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81. ¥ ERSHOBEAM

Laplace 7741 LA(p, 7) OEERIEIZ. pe R, 7 € RTICHLT
T
p(zlp,7) = Fexp{~7lr — ul} (1.1)

THABN%, Y p 3AERETEH O RS 1/7 ERIERELT

L H 5, BAH Laplace (1749 - 1827) DHAHEENE K ICH IS

HENTWD, TORMIDGFEMNELE 22— Kotz 5 (2001) IZH 5,
—73. logistic 7341i LG(u, 7) OEJCBIEIE, pe R, 7€ RTICHLT

__ rexp{r(® — p)}
plalp,7) = T Er—— (1.2)

THABNS, FIC I p WU TRFRT, 2 WAREWL & ST
BOF—Z—TWDd %, £z, DMBIBE W EBIETARICRBITE
%o COMWHBMFHE B2 HEICHiTtH b, — . b D
AR E MR B S RVl 0t I aiEtEE Ry, 20XKD
I DD EORENE, KENICHNUImD THELETV S,

RAHAICBOTRIERDHIZ T —ZDIE S DER KT 3 7201 dD
N5, MERMNIIENCH DD, FEICHDbN 2 MRS N TS, &
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D THERDMDEMMNZ2E Z 5 & B TR R RIEED A D
%o T—RZDEEDEHZLBIT ZHAMEE T — 2 K> THEZ N5,
TG UIRED RS 5N D, — /T TREMCEUT R THN
. RHROHEE 75 £ T — 2 ORI 7R FRAT I s B R M N 73 P L 72 i 72
T EMNLEE LW, BTN RIEEIE, BERNAEE TH > THERD
DA RN BB ENX I T 20 BHINZV, LML, BB
ZWSH K b N 50 mdERIEEE 22 LT b,

AR TIE. Laplace 734 & logistic 734 Z2HIC U T, 2 mDHHMZiE
WY B, SHTIWE, EBE6MEE9 & logistic 7D THFIEENTIEW
20, D FHIXTHTE logistic D AIIFRHC B RN 5 R0 &
2T %5, T UTHEEZEOX 5757, DX ARSI E S
5 & D ANDRRHLERICEET 2508, Tld Laplace 7MDK EEZEAZ BN
TOVIHEN L A5 E2iEHT %,

#ligm & UC. Laplace 0 DHFHMIENHEE NS Z & Z5Hild %,

§2. Laplace 7 D4FE

MEREIL (1.1) DS B KD, N o T DOFREEHLL IRz
G0 BRI ILRBIC IR > TV A, ZDRIKT double exponential 77
e BMENS, I LD & U T ORI O T Bk i 2 R 72 7%
Vo LA L. ZO X Laplace 730D M &2 DEIRIZ 7AW,

MHNSTEH ENTe R BARRIYiLE p O MLEW—%J 5 &licdh-
7zo Laplace (1774), Kaynes (1911) 5DBLZLN Tz, LML, gtk
L CTOMRRIE R 7AW, JEEE BRI idibtit 7 CRERI E NS B
Hid. REEM O OIREDGE S IIEICBA TV A ETH %, T 5
LIeT— 2 Tl IYEIc K> THEMZRET Y2 HER L L TOMEIHES
[FERDMW) & M RAE NS WFRATAMOHRIE, [FFHCHIETEH 5.
DOHfER & UTROWEEZRDD E S M DN TIMTDMRGES 75U I
FENTEH B, oo MLE ICDWTHEARY A ADMEE n = 2m D50
p DHEERZER 50 KK x4, - -, x, DIAFHGEIRZ z0), -, 20 &F
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<l RER (2um), Tmer)) PRMET—ETH D RAMHEZEKT 5, 72H
5 MLE @& —RICEEE 5BV 2T Ty (Tm) +Tame)/2 £ %o LD
L. RICHEENS 2HRMMN S RS & TOFEICIIM S DS A,
S UMD RN D OHEEMEAMEA —B LU T2 7200 T, 15 ORHI7x
BB TV, EBE MLE Z8ET 3 EIXES TH Y, Govindarajulu
(1966), Akahira and Takeuchi (1990) 7% & DM H %

