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Wo R EEIC L > TET 2MEPHVLNTE D
KD BDWHEETH > 7=,

AFFEDOHWIE, BFENRBBEOHEL T —X &Y b
DYV AT TH B, FrxlgL a—REEMEIz & o THER
INBEET—RIZEEHL, H2EE»SERAHZES
WREZEET D, WBEEOR ODERAGICYTIEES L
I— NEBER AV, T—XOEMREOERNRET
NERET D, 72, BELUZETNVEIIT 572012,
DT =2y P ERWEZEREZITS . AFEOEBNZA
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& % 308 2 BEERIN 7R E TV DIRE

(2) BAMT.OBIZIMT. 2 XREESZHET 272004
FED R
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2.1 T—9ETI

AW TIE, La—F (7)) 2@ FD 12k - TR
Xh, AAZERTHENF2EOERET—X2M%ET 5. i
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152% 1 E@%_a T @WJ Texample

User ID Date Time | Goods | Price | Number
1 2010/12/1 | 8:45 | Bread | 1.45 2
1 2010/12/1 8:45 Book 3.75 1
1 2010/12/1 | 20:10 Tea 0.85 2
2 2010/12/1 | 10:03 | Bread | 1.45 3
1 2010/12/2 | 15:07 Tea 0.85 3
3 2010/12/2 | 11:57 | Bread 1.45 4
3 2010/12/2 | 11:57 | Juice 1.25 4
3 2010/12/3 | 15:54 Book 3.75 1
3 2010/12/3 | 15:54 Tea 0.85 10
3 2010/12/3 | 15:54 | Juice 1.45 10

l—fﬁ&ntﬁé BRET OEM X DY 5 5HD%E
&% Dx &L, TIZBII2 X DaA=—7 208 %E wy
L4595, wx =|Dx| THB. Dx DEHZ zIZD
WTC, BRT Cx 23 La—KF (7)) 1 VTV 7 AD
£E5E2 R, 2L, 22T VOEEE2U, £T5. T
ZEAMLL T2V ID 2 KA LEZEALT 22 T &
T5.

fl2a ToleLT, 3 ADZ—Y% (2—¥1,23)
® 3 HM (2010/12/1~2010/12/3) O W E & E 7 — &
Toxample &2 1IZR T BIAE, K4 213 2010/12/1 1
NUEBALTOVWDEZ LR DD S, Toample & m =
10,n =3 DEET—XTHYH, X=Date D& &, Dy =
{2010/12/1,2010/12/2,2010/12/3}, wx = 3 TH 5. %
7z, x=2010/12/1 D& &, R, ={1,2,3,4},U, = {1,2}
TH5.

2.2 BEEETI

AHZETIE, HEZEVBEET IZET 221 —¥ w OEMN
X IZDOWTOBERAH z 2EAB I 2lET 5.

T 2.2 WEEVE R 2 215 20E Pr(x) &

DT IZBFBHE T 5, $hbb, Pr(z) = |R.|/m
Thd. ¥/, TOLI—FN¥m BN X OFFH wx
526N TWEHDET 5,

BT —2 T 252 5 N-WBEHIL, HTEMEHE L
T 2B TOLI—RNITI7RATERLE, T 5
T DIRHADEDI—FOEMELTU, 2185, - T,
N2 RTERIA PELTEY A2 %, o OSMATHE
RELUTIROESIZED S,

EE 2.3 WEEVDEFNE ¢ 2 oMMz (1df)
35N E R Pr(idf|z) % Pr(idf|z) = 1/|U,| £9 5.

