v FEL -\
il & ¥ offiEt T — &, BXY, NAVITIME TR TWB iR T —XTH 5. RiEIC
DVWTI, B3 7 —XETetE LIMEREFTHERE LTHEHATEZ X511k TW5.

RBZ3ZEHNBREDOT — X DFEE

e-Stat THRIEXN TV AT T — &I, FitSNTVWERyZ iz, £2EIr, #EKFE

v, MRANZE, 7 TH EWo /MRS, 2V v ReAZ D5 EENTEE
T35, RORT7T LT, THIT2EMENZEMNEZ Y Yy RELE LTWS7D, 7w K
AT DHEI T =& 2T 50, XDEFERTEXL2ERNZHEPL T, /NMUIRZ o
T2 HHTE2 X517 MBSO F—RIZFOETEFHVE L IETERY
728, 77Uy R VBNICEBT 20 ERZH 5. FD72D, /MM 2 D57 —&RI2OWT,
N ERIZITEIZ ML TWS EIREL, RO ZV v REIVICEZR > TWAHIGE %
ELEDES. T2bb, MROZVU v FE)L CICER LMK A, A, -+, A, ITDOWT,
ZNThOREDOMmER S, S, -+ ,Sp, NRDZV vy RNV ERBMEEE 51,59, -, S,
T —Rl% x, 29, 2, T BE, ROV Y FEILCDOTF—XEX ZRD LS ICHE
H33.

21



e-Stat TIME Mapbox [EF

JIvREI l

7")wl¢‘t’)bl

X = Zxks—k (4.1)

Mt 7 — X e LTRSS 2L DZVWEREDLDIL, JUBEREDEREZDE2 D
DHZLIHEL, ZNODEEIRAMINTVS e-Stat 226, FXAA VHGERZ D LICTHH
WA ZBIRTEZ 5 K51l tid, RELAREEZS.

htis% O BR FEREREE £ IR DB

TEIERY ¥ VILOMIFIZOWT, NAVITIME B R 7 LA ¥y 72T\, figtthe,
ZTORELIRERIRTS. RVAXATLTIE, ZHAZNDOI vy LTI, XMRDOTV v
R cEEh 28, mDIELICH M E TOHEMEHEERE 375.

%y, HIKIIEMAARTH 2720, Biliha—20 vy FEERHECITRENETCTLES. 2
T, RYATLTHEL 2aR=DORK B3] ZHVWT, EHzEHBLTVS. HRDIY v
RV DHLE P,(2,0, ), FEHT %% P (2,,y,) 358, TH5 2 O DX
DIRTKR%E 3.

D = /(D,M)? + (D;NcosP)? (4.2)
Aﬁz&gﬁgﬁ (4.3)
N:%§ (4.4)

22



7
¢ Tesss R
{ K, - N | =
{ il l e
RlES = i may [ EE [ F [ G [
& PR RN I N S
mi -'ij,-r'l- - EEEE
* \ ‘ Lo r:-i “HEINESED
"-'-:L'..'Hli.--?i K o o 255
£ .u
g l‘F. gy —
. y - il e Sl
) ‘ -
\ ‘ ‘ BRI
% % JUYREILORIL
= . A © 2vEZTYZZEY XY 33— F | EEBROERL | BROERL | - | J—FE ] TR | -

553771821 0.23 0.45) - 15, 17 -

AYY10—R | AVEZFTORER | IVEZDIbE
553771821 354 2

- N N . Y . N E‘ CE: N §\H IR
¥ 4.2: Higk T — R I2HS < FIHEK (X 4.3: HuXIHE 512 5D < FHIAZEK

1 — E?sinP? (4.5)

R2-R?
R

E = (4.6)

ZLDADET IR T VLY vy —fifkes ay ¥y 7 E—Z, IR - 55 1K L 72
DTV, IS, NGO DRWEEIGIE, EFRAREERE 2 D185, MiskICBE 3 2 #iHZE
BoeHHIGEIRTE 2 X511l i, JUSREROFRFEIRIDZ e/ TE 3.

HEIERICE & D < SHBAEHROHME

Mapbox Static Tile API ZF|H L T, ZH2NDX v > 212063 2 HIX {5 2 BiS 5
3. AWIFETIE, BY), EEg, K, ZEHoO 40000 L KEGREEIG L, ThE
NOEBRDORZ XN 2HBED R ZHAZHE LT, ANIC &k 2 BALEMRIIIE
FERIHIT 2. 72 2, ERSCEVOHBLRIRZIWZIY, BHoEEZ, LD
FEZ DIz K, WCEEHOEBLEENREWIZY, LRAPRBELLITWEALDH 57425
X, FhPNOHELBIIERLD DR E125.

NROBERDOHFELE p, 1%, HKBEBROKZ X2 nxm, ZOEZEL[FE—O RGBE%L
OB E s TEE, LFD LS ICEHT 3.

T

.= — 4.

7238, Mapbox Static Tile APIZ & o THUS 3 2 MK HIE, ARIZEGUEZ B
LTWARW., ZD7®, Mapbox Studio L THE L7 RGBHERELRH D7 L2 H
5. 2D, ROV IZELALDRCBIEYE, ThZNDOEEZD RGBEXDL—2 1Y v K
Rz EHL, RINDNIVWERZIEET 5.

F 7o, HIKIE{GRD HER Ry bV =22 L, EICEET 2 EEEHHERE LT
WS 5. 3, B Z2hDNO 2 EEBICEL, /4 XRHIRT 2720124 —7=
YIMERITS. ZOBIRIIH LT, 2y M=% HNT 2703 ) X4 [34) ZERAL,
2 V=2 DBEBUTHE ) — KN, 2o B EEZRUST 3. £72, ZNoh5EEJ,
SEETRE R BZLITOE BOEEBT 3.