FOEHEOATIIEAESE O MLEDRS /I 5 &IciEHE N, C
OHEER ¢+ OMREIZRW T EAHISEN TV, #Hlc, TOMEITIERD
2T %, ZDOHEEEDN —HT S ETEAMNF ERCTHS
M, TOEKTZL AR DMTHS, ERSMTIE MLE BEE
LW &2 3T 50, Laplace 0 TIFEE LWL EIFFRE LAV,

5 LTeRELL FICHER Laplace 77 ihVEET 5N T E T KW,
HEBBIFIRE p TN TWE R TH S, RANTARBITIE. BHAB
REMNEMINZHEEMICZEZILTEZEEZLENT NS, S, 2D
IS TOT — 2 DDl iE Ay e WaEnTns, &L
M DHIBOMNNETN L TH UL, TN DIAEIF K EEZR AT
HB, 5 TREELT, HAiORENZETNCEIOND 5 D75, i
LTI AR,

RIEMZNK D TH BN, MRAELININD %, ARIORITIE. R
DA R & PRI AN 31T BIETE L BIE &R EOTIE L & DRIk 72 i
il Bo

ZDHHC, Subbtin (1923) AV A L7z exponential power 535D 5
Laplace 732 %, B r > 0 ZERICEE LTIz &, TDIM0
TROZ L AENI R (p, 7) WS L TRDO K S IcEEI NS,

iy
~ar((r+ 1)/r)
ZEr 2 1, 2 &L by %4 Laplace 7010 & IO RICER S, T,
E=1" LIEWT, r = 0 DM E LT—HROMMEEND, O

pr(x| p,7) exp{—7lz — u["}. (2.1)
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[£7% 1 OB E R R Camicies &I, 7 ORI E RL% & gamma
A DEERIRIC T B, FRED r > 1 DEBITIEEHERIEEE S
TINRDZ W, #E> T, Fisher OEHRITINE r | 1 OMPRiEE L TH
Mib, EFETFHINTWS Lasso S IEHFEA/MED KT Laplace i
DARZAGE LTe XA ZET IV E A E NS (Park and Casella, 2008), T
DX IZERIEAHR S DL, Wi /50734 HE U exponential power 7347
BICB LT, RIEREY r 2R ER—HHREZ N5 TH %,

—J7 logistic 7241 DFHEAZEHNS, BUTIANTZX 51T, BERE (1.2)
BIEENTH B, £z, MEEEE Laplace 0 K O REDFIETH 5,
> T, FIBYD DD BNEFHAT DN TR I DA TH S, /i
B REMRRDET IV EBHd %, Logistic DAFRDHIRIZ R ETRE D
BIETH %, IR NE U, D Bi(p) 2480k L Hix
LIz EDOHARE 0 L DBETH 5, HIRRHELIE

Hzloglp

TEHREINS, TOEBUT logistic 7T 7 =1, p = 0 £V,
p =1 OHEE NI EOWETH D, TOMKIE, 8%z 3]
T BB L EENS, IR BENTWV S logit BT IVDILER 1
ATWV5,

LA L. logit EF /W MIHETIVTH > T, MBI AL LT
BN TV, DT —2 D2 KRBT 5 RTlEARV, £, &
ERMELTE-EELLWVETBIEMEE ARV, Logistic 77MIDRE
ZELTWVDE GSKD, ZHOMiORETH 2 LI N TH 5,
FBE logit BT VAN E NizDk, ZNLIRTC I « EYIROE THY
5N Tz probit TETFIVICIEMN D -7z HAREN TS, 2L DO
T, BIEE LTIER M Z2RET 5 DN D 505 Th S,

RO IZ B E R Ly MLE BB TE R, RER 7
ICNREFE LD gamma HERIEE ORIEE RV, 7z, Kullback-Leibler



STEEREIZ. g(y) DEIE ply) O FTOHRHER B{g(y): p(y)} EFENT
D(68,0) = E{log{p(y| 0)/p(y|0); p(y| 6)} (2.2)