32223 &0, HEENEREMH z 2E22 L2,
WEE VT A « » SMAZBANT 2 2 & O RFEHER
Pr(idf, x) 1

|Re| 1

Pr(idf,z) = m 0]

Pr(z)Pr(idf|z) =

THhB. £h, TIT|R|/|Us| = aw EBLE,
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. Qg
Pr(idf,z) = e
EHLEES. q, Tz lZOVWTOI—H YL DFEHL a—
FE[LVa—F/ AN Z2EKUTED, REXOMTIZEHE
BB ER-T. £IT, INERDODLITEHKT S.
EE24 BBz LB EH V- NEE o,
T5. BEXIZBITS a, DFEHZ ax 2EL, axy =
iner a, £T5.
2.2 Texample P Date BEEIZDWTD z, |R,|, Pr(z),
|U. |, Pr(idf\x), Pr(idf,x) %K 21TRT . Texample P Date

EBE0EE, = {2010/12/1,2010/12/2,2010/12/3}
ThD. Wﬂﬁwﬁﬁﬁﬁﬁx:mmﬂwséﬁéﬁg

X, R, = {8,910} TH57%& Prlx) = 3/10 TH
D, TOBERABE IS -V u 2HBATE 2RI

= {3} RO T, Pridfjz) = 1/1 % 5. :@i»,m,
KEEVPERMNHB 2 0> TCu 2T 2MERIT

Pr(idf,z) = Pr(z)Pr(idfjz) =0.3-1 =03 TH 5. £
i, @, =3/1=3TH5DT,
Q 3
P i f — _CL‘ = — —= U.
r(idf, z) — =10 0.3

TH5.

2.3 YURIEFIL
AWZETIXLANIZE R T 2 E0IHER Pr(idf, X) %
BRET OREME X BT 2EMEr T 5.
T 2.5 (CEEHAER) BRET OEME X OH2H%
TRN#Ez 2 LTEZONZREHIZELD, Hda—V
DA X N B HER Pr(idf|x) OWIRHMEZ, B X OFEIH
BfER Pr(idf, X) &3 5.
EH 24 £,

r(idf, X) = Z Pr(idf, z) i
m

ze€Dx z€Dx
Th5.
#12.3 X =Date DIE, Toxample PIEM X 2553
K x A7 B O TR R 1
Pr(idf, X) = Or 241543 6
L 10
THd. Thix, BEED Toampe D Date B S B 5
A=W u OEFAMEGZ L E, u % 65% ORERTH
MTEBZL2ERT 5.
7z, VAZDFHEIANZUTOLIIZERT 5.
EE2.6 VAZHEOIZANME, FHEIZHWALI—
FEUZ BT 5.
Bl 2.4 JEIE Toxample D2 L 32— KD Price BIED ¥
iz kb 2545, GHREIAMEI0THS. £/, 2010/12/1
O Price BMEDME%E KD 284, GHHIAMNI4TH 5.
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R 2 Texample P Date JBVEIZN 3 5 B E OFHHIHER

x |Rz| | Pr(z) | |Ug| | Pr(idf|z) | Pr(idf,z)
2010/12/1 | 4 0.4 2 0.5 0.2
2010/12/2 3 0.3 2 0.5 0.15
2010/12/3 | 3 0.3 1 1 0.3

aak 10 1.0 0.65

3. URVELETILDIRE

TR E RO B 01T, EF2.5 &0, BEET
DEE X THETE2TRTO 2 1Z20T, a, 2RD D85
b, LrULeds, By 7/ T7—XIIHLTIRTD
o BETRT20RETH 5720, InEELUT S HE
MG 5. PR LIRS SETVE LT, A
TIHUTD 3 2%IET 5.

(1) F¥EFIL
(2) BUhNI A FET IV
(3) v IV v ITETIV

3.1 HEfE

E4ET—2 T OFE#INO) 2A271%, HEHIZEZS
NH5HEFAGOIENE X ITRKIFELTHRES. £Z2T, X %
EZoNROEHEMNY 227 R(X) %, BYE X O
MEREED S, $hbbH, R(X) = Pr(idf,X) &9 5.
R(X) OiEMR%E KD B 7-DI121%, JBET OFYE X 2l
HITB2ITRTD 2 IZ2WT o 2 RODDBENHB7-280,
COBEDHEIA NI m TH 5.