23



2K

1= N D (48)
28
k=7 (4.9)

BB, BEdCVFERBER, BEOXy b7 -2 LTARLEE, ZALTARD LS
BREZE SO B3] BEIDPREVERLS Y bU -2, EESHEEIRCHE I ER S
TIRETH D, IBEORNVEGERTH S EZEAONS. T, PR E /NS WVIER
Iy V=2, ZERDDVLVERNERIZNWEEZ NS,

PBNT—RFENT -2 OEAEDLE

ETilR7ZHDIZTARTC, 1HZRZZELLBWENT —XTho/z. Thnble, 1HT
LICBLT 2EI T — &5, 220 (ZV v RhL) il x FiE < B, 3 XTo 75—
TNVEERT 5. K RAT LT, BINT—22 LT, NROZY v KA ZDJEMHT,
WE—EARNICREE UESERAEARC, FOKR, HIRRRE, BKkE, BEEREOXK
7 —2%EHNWS. BIFICOWTIE, LIROBEIEEREHENRLD 2 2 & 58
L7 F72, BEICOWVWTIE, 7222, NeEIBFE-> TV HIX, HIEREZEHS AN
WAL, ZheFARFICHIZEEHESRD T 22, RIELDRIOLILNRERECHFSGF TS
EEZ, FRHLZ.

MEwcED, BAEEICHWE T =Xty NOERDET T 5.

§ 4.2 AYHLT—RIHULLLFRETILOBE

ER L7 =&ty P 2HWT, UREBETMETVEENT 5. LIEIRETZ T —
AP, TEETHZ e 2ERL, KA T L TIE XGboost ZHEMFAEHD 7 LTV
AL LTHWSZ T 5.

XGBoost 1%, 7>V INFEDOOeDOTHY, 2MEFEDGER, LD X5 &iith
THET 5.

1 PHMEy ZRDB. 72721, 0Sy<1ThHDH, UIiEZy=1TdH 3.

2 HIZAR PHIEE OFEE RN 2IRERZ T 5.

3 HIERE THEOMAED & — FOHIEEZRD 5.

4 %/ — ROHNIEL & FRHEEZFIH T 5.

5 TREE HIWAER Y OERGHET 3.

6 ZNEHMZEBIC L. BHAR Y Tl OREL RIS T 2IREREHET 5.
7 2~5EMEDIRL, MERR/MET B XD ITERINT B HED.

Ul

24



B ﬁ
Borutall &k DA HIDER

W

OptunalZkBD/N\TINS A=Y DIFFHR

W

XGBoostIC LB FRET VDI

ERNFELEH VT

B 59670530V ITRIRINE
BFEAFEELTVRWG T

X 4.4: THRIEFALERIERT 27

BRI VAL I BT T DR

YR T — RN T 27 T —FDUEDRT VR =B TV IRBH 3. KIRATF
LT, LREIPIFEELTORWT—ZNS 7 VR LIHET 2, SVELT7VX—% 0T
VY7 EITS.

L LEDS, LHRIEERY bRARy b EMEENZBEERDH D, RRE DD 72 »Hisic
ZLFET AEMDND 5. ZDDHEMIC, LIEPIEEL TVWRWT -2 %, LI
RELT —ROER IR LR BT VI RITo7258, THINSGOH
BERCH LT, 7T—&2ty MZEINIHIBOEGIZ/NE LD, FTHEEN ML &
ZRREMEDE Z b 5.

KA TLTHWE T =&ty M, 1 HEOKREEZ S o Twa7d, THZEIZT
YELRD YTV TRTY, BT =2ty VRENT A, Zor %, JLIEDH
ELTOWRWT =N3> ) 73 28%, FHKHEELZT—20BeRBICLT
DT 5.

Boruta | & 2 SiEAZ D EEIR

K ZAT LTI, T—VDPHBHICHHAZRZERT 2 2 e TE 505, @EICHAZK
DEBKEPo7D, HRNZHREHENPRWHHZERRZ D 5, #EEREICE-T, »
ZOoTCTHIRBEMETNLTLES AIREMDRH 5. 22T, KT RAT LTI, JLERETH
ETNZIERT 5H11Z, Boruta [36] EFHIN S 7LV X A% HWT, #EY)REHZE %
ERT 5.

Boruta @ 703 A LlE, LUTFD LS RIBNTH 5.

1ddbeDrT—IrZ2av—L, e vy I1LT3. brDT—TLDOHHER

% Original features, ¥ ¥v 7L L 7z@HHZE % Shadow features EFERZ 2125 5.
Z D& %, Shadow features &, KA S HWERHIZHFEG LRZWITTDH 5.

25



1.0
1 0.8 FRIfE
a 0 1
#* o6 - 0 Y FP
&) R FN TP
3 04
& g
S o2 , "TP+FN T TP+FP
~ ideal curve (AUC = 1.0)
—— = 2TP
0.0 PR curve (AUC = 0.969) F,Z07=
0.0 02 04 06 08 10 2TP+FP+FN
BIRER (Recall)
X M - &, I :»‘g W N —1 4= = ¥
4.5: PR-AUC 27" Z 7 fji] [31] 4.6: IBFEFTH » S E

2 Original features & Shadow features ZfE& L, 7YX L7+ L X M TETNAZIERK
T5.

3 ZDETNMIBVWT, ZNEFNOHMHLEEOEEE A L, Shadow features I35
JFBERARME LD B RKEV Original features Z B2 % (hit 33) .

4 FJVEL7 ALV ANOWEIZED, ETAEENRT 2 ICHEEIZZLT 579,
1~3%ZnE< HiRT.

5 4% Original features IO\ T, Shadow features DEEE ¥ [F U Z & Z IR, X
DREWV - XD/hIVZ 2@ L, hit LA ERERRT, p=05L
L 20 H e HOWTHRIEZITS.