EXREINDH, logistic MO TR TE RV, B, EHD
7z EMDA 72 HICH LW MREE R0 Z ORI, AR
1ii%z logistic 2041 & LTe XA ZET IV TIRREFIDMHOFRDES NS,
WCH AT & U T logistic 0 Z20E T 25 S DOFIENES W7 5750,

DT logistic 7 EFHIT % &, FEBEBMD TN DR WTE SR
BTH B &ZBROTHAIARMETE R 72 5730,

§3. NA AHEICHIT S estimand

Laplace 7341i LA(p, 7) ORMEHEEZZ X %0 FRTEHLE & U CHENHREF
HiREE & U T reference SHiliBI#L (Garvan and Ghosh, 1997)

(7)o % (3.1)

ZIRET %, T E Jeffreys’ prior, m;(p,7) o< 1//7 DHISNB D,
reference prior D5 HELHIVE I IFAH % LI Z < DB THRED Eu
HEEHRMDEHE NS T ENHIEN TN S,

&L p IBHU TONERMAET % & ZICiE informative JHTESILEE X
DX ITHHETE D,

T 1
7T(:U’7 T3 607m) X %exp{—é(ﬂ-m — m|} . ;

FRIE Laplace ZJETH D, 5 & LTOHMEED reference Friii B TH
%o TS AN informative FiiIAVER T E T, SFHDRLIC
RBHDIE T DREFEFHMEPRAZNETHD, TOIRGE N THEEEIL
fiRIC75 5, HIC, 7 ICBI U THAMEFRMUETZ 55 BICE. gamma
A7 IO T B LR e DT RET 35 % 6

NA ZHEE TIERHAOHEE I FFR T THEE 975 C EWFERITH %, [
IS FHR V2RO D RHIDEINTH %, T TR LU TZRHELZ esti-
mand &S, @, JIOH EEREETH B &M ZDORBUCEIONH S &
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TESEEZLNTWV S, SiHNARS TH2Z L DELRTIE, T p L
A2 1/ DMERIC BV S, BIZE, PO TdHh % Govindarajulu
(1966) Tld T DREEZEIR U 7z | THE s IMREHEE R Z RO T %,
ETAM, THF L & h < BHER A O FER T IS ERED D
%o 7R SIHERZE K D O A DNFB T & OMITEN R E 2 5 1Eh
5TCH 5, HIE ETHEHRITZX ST, 7 D informative FHFi74m 2 IGE
I AFRICIE T DFTH gamma 7341 & DHMEDN R, AlfRERMNICZY &
H72E NS estimand D& UT (u,1/7), (1, 1/72), (p,7) BET 5N
%, TNHDHMNSE—DZ2EINTET LIFHLVWHETH 5, RO
WrkdHE & UL o L & DMIRFTRE R ORI DA 7 & 752 EhVakam S LB DY,
FEENTIE R, LA, HBRBEEDER & D HEE ORI 2 11T % £y
LOWEZIFANCT 5K D ERNTH 5,

HEmal 2Tl #HEERFZV AT Z2/NEL T B X DIGEST LD EEA]
THb, TOFEAITIE. THEKE LG, 0) ZEDTHELREDNDH D, XA
REDAME TR, K

L((3i, 1/7)), (1, 1/7) = (i — p)> + (/7 —1/7)?

DFT (u, 1/7) DIFENIGINARA XY AT 2 i/ NC T % C &l E b,
UL, COHLiE estimand OEHRICIE U THERBEZ RO TV B D
T. EAZ estimand OFERE A FICIEL L E NS, D, @Yz o
AT D estimand DHFEFRICIIRAL TR0,

BEZ < DS TV S RIS Kullback-Leibler 77#{EE (2.2) A
BB, TOTEEE. REEOREE (77EEE) Z T or it o e LT
EFELTWS, > T, AU P28 < [AEFEEREEFR—#HT 2D T,
B4 DERIC & > THEDREWY, DD Laplace 73RO IHEEI XD &
2R INS,

D((jt7); (7)) = n={exp(=7lis = i) + 7l — ul = 1)
+n{; - log; . 1}. (3.2)
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ORI L= pDEE