3.2 IHETIL
EHETFIVE, BHEX OV R %E o, DEY ax 2HV
TRODBETNTHD. UFDIIICEHEEITD.
EFE 3.1 EHETNMIZE->TROSNBEEX DV R
7% Rpean(X) TRU,

axwx

Rmean (X) - m

£95.

YL a— RO ax TEDZFEHETLDOY) A
FIRD & S IZE R E G A TN 5.

EH 3.1 Ryean(X) 2EH31ITLD, FHETIIC
EoTROENBEVAZLTE. ZDLE, Ryean(X) =
Pr(idf,X) T 5.

(Proof) #3124 &0,

axwx

m
wx Qg

m w
rzeDx X

Qg

Rmean (X) -

r€Dx

= > Pr(z)Pr(idf|z)

x€EDx
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= Pr(idf, X)

THb, EH31 %2R, (Q.E.D)

B3.1 Toxample @ Date BHEDGE, ax = (2+1.5+

3)/3=13/6 T 570,
axwyx

13/6 -3
Rmcan(X) = m = /10

=0.65

Th5.

ZDETNTI ax 2ROBZEZ, BRET OB X 2
HIRT 2T RTD 2 I1I220WT o, 2FHETAIBRENDH B 7~
O, ZOGEDFHEIANEIm THS.

3.3 RMAIRNETI
RNIARNEFNVIEZ, 2TO 21220 T oy =1 LEMH
LT, BEXDVRAZER/NOFEIANTRDEZET
VTHB., UTDOESITEHZEZITS.
EFE 3.2 NIAMEFVIZLEEEX OV 2%,

95,
Bl 3.2 Texample P Date BIEDLA,

_wx _ 3 _
Rcost(X) - m == 10 =0.3
THb.

EE 3.2 BNIAMETVOBERG (L -1 ThH5.
(Proof) ®EHE3.112&D Pr(idf,X) = axwx/m %MW
5 t, Rcost(X) @Eﬁ%%@:ﬂ?‘é?ﬁ%%ii,

|Reost (X)) — Pr(idf, X)|
Pr(idf, X)

wx AXWX

_ Im T Tm :‘ 1 _1|
AxXWX o
m

LB, EH32EES. (Q.E.D)

EH22L0, TOVI—FNEm LEME X OFFEK wx
B ZA5NTVWBIERTHY, ZOETNVTIHERET OL
I—RE2HVWT ax F2FET 2HEBMNZ0D, FHHED
AMIOTHS.

3.4 YYTYVITEFIL

P TVUTETINIE, Dy 5T VR NTRA LR
ADERIZDONVWTD o 23KD, ZNDEZEEME X D
BLa—Flax OELUETHEZ L LTEIEX DV A2 %
KDBEFNVTHE., ZDOLE, Yo7V IT5011
DDV I—KNTIE#RL, Dx 25 7 VX LITEAZERIE
DERZWEZTIRTOLI—RTHE I 2EELT L.
Bl Z 1L, Texample P Date EBHED 5 5 “2010/12/1” 37 >~
K LTBIEN T, Texample 0 TNV &2 L a— K
(ZDEFHE4LVI—=F) 23RTH TV IFT5, T
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£ 3 BEETIVOWE

Model Risk Error Rate Cost
Exact Solution R(X) 0 m
Mean Rmean(X) 0 m
Low Cost Reost(X) ai -1 0
Sampling Rsample(X) Eq. (1) sm/wx

DEDITEEEITD.

& 33 saxvrIIVvIrHeL, Dy ={z,...,1}
% Dx O I VXL YT v TIN, BEN D
MAEAELTE. ZOLE, ay =137 o, 295, B
INGZAPETNVIZEBIEYE X DY AT Regmpre(X) %,

QWX

Rsample (X) =

L35, Fz, oy % SOV Y TND, Regmpre(X) 12D
WTOHRAE LT 5.