MUE DFER, FREHZED, Confirmed, Tentative, Rejected D 3 DX INS. AP X
7 L TClX, Confirmed, Tentative ® 20%, FHAZKE L THWS Z T 5.

Optuna lIC & BNT /NS X—R2DFEER

ARIFFETIE, BMEE DO 713D X4k LT XGboost ZHW3. XGBoost 1%, &3 5
BR, INERDESCRARE, FEBREEWolz, BRENIE LR TIUIR SR WIHE (N
ANRTRX=R) BHEETD. NAFX=21F, —RIREBIIFEERS, 77—
RO THEENPRZLAR2DDZERRTL20EDD 5.

NARTRA—ROBYRIL, SFIERTNLITY XLAPRBEINATWESD, KT AT LT
X Tree Parzen Estimator (TPE) ZHwWw2 e L, ZHzFfHTES 7L -2V —7
“Opuna” ZH W2 Z 2125 5.

TPE 1%, ZHLETLOMIGREEL D 212, XA ARELICE > TN T RX—&
PHRRTZ2HIDTH 5. T VLDOFMMBEREIZIX, Area Under the Precision-Recall Curve
(PR-AUC) ZHW3. XGBoost IZ & o> TIE SNz 27 EIT5ETME, 0Sy <1
ZHNT5. ENCHVIEH - AFIZIEL S FHITETWE 28500, LEWEZED X
IWCRETEEIMICEAEEINS. PR-AUCIE, #E%E (Precision) & HIH#E (Recall)
ZLEWHEHZI KRR L, @ERLHE, HHERZ2HEe LT ey bl zo, T
WHHHETH 2. 4B, HAERLHERZ, thzhl o L5 BN 5.

26



TP

Precision = ——— 4.1
recision = s (4.10)
TP
R€CCL” = j—'_P—{——_F']\/v (411)

2T, BHAHENER DS DIZOWT, [EFlE UTTFHIL 7280% True Positive (TP)
Bl U TTFHIL 72E% False Negative (FN) , #HHEHEDERF DD DIZOWT, EflE L
TTPHIL 728 % False Positive (FP), Efil& L TFHIL 728 % True Negative (TN) & &
3. FERRDIEIE Y LT, EFMHE (True Positive Rate) Z#ftdl, 5512 (False Positive
Rate) % #iili ¥ 32 Area Under the ROC Curve (AUC) 2% %53, AUC-PRIZIEHIDOT
HNCHERZ Y THEETH 2720, NIRRT — 228327 LVOMREEZ X D M
W22 ZEDPHIRFTE 3.

Rk, @iy 7Y >y, BXUFHHEROBERZToT -2ty b %
FAWT, FRRICK > TRRALINA 28T X=X T XGboost 12 & 2 JUFEFRAETHIE T L E24E
KT 5.

§ 4.3 IJEFEREERODAWRIL

LHRRETFHETAZMEHL, 7V y REALTILEPRETE2TFHILvy T, H
AT 2ERZR LI~y T2IERT 5.

FREEZ&KXILT SREDRE

PLIRRETHETMC, BIHETOLRERET —XZANTE. Zhozdbric, Y4
HIZILIENRET 202 THIL, Z20/RE~Yy T LTRRTS. 2IT, ETAHDS
HAXN2FHEy 10 Sy S 1THD, YOFIEy 250 F/RE 1 ARTH, Z
Dt ZIRET Z2RENDHS. 22T, BEWCHKELLLERET —XEMIEH L L,
t =0.001,0.002,---,0.999 ¥ L7z ED F, 2a728HT 5. &K, &b L Xa7
MRKEL Bol 2Ot ZHHT2. B, LAa7E, UTOrBhEHT 3.

Precision - Recall B 2T P
Precision + Recall 2TP + FP + FN

TRTDZY w RIS 5 FHIEy 1 LT, FRALZBEL D y <t THIUITHI
EZy=0 y>2tThHhUIy=1L, vy 7 LIZFRT 3.

F, =2

(4.12)

PLEREZRDAIRIL

LIEFEETHET LT, SHAP Zi#HT 5. SHAP X, ~Z7 uRRFETHD,
QDDA VAR Y RIZOWT, ZNZENDHIALE D SHAP [ENEH XN S . JLIEHE
B~y TEERT 5 & 212X, BEOILFERET L2 AT T 5. BEDILFEHEE T —
X, ZEfEl < FE < RERED 3T TH o7, ZDH®, TS TRT% SHAP IZ#H

27



A=

» —
g %ﬂﬁHB'J S
R U:w b3

»

3l
FHEFI =@

S

REWIZ %
&5t
siae s { ﬁ |
&t 1056 *
0 0se] 0.4] 04| 0] onf e
| R—/{— (BIEERE) : 034 s
5 086 0.6 0% o8| 07| ow| 1.9 sswomain: on |
] 000 om| o] 0s0] 03] 00l 019 B8 @R oz i
'g 0.00] of o o2 0.5 0.4 0.3 3545%;;»‘-‘-“‘““-"
/=F 10.05 /7
+ 06| no| oeo| oo oso| 02sf 219 | Emm i ¥
v 058 049 oo | 03| 011 055 0.6 | e - oo S
030 038] om| 02| 08| e .0 | B (ammm - 02 /
— SR8 (RSEIEAD) : -0.25
> o |
SHAPi& | - :

X 4.7: BR~ v FEIERT 2N

7 4.1: SHAP{E7— 7L D
Ayva1d—R| BRl @ BR BRI BRI EBEH | At
000071 0.32 0. 42 -0.2 0.1 0.04 0. 68
00002 -0.23 0.1 0.23  -0.31  -0.5 | -0.91

32k, 3RXRTOZY vy REMIHNLT, THHEIZN S 23ZEO SHAP {625, 1 H
TriEHIhEZ IS,

ZDEE, THZ A LZVWENT—X I2bbEMNY X7k h182HET,
SHAPEBZ L LW, 22T, XNz SHAP T — 7687 — 2 2HIERL, &
BIZ, 7V FRAZEIZENT—X%2Fedsb. Uk, z2hrhoZ ) vy FEL
ORIV R 703, LHEEECENSOVEEL TWE2D0 2R LT — I UMBERT 5.