.
—Jog— — 1 .
0g = (3.3)

|3

L.
57 = ) +

TEUTE S, TS (tp, p) OFLTEH EOELHRKZ /NS
BTN, ML LUIERENS, 155601 %,

Estimand DOFERICDOWNTDO Z DFHRIE. L TOEKNZER & 135
5%, LA L, SRR TRV, IRBUMK T, Kullback-Leibler
DEEERBIIC LIz &, XA RV AT 25N T % estimand (& HR
RHCH %, BIZE. IR N(u,0?) T& (p/o?1/0%) &£75%, HFai
L LT reference prior Z#ES5 &, FHE VI (4,6%) = (z,s%) HL
2= (x; —7)?/(n— 1) LEFIFICKR D, BEhNSHEREISHIETRDY
TELTKHATH S, Lhd, ETOHENLIZX 2 REKMNR estimand
TH5B (1, 0?) FHNZW,

HEERIZRD X DI —XeDOBEER 2 W TR TV B RIS
N5,
n/&]%—MP““Wu

T JSle = ) o
ﬂ(i?ﬁ [l )0 -

[k =y
—JICOENEHTIC S ENB D, 7 I U TORITE gamma BED
RN RBIDWENTE S5 TH %, EXOPRUTBIBUI XTI o —m
DXREFDIETHO., BT TE S, 12D n AVNEWE T EEHRER
BhEWV, RENEZDAELNICKVEIRTEE L EN TS (Box and
Tiao, 1962),

FOMERICE MDD 5T estimand (& (u,7) &I 2TDMENINTHS%E
ZBMWMAEL VBB HNZ, HERIAEMNFE RS TE. 7u &0



DIFDEKREID TV ETH S, Reference FHaiEEZIRET % &,
T DERITIRERILELFH CIKASD, p OftEEE

[l =y
[k =

EERINS, HEEE (3.5) EDEWVIINZFOBREEIZTICE NS, DD
HERIIKRZSRBEDLEN, LML, n=2 DEEZKTSE, TD
HERD D FORMIFE LRV, TOHRFIHMERR T THZ, —)7
T. estimand % (u,7) &3FEIRT B LIC KB EAIMISN AT LA,

C CT. BT Laplace ZHJED exponent & —|rz — 7p| EHZMHMA S
N3 LIRS %, L, RN 1 IK(FT 5D rp l@ELT
DHTH 5, TEhD, DRI DO TWEERT 2R I u B
L, U THNS T &3R0,

o=

£ 1. IERHEEROYY D1/ DEE. YKL 10,000

AT A X 3 4 5 6 7
SEH 1.0015 1.0046 0.9989 1.0064 0.9935

ROhOFUHbR 2 7> T2 P Tl FOHEEROMRRE B TH %,
Z O T SNz —DDHBRFEOEIZGE UL, £ 112K 91,
1/7 WERINCIE MU TH 3 i TH B, £ 1 2 —-LlT 5L, WEICEH
AMWEDNE D VLD K DI A P, AEC it DXRBIE (3.4) 2L TH i
EAEIEER D VLB ZE S 80, — T TRLDMATEREZ I TH S,
FEBRIA U exponential power 73HKIC RS 2 IEHI Tl 7= 1/0% DH
BN 52 > TMETH B, ULH L. Laplace 704 Tld Bzl
(3.3) BAETDH S,

C OEIESERIT, HEMYL estimand DIFERDEHI N & R2REL TW
%o, BUAHKDEIRNS estimand %8 < 77 W HEHINR IO AV ATFEIC
50, #EE RO EA[REIC S E 5, F7z. Laplace 7341 TldNA

8



A RHSHEE OB RIS R Z ATREIC § 2 R AN T2 S B T & VIR E
N3,

FTEIESE N REHEE IS IS 2 HEE LR, logistic 3D EICIE
W TH 5, FFE. Laplace 73 DY EIC AR THEE L2 MR 572D
SN MEED R 72 5750 LT 2 EEZ N5,