B 3.3 Texample @ X =Date BHEDEE, s =2, Dy =
{2010/12/1,2010/12/3} £ §5 &, a,, =2, az, =3 TH
578,

m

QprWx 25-3

sam ,eX = = -~ — Y.
Rsampie(X) - 0 0.75
Thsb.
EHE 3.3 U7V VIS ETFLOMAERDREKEIX
osm
. (1)
VIslwx ax
THh5.

(Proof) &EH 3.1 &0, Pr(idf,X)=axwx/m TH5.
ZoLE, ONEHEXHEZIKET S L, Pridf,X) &0t
WL | Rsampie(X) — Pr(idf, X)| < Var[Pr(idf, X)] =
os/\/s 7%, £oT, Rsgmpre(X) & BUARRE DI GRA
S
| Rsample(X) — Pr(idf, X)|
Pr(idf, X)

1
/50 osm

- % - \/EWXOZX
L5728, EH33 %185, (Q.E.D)
ZDETFIVTD ap DFHETA ME, Dy OEHEN 1 /wx
TRRICEIND 361X, Thidp= -, Wl p = 2
DHRHTHB728, smjwx TH5.
RILKETNVOWMERFL DD, HEMEL FYIET IV
DFFEIXMEIERK (m) THEH, EEIEYETHS.
—J, B/NIARNETFLDIAMIEOTHSH, AT
RELBL., BTV ZETIVOFFE A AT
VIV ITYA X s ITHKIFL, s BRELRDIFLEET
NS K72, FHRIAMIREL 85,

4. FHMEEER

4.1 EREH
B CIRELAEZET LV ZHWT, EBEOF—XITHT
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R4 R’ET—XEv T, T, Ts OFfigtE
m n JEMEE
Ty 38,087 400 7
Ty | 101,766 | 71,518 50
Ts | 32,561 | 32,561 16

%Y A7 ERRETTS . ERD D12, UCI Machine
Learning Repository[3] & W RN TWBUTD 3 DD
T—&Ey bEHWS.

(1) Ty: Online Retail Data Set [4]

(2) Ty: Diabetes Data Set [5]

(3) T5: Adult Data Set [6]

Ty, T, Ts lE TN Zh, EEO 1FEHOEEERET — X, 10
I ORERIEERE - AT — &, EFHFEAEC L2087 —
RTH5B. £T—XD m,n, BHEEER4ITRT.

4.2 F—9tv bODH

K512 OFBEBUHOMELRT. 20T -7 B
MOEDT —XTHED, RfFETIE2—YID - BEEID
ZRWZ 5 EMEE X OfFEfMe LTHWS., SEMED o, D
NAEEE 1~5 1R L, FEECZODVTD axy L wy 2K6
IZRT.

Date,Time BYEIZ 22— T DFEHL 23— K o, DK
&<, 100 Va—R2Ex5cHH0, HlxIE2011/8/28
W1 A= 122 La—-ROEEZ2 L TW5. A
RTIEZI Doz o ild, BREFE LTHEPITL, Zhzi
BB REBEAEZHBI LT VOT, REGKRTHS &
Al X 5. —7, Goods,Price,Number B TlZ ay A3/
&<, LDz iZDOVWTa, =1Th5b. oz Uy, vl
% |R,| & U7z, Ty @ Date,Price BN IZ D\ TDEAIX %
B 6,7 12mR9. REMIy=ax- -z CEHETIL) 2570,
BEMIZy =2 WNIZAMETIL) 2RT.

KT OFBEMEOMELZRT. 20T —XIi%50 Bl
MORDT—XTHBEH, KHFETIEZDSH, WEEHEH
BRA#Be L TR ZEPHEIND 4 BEICERT 5.
RT3 DXBEBEOMEL RT. 207 —Xi% 17 BM%
MORDT—RXTHBEH, KHETIEZDSH, WEEH
BRA#Be LRI ePEEINS 4 BEICERT 5.
F 612 Ty, Ty DEBYEIZODWTD ay & wy ZRL, Th D
Age, Time YD a, DDA EK 8IZ/RT. Ty ldm=n &
O, FED 2 T |R,| = |U,| THB70, ax =1ThH5.