SHAP fEIZINES 2D > TWab., 9% h, SHAPET — 7 LORITOERIE, Zhzh
D7)y FEARERY Z271I2&>T, ENRTLREPREET VR IBREVLER
LTW3. ZLT, ZNFNOBEZDEIZ, ZOEMNY R 788N HWILIREREITE
HBLTW3DO0ERLTWVWS

7zt 21X, ROOZHE LTATAS. £IATOINCEHT 2, LoV vy FEUZ
LEPEELRTL, TOZY v FEVILEELIRELIZSWETHILTWS Z 23 9h
3. F7, RBEEDSHAPHICEHT 2L, L0V v FEVIIER2PRDILTFEORE
WHELTED, TOZY vy R L TIRER4DRDHICTFEOREZ IS 2 EHARH 2
t# G, kD Iz, GIS kicrfifbs 5. KERICAIH{L L7=F%2/~R3. SHAP A

BEDRELRBIEE TV y REILERLBBL, NI RBZIFEELEBT LI LT,

;Tﬁ%#%ﬁb@?h@#% P DAk 5. £, ENERT VY REL
Vw755 T, FERDSHAPENKEWVWIETHR REINS. -2 21F, KEaon
B TlE, A= %=t OFRMEMI RDILIEREICHEL TE D, KITEBRERE » o&EHE

28



&t : 2.61

2—/\— (BIEEERE) © 0.73
. SR (RITIERE) - 063
HEH 1 0.53

ey 2 YavEYIE-I (RISER) © 0.46
v £l /] AO: 045
Z 815 (RITIERD) © 0.32
4 B (RIEIR) © 019

EEMOERALLE © -0.02
BYOERLE : -0.06

:
| /—F% () : 008 !;;
5

aAvYE= (RKEEERE) © -0.09
| TuVH (EE) 0412
| R (RIEEEEE) : -0414
EEp (RAEEERE) 035

] 4.8: JL5¢ v 7
X 4.8: LIRFAER~ v T O X 4.9: %%EFED SHAP [HOH

B, BN TWS, W, BEEG Y OREEEE, B OREHERX, JLIEOFREI
BOHEREZ TWBEI e 0h5.

ARFFETIEZ DX 51T, BHFAEIC X > TER L 7ZIBIERETHIE T LI LT, IR
FHEO—ETH 2 SHAP ZHEHT 22212k >T, ZRZhDZY v REALFZEALS B
PLREPBELLT VDD, ZNTHOBERPENS SWHEL TWED0% GIS LICAE
322 22&koT, RAEZBIZTHIORRELZ D 2128 e — 2@k 3 27210 T3z <,
D7 Ta—FroLEEMIET 222X RT 5.

29






PERBRLVICEER

§ 5.1 HERBRDOBIE

ARETE, EREOLFERET KX 2HOWT, 4B THRRNLFETLERETHET LV Z2/E
L, ZOREZMR, BRUOERZITS. £k, ZOTFHETVZHWT, EREZAH
ftL7e~y 72ERL, BEEZITS.

PLBREET—X

SEIOFEEBRTHER T 2LFHRERE T —XZ, BILEZERANELTWS USERE~ Y
7 B SER LS DR VS, LIRERETF—&I2I1E, F—KEEE LT FEERI),
(GRME ), TR GEREE, ) MEINTBD, HiEHEH# ), T0-72< by, H ER
SV, MRSV, Thweo ), TERT, D&, &4 iR o 7EHEOK
LFEBEFENT NS, T, SHEFEHTZLa—FiE, 2000FE9H 1 HH»5 202089 H
31 HO#M 10 EM & U, BAERZSLHAEGFMNAE (RIESLHHANZY) RdDERAN L
258141 TH 3. ob, NEFERE~y 71 1E, 20X 52z HRNE LTEL T, B
SNTWVBIHFRICERESCRIEDTFAET 2 [EENH 5 Z L ICHERE I W,

T8 D 22 72 FRARFE 13— 3538 500m D7) v Fov, BERIRREREIZ1IHE 55,
7V vy R LDFEAEY LTI, HAEHEREX v 20270 1R v > 2 28 L 7.
B, BHRCEENZ 27Uy FELZ1T.031LHTH 25, 7—Xty MZEEZNS 104E
BICILFERFELZZY v FELIEHN 184 %D 3,126 TH o7=. ZHAHND ) v Rk
VT, LEPFET ZAEEMEIESEHDIB O RNEVEEZ, THITEINRDOZY v K
X, FD3126HDAYL L.

F—=R2tv b

FTHN AWV 2 EIAZRIE, RE3ITRTE 65 e L.

3126 D7V v REMZIDONWT, FNT —XE2F DT — T VEERL, ZIUIHIR
T—=REBMLIZ3IRITDT —INVEERT 2. FRIETVORBEEZRAET 5729, 77—
Xty bDS5H, 20208 A 31 HETO 104EME¥EH, £ LIED 15 A% MEEH
¢35 (KeEozk) .