1) SR Tl Jeffreys FRiBIEIZE S NEH. KON
reference prior 13 SCHR 2472 5750

2) Informative FAi70 i DEFDHE LW, Logistic 734 DHIFHN TE
T5C EIENHETH S,

3) Kullback-Leibler 77 HEREIZ I LB E N7z,

4) #EE R ZRTOBUERE D DA EIC TR B,

5) Estimand DJEIRIC DOV T ORI ERID HRZ W,

CNEDRFZET BT, XA ZAHEE TR logistic 70 MICISAHERMEE
W RM 25730,

§4. MEICELL L L TOEMSLEK

TEE LB A TV S N B IERIE I T H B, Rk #H T,
FRTLDT —Z 2D 59 DI TRED IX U TERINIC It 2R E &
BRIEZHE | TEELIEIC K % 7 — 2 OZH 20 U T HINDONHRIC A
KERZ, AR AROTII T & T H 2 BHIBHEZ B E T
KINER2HAATH B N LHBED I KO TH %,

UHIDOET I ERDIIET LI LIEBE S N B MITET IV TH - 7z,
AL 09 B AU HRIIRIC R L T N D AR DG, difyifiih S A
R — {0,1} O step B TH 5. HARRISOMEE L UT, &0 M
FUHIMEREICER L CO EARINIZR LI TH 2 L EA BN, LML, £DX
5 75 Hfl R 2 BN EE D W THERIIIC BRAIRERE 2 R 2 T L DANAIRET
HBDOT, Lo KMNxZ R — [0,1] PHVENS XSk oTz, TORY
BAIRPAPEDHF 2 AN 2 EHERDAT DB S NS, A T,
BAERRBIEDO 2R L TWS L DOFIAE TE 5, TOHMDID



WS NTIARBIEADY logistic 0MTBIETH %o AGHIIC DRI Tl
sigmoid B L PHIN TV S, T DEIEIIHJIE TD softmax B & L
THLHN B IO HIRRH & RO BIfR. BHNEREBIE. T
H5, LHL, Thid logit ETIVDEGE LIE U TlHIFEEE L TOFIH
TdH > T logistic 7748 DBEIX E R TLE AW,

DEOFEZ LT 57Hic, PlEZZ2 < 5PN EEINTHREL
YT B iTe, WE 2 809 L B A DLk L2 BTV TlE. Afid
DIRZ EHNDNHICZ 5 Tee TDIDIE HO SN BTG E L
T ReLU B9%

agy(z) = Max{0,z} (4.1)

MR E NI, T ORISR TR <. HDOlBA 2 =0 THNT
W5, LA L., TERDIMETET IV TIRITsIcHAaEgZ S 285 C
ENZOD, IEFE TR ERIE E 72830, BB R 23
MIC RO ADb NS,

[ B % Z ReLU BIEODO—MIE TH % Max{c,ax + b} & LIllFE
7 )W hockey-stick €7V & U TEBI I THIH E 17z (Hasselblad 5,
1973), T DHAITE TN RNMENGZEZ RIE RO E PR TE 5 C
EM, TOETIVHHOENTZHETH S, LML, ZDOX S AFIC
T REDN LT H B (Yanagimoto and Yamamoto, 1979), —/5C
GRE A Tl ReLU BIEOIFT AU BIHD B U 72 i IE AU T H %

ReLU BB SN, @8I ac(z) = 0 LI KREZLEENTN B,
F7z. step B agi(v) =0forz <0, =1forz >0 &L EYKRD, TLLA,
THEEL ar(z) = 2 DL TH O, TOHEMEC L W AT NS, W
BAE. KO —MICIIRIEBIEL. 32 H L TEIEMEEIE L LT3 =
KTH2, TELZEEZERIAMED BRI, ZIRITORIELHL (affine Z5H7)
MEENTVEZDONSETH S, SWVHA S & LBz BIE BRI
5 LEZHICTEZEREBEL. ~HOHTOLEEHUFET S, TD
ki, WErEZREETIVE LTIRS CldmEd %0 TERDIER]
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HDIED N TOMEETIVTH %,
Z T, WA BIE 2 HBOC L D B I g, UL
DO p1(x) & po(x) ITHLT

LLR(z) = log{pi(x)/po(z)} (4.2)

TEEINS, MEOUEIZ. Neyman-Pearson OXEAMHEICH 5N D X
IS, ZOOEEROMHNIEZRTHEARTH S, MEeHamz 7D T,
HERA 2ICB T 2 HARTH S, BB TOFHELEELTED
LS B, EENC K D L DORHGER S,