4.3 RETFIOKELHEIX+

Ty, Ty, T3 DEBEMEOREKRE 2 EHFET IV, NI A b
EFN, $UTVUTEFTNICE > THRIS KDL, £
IIZEETINOIEERT. #3112k, EHET
INZ & BRI Rypean (X) 1336 O R(X) & 8T 5. ¥
YT U TETICE B FHEIE Reampre(X) 1, s =10 D
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£5 T OME .
Attribute | Detail S 7
User ID ID of user (5 digit number) . B
Receipt ID | ID of receipt (6 digit number) § § |
o
Date Purchase date (yyyy/mm/dd) 2 |
Time Purchase time (hh:mm) o
Goods ID of purchased goods (number and character) &7 mm H
Price Price of purchased goods (Pound sterling) ° T T : . . : . .
Number Quantity of purchased goods (number) 1 2 3 4 5 6 7 8
Alpha_x
X6 T, Tp, Ty OIHTHIR 3 Ty ® X =Goods JEMEIZDWT D a, DA
T X ax wx | Pr(idf, X) o
T Time 22.23 551 0.322 0.228 o -
Date 24.42 290 0.186 0.140 3
Goods 1.32 | 2781 0.097 0.151 3
Price 2.49 | 184 0.012 0.066 g 2|
(%)
Number 3.15 97 0.008 0.043 % 3
Ty Days 1.05 14 | 1.45-10~* | 1.66-10~* “ gl
Age 1.35 10 | 1.33-10~% | 3.20-10~* o |
Race 1.31 6 | 7.73-107% | 2.08-10* o - n
T T T 1
Gender 1.28 3| 378-107° | 1.81-1073 5 0 15 2
E Age 1 73 | 2.24-1073 | 1.01-1072 Alpha, x
Occupation 1 15 | 4.61-107% | 1.21-1073 -
Martial 1 7 2.15- 10—4 1.20 - 10—3 4 T1 ® X =Price E‘@L:O\z‘f@ Qg @ﬁ}ﬁ
Race 1 1.54-107% | 4.79-107*
3 -
9
2~ = &
2
) 5 e -
2 o | o
g - o
g Mﬂ]ﬂﬂ
- o -
o
o ﬂ'{ﬂ'l'{h ﬂﬂ 00 nn ﬂ il il 0
rﬂ rﬂ [ T T 1
o J Mmnnn ] 0 5 10 15 20
T T T T T T 1
0 20 40 60 80 100 120 Alpha_x
Alpha_x 5 5 T1 ® X =Number JEHIZDOWTD ap DO
1 T1 ® X =Date @MEIZDOWTD a, DO
RT7T T, OB
Attribute | Detail
& 7 Patient ID | ID of patient
< - Race Race of patient
g o | Gender Gender of patient
3 .
g | Age Age of patient
Lo Time Time in hospital
o " | | "Il" *x8 T3 OWE
T T T T T 1 - -
0 20 0 60 80 100 Attribute Detail
ID ID of user
Alpha_x
Age Age of user
2 T, ® X =Time BHEICOWTD o, DA Marital | Marital-status of user
Occupation | Occupation of user
LEDI%(nto) DEMXHEZRLTWS., RHED¥EIH Race Race of user

DOWTWAIHIX, TDOT—X TRLERTH S LFAMI N
7ZEMEDV Ao THb. FIZIET 220w T, EHETIL WBDIZH L, /NI AMETIVTIE Goods BHEN S
(=BEMR) Tl Time BB EMTH 5 L FMIiE N T fERTH B LEMINTNWSE., o F) UV ITEFLITBEWL

(© 2019 Information Processing Society of Japan 5
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=
4
T
0 5 10 15 20
[Ux|
6 Ty ® X =Date BIEIZDWTOEAAX
8 | °
o
< o]
S | o
o
[se)
— o
g S °
N
o
o
=
o
0 50 100 150 200 250 300
[Ux|
7 Ty ® X =Price JEMIZ DWW T OEAMX
n —
< 4
>
g o o
[
=]
o
[ N
w
°
I T T T T 1
1.0 1.1 1.2 1.3 1.4 15
Alpha_x
8 Ty, D X =Age BEIZDVWTD a, DHAF
o _
™
o |
N
o
z o ]
c
g v |
s 2
o
<o |
o
o
o |
e T T T T 1
1.02 1.04 1.06 1.08 1.10
Alpha_x