XoT, ZORRICBIZ2T—Xty hoLa— RFEIX, N =11419278 ThH hH, RB3
WBIBENGEEr X, r =~ 00023 THS. 22T, ¥EHT—RIZOWVWT, VX rY
VE—H T T EBITW, N =51065, r 0477 £7%o 7.

30



F—Hwh %51 7_"&'{2‘/ ]‘&:Eih%g—é*i
2010£981H 202098318 A7dU FEEFEL
(SEIRE=RAE < 13121
100 | 1h AR o
ki BT - DEF &L 6760
IR
T swewn 202059818 FEESL 5211
A 3968
[ BFEFREETH ] FiRIFERE ZAREE gﬂﬁm;‘:‘)l’\ 690
HuLtED 401
X 5.1: THIETFNVERILES 2T Uo7<Y 59
f [}
/ 8 J
-\_-"'_.'-_;.__‘ f N —-"5.., 1
- . . !I/f '-.‘“‘".‘__ ag - -.‘ ’f/":"‘-»_‘_‘_‘_-‘-
_\h\ L5 I-‘," . N i / L
/ o __/./ ‘‘‘‘‘‘ .ﬁ," A ~".‘~.‘-J§ ______ ==
f Y , Hillb -
! L
.r‘l /’ "’ -_ﬂl' .. /! 6
§ X A \
5 B 3
b _+'. n 3 174 . 4 \‘\ >
X S > P Ira \ 3 N .

X 5.2: 20209 H 1H (%) 22H () OFHIkER

§ 5.2 REFERCEZE
FRETILDEERRE

MEEFH D7 — 2 2 HWT, 1B L7 ICIRRETHIE 7L DFEE EMGE L 72FERE2 R 6212,
EHIIC BT 2 EBHOFHRERZ MRS, LEBIFEELTV v FeL, BELR
MolzZ Uy R iz, IELL FRILMESR (ERER) 300970 Th o720, FAEL
7270y Rk, BET2eTHILMR (HHEE) 13040318, FET e THILZS
Uy FeLT, EBRICHRELLMERE EEHE) 3N0.018 THo7. ThOL, ILENFE
L2WZ )y FeEVEIHBWELL FHITE TV 500, LRERBIBELTVWE IV v R
TIZDOWVWTIEE, ZREBDD T VX alefRioTwize LThH, EHNRKEETHS L
FEIEWZ WSR2 o 7=,

OB LT, N2 THo23L91C, ZO2HBTIEESREET e TFHILEZY v
READZLTWARY. REIDSH, KEBTEHEELLHHZEIE, Borutall k- THE
RENZBDTHEZIERLTWEYD, T L5112, 1HIZ &S %5H

31



72 5.2: MGEEH 7 — &1 X 2 THlkER

FiEl{E
A N HER 0.018
B% 0.318
e 0 70946 2677 ;?jfi 0.035
8 1 107 50 ’ :

ZEDOH, BRI DIF HRE 1 2HRBOLFEREMHE OATH-7. DD,
ZDEIRENT -2 LT, BT — 2R TRIEICHS T 2EEN NS, &
DOFHETIVIX, 1 HIZ 2 IZFHESZ(L LIS WAREERE Z 51 5.

FHI Y R 27, FROGEERIE 2 WO ILSEORHEX, RERIUFEHEOERE D185, %
D=, BT —X T —X 3T, ZAFUIH L TCTHIET VEREL, §iE
DOTHETNDOTHUEICH L TEAD T ZITI ZIZL-oT, 1HZ X TFHEZ KELE
ftxE2Z8iICkoT, THRBEINREST ARV H 5.

F7z, RIE2ITRLTWAHIEICE SN S 7V v REUEIH 550 ETH D, FEITILFEDR
FELEZV Y FEVE3~5ETH 2. Tbb, Z0OEIEIX0.01 2 FAlS%. KRFELTIE,
B 7 7a—F 2470, ST — X THo T, FFZEBINCHEEEDOKEVWTHlE
752 2Bf L, SEOLERET—XX, ZORAZEZITEBD, ZATHRE
FEE DA L RIAD e o 72 A]EMED D 5.

ZDD, TORERE LT, LREIBETIHEEE LA LT, BEHRAMEE L
THOI/S Ze BT o3, BRERMBEL X, BHLWEEREID D Din,
Fol Ve B, EERFIOAZHWT, BELRHIESLZG»ZHKT 2 TH
3. BERABEZE DTS 2DICHWE 7T X LE, BEZRIZHREYL LW,
Mg A, LI, Fo R nT—XEFHEL L TWA I THD. 2D/
B, LEPIFEET2HEREZFe LT, RERAMEE: LTFHZT> 22T, BED
M EDARFTE 27255,

LRREERDARIL

Rz, 2EBHAT—22HWT, FHETFVCSHAP ZEHT 22212k, FHlET L
EAAULUMERE, KBEBIORT. 438 TlRNE X511, 202D 7Y v FEILIcH
HXATWSEIE, SHHER (B, RNV XZ70DA) OHDO SHAPEDO G Z R L
TED, 0 2HEIL, RELRBZEFCEVWREIIZ, NELKRZEFEBEVWEAER>TWVS.
B Y R 7 0AZHME L TWS72%, SHAPEOEGX, Z027 U v R LDBERR
LIRFEV R WA D ZENTELESS.