Bl 4.1, (TEFEIE) BREREL o(x) ZREHMEE 1, N(0, 1), DEERIEK
LUT. pi(e) = oz — 1/2) and po(@) = o(a + 1/2). SHEOCEEHIZ

LLR(z) = z (4.3)
ETHERARIC IR %,

THERIE 1272 Bl & B I IEEEE O 58NS, EORITI,
KNI D72 ST DI B B 7 NifED T DDYR 2 %2 &
DA EATE, T OHPUI M DRIIDT B 72 DI ik BISAINTH
%o WNCHUAZRNRIE, ik e U TIERIE L 2 IO CTRE M BBz 5
HLUTWEHETH D, ERIINIOIGE & T — X DRIBAH & AZHTED
B, B2 TR ZZIERIDMIMUE SN T, 7 — XD
JPAHENTE Teo BN 72 W8T 2 TR AM T, BUPZE A2 &
R 21BN ENS . AR BRI 72 RS
%X O EHFREBENRT S LICKDELNS EHIAENS,

Bl 4.2, (EBBIEL) DO pi(z) & po(z) Z R' ZHICFFDIA
UM p(z) &9 5% MEULEIE LLR(z) = 0 &7 D @8RS
5%

SEOUEILN D RS & EHBIRBE AR TH S, —/7 T 8
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BEXI 2759 step BAEN asi(z) ZXEOLEEILE L TOES DIZWHETH 5,
§5. Laplace 0fbhiEEd 5iEMHLEEEL

TETEIEEIEL ReLU ZXEOELE UTE K5 R EHED N 2.
Laplace 3 ERIE & T UCBHE U728 EEIEBIC K > THRDIT B 2 & HK
%o almZ2HHICT B7HIC, X (0, 00) DEERYZ 1, () &FF
&, JEIEEXHOEEBEEZ 1_(2) £E <,

#1 5.1. (ReLU B ZJZRIEL pi(x) Z Laplace 5341 LA(0,1) &9 %,
oD% EEE %

po(z) = (2/3)expxl_(x) + (2/3)exp —221, (z).
9%, TOMNBILELEZ
LLR(z) = log% I_(z) + <x+log %) I, (z)

EXENS, > T apr(z) = LLR(x) + log(4/3). £75%h 5 ReLU B
BCTHs,

IEBIE po(z) 1ZIERFR Laplace #IEBIEEMEN S, YLK 5 D
HRBUMIZ2 [T EAICHE D B 723 IEBIEC T, Laplace B D FHEH
IEHETH %,

#1 5.2. (Ramp [H%%) Laplace 734ii LA(0,1/2) DL Z p(x) &
%o TTT pi(x) =plx—1/2), polz) =plz+1/2) kit &.

LLR(z) = -1/2 for —1/2 > (5.1)
= x for1/2 > x> —1/2
= 1/2 for z > 1/2.

A1 Max{—1/2, Min{z,1/2}} &fHRICE L EHHKS, .

CORIE v = —1/2 and 1/2 DA THNRZE D, TORIKRMNS
ramp L FHEN S, HEFE TIE LLR(x) + 1/2 7% hard-sigmoid B
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BEMENT, —RRAMO MBI E L TN Tz, £z, ke
# (Mudelsee, 2000) & % WIS (Collobert 5, 2006) & LTHHWS
N5,

DRI T | logistic B &2 W REBUCIELEN S ReLU Bz 8
LT ERIMNANERBTERVDTAIRETH %, WITTEEILRIE 277
MBEE & R85, logistic 7241BIEL L Laplace 73 BRI RHCHEER 77 C
LTW%, FEEBTOMNAITELZD O MDOBKICR 5, REOL
ELEOHSMN SR % & Laplace &E & logsitic Z ATVEZ TEHRKE R4
7z, FHREEMND UG % LI, ReLU BIOD &K 5 7R BEF DTS ER]
B oEN< > TULEX D,

4, 5 HIOWAD—HBIZ R (Bingk) & OIL[FRIMIIEORIHR
THBHT ezl LT, WDTEHLXT,

Xk
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