9 Tp, ® X =Time BYEIZDWVWTD a, DIAH

T, FEXMOEIERFERIZE T 2BAMEE 75 @I
Time TH - 7=.
RIDIZHFETNLVDIA N LEEDHEERL, K102 T,
@ Date JBHEIZDWT D, FETFNVDFHEI A E/ED
AN EZmRT. XEEEHEaIA S (La— RN ox#T
HY, Y EIEER Pr(idf, X) & O ch 5. M
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xR 9 RETNZ& o TEMS W EI5I RS
T X Rmean(X) Reost(X) Roampie(X)(s = 10)
T Time *0.3217 0.0145 *[0.1411, 0.5998]
Date 0.1860 0.0076 [0.1267, 0.2786]
Goods 0.0965 *0.0730 [0.0718, 0.0982]
Price 0.0121 0.0048 [0.0036, 0.0132]
Num 0.0080 0.0025 [0.0017, 0.0152]
T Days *1.45E-04 | *1.38E-04 | *[1.46E-04, 1.52E-04]
Age 1.33E-04 9.83E-05 | [1.21E-04 , 1.42E-04]
Race 7.73E-05 5.90E-05 [6.92E-05, 8.31E-05]
Gender 3.78E-05 2.95E-05 | [3.08E-05 , 4.30E-05]
T3 Age *2.24E-03 | *2.24E-03 | *[2.24E-03, 2.24E-03]
Occupation 4.61E-04 4.61E-04 [4.61E-04, 4.61E-04]
Martial 2.15E-04 2.15E-04 [2.15E-04, 2.15E-04]
Race 1.54E-04 1.54E-04 [1.54E-04, 1.54E-04]

K10 FEEFILOIAD LS
Model Cost Error
Mean 38087 0

Sample | 131.3 | 0.073

Cost 0 0.178
©
g
w

Low Cost
N
= Sample

Mean

.
e T T T T T T

0 2 4 6 8 10

Cost(log)

10 FETILDIRNLBFEOHAM

DFEVERINSDETNVOFRERL TS, JKBD R
X Dx O wx BHOEZD) 27 FfifERE2RLTED, %
NOSDELEY VTV UV ITEFLVOREDHELTWVWS,
BTV U TETEINS D wx [AD S s iz T >
ZLIEATY A7 ti%Z T 5 Z L ICHEEE L.

Ty @ Date JEMED Dy 75 50 FEED ¢ % 1000 [8] F > &
LYY TV T U ED ay ODOAZX 1L IZRT. £
T, U7 v IRERED ax OV & EERAE K 11
WWRT. INSDOHELSLRE LI, BEX 6TV
RLls a2, THIZOWTD a, 2 ROBZET, ax
BEMT BN TES. BTV IO BT,
AGRIZEMEIZPER L TWB Z e dbhhs,. Zhizky, K
ETIRY S I A X 10 TY A2t %47 o 7.

5., &b

AFTIE, BET—X20HZEMEISERAHEEIK
BEZEEL, TOVEEBIEREZHNTT—XDY RS
MM AT ETNERIREL R, £/, FHEIIFERZ5M
TH3DDETIVEREL, ThoZ2HVWCEERRET —
2, ABtiidkT — &, HHNAT—2D 3 DOEED T —
ZDY AT M EIT, EOBMEDERTD B DD % G
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Frequency

11

® 11

L7-.

o _

[5p)

o _|

N

o |

N

v

o

o -

o
T T T T T T 1
10 15 20 25 30 35 40

Alpha_X

Ty @ Date @YD S 50 NV —T%2 YTV v L ED
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