5, XEHAT X2 AN L ZOFHETNVORBERLELINORT. 2EHT— &I,
LRPFETZHE LWFIBIEE A LRBEREZ XS5 T VX =27 Y 7 %iToT
WbZY, FHIETVEMEET 2 JIEH LD, BHERIEIN0.842 t KE o Tz,

72, KME3IZBWT, FRETRLEZY v R LOLFRERAERERZ Ak LA R %,
—fle LTKIBEAIZRT. TA6DZ YUy FELE, BEELTWADIZy bbb T, A0
7'V vy FEL® SHAP HOGER, TRHROBILFENRET 2V X7 0EFHE, £OJ7V v R

32



| Af:ios6

A=){— (RIEER) @ 034
LEMOmMLEE : 0.29
®MMA (RiTEM) @ 0.22
— R 0,

IR 013

L3y E—)L (RIEERE) © 0.06
J—F#¥ (E) : 0.05

IR : 0.37

| vayEySE—IL (RITER) 034
A=/N— (RFEEERE) : 0.33

| BYoOmELEE: 0.24

L oAOc: 04

f Iysy GEE) o0

TTE ""'mr:q-*-*- -g_‘i
B

Ty (HB8) : -005 | N e (mam) ;008 i
BMOERLE  0.07 EIEUS (SR : 0.05 k
AxE= (RIEEM) © -0.08 | s
P = | /—FB E;‘!ﬁ)ﬁé)-o.oz B
SIS (WIGER) © -0.24 & | A¥E= (B 101 B

| B8 (RIDEERE) @ -0.25 S R (RSEEERD) : -0.28 Fa:*

5.4: FFED 7'V v FEIVOERZ AL U745 E

LD 345 ETH S e B EN. ZONREZHRT 5, HOZV Yy FEALTIE, £
D7V Rere U T, Fic MwEy , THEY (RAEEHD ), T5ms (R
D SHAP{EXEMLTE D, ZDEIE, 2024037, 0.3, 032 Th-o7z. ThbbH, A
DZV Y RerF, EDOZY v REL AT, HEnE Ny, £7-, Bl Eig
BN (B LI, Ty REALANCHZ) ZeMLHRORECHFS LTV, &
WOHIRZBZ2Z N TEBEESS.

B, KRR TIE, 7—Xty b UTHERALYE, FdnfifbIniiiiEfie I
K CARE LD ZITo 7203, HL ETH PHMEICH S 28HZE O TBEF%RME) 2/RLT
BY, EBRCKRBERERIES 2720121, RHRHEGREOFEEHCIZLERHZ L
WHERTIREND . X512, MIRINMAERIZE, THETLVOBEICEGINS 2D,
ZORENPREVIEPHHRER > TWVWAILICHHEEIRETH 5.

Lo Lads, B ZDEMClREICEELLREOHREZHEL, 2 ZIXILFEIH

33



LTV WS 27200 TR, PHMEICN S 2 8HHEROEMEZHNL, ¥
DEIBRBEZEIMLROREICHFE L TVWEIDR, TREFEHGLTOWRVDR, ZOMh%
b2 28T, LIS BRI BAMAZELNIREEDLD 2 Z 1k, KRB
23ROV DO EZEEAS. —HT, AL 2BROBED VP Rr6TEE
LIk sizwn, 22T, SHBOBEL LT, FHETALENXT, EEOF— X
LEMIAEZHMOEMEZEHL, AfitT s ZenZBifonsdzs 5.

34



5.3 M, BIEERINLHALEE R

REARIJZ D

18mAMmALEIS
65mIU EAOEIS
HAEAADOEES

BERMEIS
BREEHEES
IERHBEERS
IFIERHSBEES

AVEZTI R AT (RIEEERE)
BR(3THbER)
BR(RIEIERE)

"R

EEOSR
SEEES S
k=

BEEESS (T
BEE15 (R TEEERE)
Biimis (T2

Brémis (R EERE)

BETHEDIEFEREAREL

BETHBEDIRTEREHE
KB (F=—ZH)
BRI -EH

ERAHES (TLHhE)

BOERLLE
EEHOERLEER

IKOEFRLLE
/—FE(GERR)

B GER)
FERRE (GEEE)

TvIHOGER)

REFENRZLITOAOSIE SRR (REEERE)
RIEFEENESROAODSE TBE (ILHIZY)
RERFENKFLLEDOEE TBE (X2 iERE)
BEEFHSFEARROAORS T )L (ZLHE)

BEEFEH20FL EOAOEE T (ERFEEERE)

—FETHFRS A—IN——/7y = (IrihE)

P Y5 B
BBV avEE avE I E—)L(ITHhE)
BRRODMEIALLE v IE—IL (ISR

T IN— (22

T IN—h(RITHERE)
BRE /RBOQADHH)
BERE XHE(REER)
INFRL(SLHIERD)

INFR (BRFEEERE)
PRI (SLHDER)

e (TR
BRI

K (L)

K22 (TR

REE, (T
REE S (R
LY — R (80

LS — R ()

Bl BorutaicsoTmRENESEIER



HHDIC

AZETIE, FCkZE ISR EA XN TV S HBEFILETHEICOWT, LEIRET
ZHEER/NZWODBEICBWT S, @YKy T —F %275 28Ik o> T, B
BEDORKEVWTHIZEITS FEERE L. £, FHETUIINLT, BRFEEHVS
ZXIZ&oT, FFEOHIEZ LI RAE T2 EREZEH L, GIS _Licrfifks 2 FiE
PIREL. T/, FHOKEZILIZEDZDIC, MetT—REXotr—7r5—&
DIEFIZ, HIKEGRE WS IFEE T — X 2N T2 222K -T, 20 7 OHIERZ
KB EME Lz £/, FEXF—2a P —UARLRAZ LAY T RT3 814D,
TFEIFERY ¥ VDM T —XEEE L, LERETHET NVOEEICHHL .
BUEEERTIX, BILREZENNHLTWS UERE~ Y 7 2 OL5ERE T — X B H
BL, RIFETIRBL TV FEEZHWT, LERETFHET VERMEL . FZHICHH
Lo 7MGEH 7 — 212 & 2 THIE TV ORBEDOMEETIE, MEDW L FHIFE TldR
PolebDD, THIETNVEHEET 2BEORMBEREIC KD, MKIEG» S L 2EY
REXMOMBELE, EROZ Y PEMLEOREICTHFG L TWE I eghrh, HKHE
B0 5 DFRHEEIX, THREICEOREREZ 2 0hol-.

¥/, PHETAVZHRT 22812k, PHET VT ORI TILFELIREL LTV
CFHILTOWED, 72, ZOERIEDES R DREO1EDH DT L AL 7=,
ZD®, e 21X, ZOMBTIIENIRE LT, FICERIPERE O & HERED R <
HELTVWEDD, ZOMIBICH 3EREE TR S e — 1 L, -tk IcE
BIGEDOR D EE DT 272, JLIHRIMEANDOH=RAENIELNE Z e NAFTE 3.
SHOBEL LT, E3THBEDOH LA ITFoNS. ARROFHEICIOIER LT
HETFT X, BT LDERAMNELIEIERAT, WEPRLRETH L. 722 2F, SFEXERY
VIV TFER, T INANFEEDOTNALTY) AATHEB T AHERHZE5S. £7-,
PLIRPRET L e Z2RBERLEREL, BEMAMEL LTTFHTI2ZdEZILNS.
7, BRI, THETAMCESS DD TH-72. Thbb, ZOERDKEE
BTEHETVORBEICEAINS. 22T, THETAEZNET, EBEOTFT—XDATEH
Kzt 2 FEOHEOHRED UV DOTH B725 5.

X5, BREFREIHEIICEELTHILZD, BREMIETE 2 X5, R TER
L7eFEENY VLY FIZHDDV AT LAEER T2 28, SROFEE LTI 3.

36






S

AFEE BT 2I2HT= D, ZRRTHEE & ARY) TSR ZHiRE 2 15 - 72 1ILRAT Y
TR T - (Bl LA RHE IR T O BHTE 2 #4%, Anténio Oliveira Nzinga René
AR ELZHEZRLUET. RIBRICRD E LD, 2REHIEZ L TOERIEWEREE
DR ZEFE I L £ 5.

2023 %2 H

37






SZ 3K

[1]

2]

8]

[9]

[10]

[11]

[12]

[13]

PRI, KM, SHAN, A —F 7 —& 2 LSTM % AW 0 IRFHAE O FHI B O
RIS B 255, [F#, Vol. 16, No. 1, 2019

EEFEYILIEEZFT (UNODC) |, "dataUNODC”, https://dataunodc.un.org/|, 2023 4
1H 10 HEE

Cohen, L., Felson, M., and Land, K., “Property crime rates in the united states:
Amacrodynamic analysis, 1947-1977; with ex ante forecasts for the mid-1980s.”, Amer-
tcan Journal of Sociology, Vol. 86, No. 1, pp. 90-118, 1980.

Sherman, L., Gartin, P., and Buerger, M., “Hot spots of predatory crime: Routine
activities and the criminology of place.”, Criminology, Vol. 27, No. 1, pp. 27-56, 19809.

Groff, E., and La Vigne, N., “Forecasting the future of predictive crime mapping”,
Crime Prevention Studies, Vol. 13, pp. 29-58, 2002.

W, JUIBOHAERE | FEmHRR, 2016.

KINEW, “BARIICE T 2 B AILTE T HITFE ORI T 2050, RIERFES X T 4
THHR LA 7T RHE 5w S, 2020.

FER, RZH)IH—, YIRZHRMEDOTRNCED S HIE S b v — LRI T 38 %R7,
b 222 Em R, No.31, 2017

{ERAFNEE ) “RNRDWEDIZBHE T 2 JLIRFEA ST O HER - MIRIRY . M E R
AT L% iER U220, SLanfERFEASFE R, Vol. 649, pp. 197-205, 2017

ACRIFTEE “KERFIC B 2 AEE EEE RO 771 Risk Terrain Model % F W
FZARFRY A7 D~ v V2 77 SR RFEANEFES, Vol. 656, pp. 708-720, 2018

A, )IAZE, BEE, “EHREIRE T L Y R ES EFRFHI?, N THIEE
FRRIRERTFE 2, No. 109, 2019

PEEN, BB N, “F — 7> F— X B RV EEYE I L 2 NERETHORS, &
At HVE N B AE TR ESE S # i EER SR, No. 16, 2017

A, “FR 30 ERRIESEEZE”, https://hakusyol.moj.go.jp/ip/65/nfm/mokuji.html,
202341 H 10 HHE.

Giménez-Santana, A., Caplan, J., and Drawve, G., “Risk terrain modeling and socio-
economic stratification: identifying risky places for violent crime victimization in Bo-
gota, Colombia”, European Journal on Criminal Policy and Research, Vol. 24, pp
417-431, 2018.


https://dataunodc.un.org/
https://hakusyo1.moj.go.jp/jp/65/nfm/mokuji.html

[15]

[18]

[19]

[20]

[21]

22]

23]

[24]

[25]

[26]

[27]

Bogomolov, A., Lepri, B., Staiano, J., Oliver, N., Pianesi, F., and Pentland, A., “Once
upon a crime: towards crime prediction from demographics and mobile data”, In

Proceedings of the 16th international conference on multimodal interaction, pp. 427-
434.

Gorr, W., and Harries, R., “Introduction to crime forecasting. International Journal
of Forecasting”, Vol. 19, No. 4, pp. 551-555, 2003.

Ratcliffe, J., Taylor, R., and Perenzin, A., “Predictive Modeling Combining Short and
Long-Term Crime Risk Potential: Final Report”, https://www.ncjrs.gov/pdffiles1/nij/
grants/249934.pdf, 2023 4 1 A 31 HEIE.

Taylor, R., Ratcliffe, J., and Perenzin, A., “Can we predict long-term community
crime problems? The estimation of ecological continuity to model risk heterogeneity”,
Journal of research in crime and Delinquency, Vol. 52, No. 5, pp. 635-657.

Sampson, R., Lauritsen, J. L., “Violent victimization and offending: Individual

situational- and community-level risk factors.” Understanding and Preventing Vio-
lence, Vol. 3, No. 1

Crowe, T., “Crime prevention through environmental design: Applications of archi-
tectural design and space management concepts.”, Boston: Butterworth-Heinemann,
1991.

Gorr, W., and Olligschlaeger, A., “Crime hot spot forecasting: Modeling and com-
parative evaluation, final project report. Washington”, DC: National Criminal Justice
Reference Service, 2002.

EKE, SHUCES S BER IRZD DD F — 7 > 7 — 2 ZHTEH L 72 Web-GIS AR
Rk 25 —% 72— a3y, BILEN KRF2ELTR, 2022.

Alberto R. Gonzales, Regina B. Schofield, Sarah V. Hart, “Mapping Crime: Under-
standing Hot Spots”, https://citeseerx.ist.psu.edu/document?repid=repl&type=pdt&s
doi=06h4dc6a56092493439tat0F5367293ccast00b7#page=T, 2023 4E 1 A 31 HRE.

Gorr, W., and Harries, R., “Introduction to crime forecasting”, International Journal
of Forecasting, Vol. 19, No. 4, pp.551-555.

Government Technology Magazine, “The Role of Data Analytics in Predictive Polic-
ing”, https://www.govtech.com/data/Role-of-Data- Analytics-in- Predictive- Policing.
html, 2023 4 1 A 31 HEIE.

Nathalie Japkowicz, “The class imbalance problem: Significance and strategies”, In:
Proc. of the Int’ | Conf. on Artificial Intelligence, 2000.

IR SE—, “RE—ILT — XN & IR, 4 — %t 2022

39


https://www.ncjrs.gov/pdffiles1/nij/grants/249934.pdf
https://www.ncjrs.gov/pdffiles1/nij/grants/249934.pdf
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=06b4dc6a56092493439faf0f5367293cca3f00b7#page=7
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=06b4dc6a56092493439faf0f5367293cca3f00b7#page=7
https://www.govtech.com/data/Role-of-Data-Analytics-in-Predictive-Policing.html
https://www.govtech.com/data/Role-of-Data-Analytics-in-Predictive-Policing.html

[30]

[31]

[32]

33]

Open Knowledge Foundation, “Place overview - Global Open Data Index”, http://
index.okfn.org/place.html, 2023 £ 2 A 23 HFH&.

BRHE, R Al Zh kT Zhh s, EFHEREFYS B - HERY
H# A4 L7 4+ Fundamentals Review, No. 16, Vol. 2, pp. 83-92, 2022.

Fx Dotz Bh, FEBE 2 RS 2 50, Bafatamtt, 2021

Scott M. Lundberg, Su-In Lee, “A Unified Approach to Interpreting Model Predic-
tions”, Neural Information Processing Systems, Vol. 31, 2017

HHAME, HIEES, SHEE RERR—ZEFILOMBRICEIT S SHAPHEOHH
HomaEr, N THIREER2E R, Vol. 34, 2020

SR, SRR R A7 3 D ORI A, A XL =Y 2 Y X - V¥ —F, De-
cember 2015.

“danvk/extract-raster-network: Extract a network graph (nodes and edges) from a
raster image”, GitHub, https://github.com/danvk/extract-raster-network, 2023 4F 2
HT7THRHE.

MEAN, “EHEOLGEL — 7> 7 — & & HPRRHEE 2 FIH U 72830 X 24058
RO E e TR, RILZC RS IEHR AR ZE, Vol. 21, pp. 109-119, 2022

Kursa, M. B., Rudnicki, W. R., “Feature Selection with the Boruta Package”, Journal
of Statistical Software, Vol. 36, No. 11, pp. 1-13, 2010.

—@EE, 11 EWEE ORI (CMEDE 22 7 X0 2EREL X
5 [ TensorFlow 2 + Keras (tf.keras) AFY - @ IT”, https://atmarkit.itmedia.co.jp/
ait/articles/2103/04/news023.html, 2023 4F 1 H 31 HHE.

EINBEER “gFIHBRER JUIEFE~ v 77, http://www.machi-info.jp/machikado/
police_pref_toyama/index.jsp, 2023 %1 A 31 HH&.


http://index.okfn.org/place.html
http://index.okfn.org/place.html
https://github.com/danvk/extract-raster-network
https://atmarkit.itmedia.co.jp/ait/articles/2103/04/news023.html
https://atmarkit.itmedia.co.jp/ait/articles/2103/04/news023.html
http://www.machi-info.jp/machikado/police_pref_toyama/index.jsp
http://www.machi-info.jp/machikado/police_pref_toyama/index.jsp




	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

	犯罪とリスク
	地理的犯罪予測の概要
	長期的リスクと短期的リスク
	地理的犯罪予測とGIS

	機械学習による犯罪予測と要因分析
	不均衡なデータに対する機械学習
	サイバー空間からの多様なデータの取得
	予測モデルを解釈する手法

	提案手法
	多様な要因を考慮したデータセットの作成
	不均衡なデータに対処した予測モデルの構築
	犯罪発生要因の可視化

	数値実験並びに考察
	数値実験の概要
	実験結果と考察

	おわりに
	謝辞
	参考文献

