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Extension of Minimum Description Length Principle for
Regression with Numerous Exceptional Data

EINOSHIN SuzuKIt and MASAMICHI SHIMURA't

Regression, which is an estimation problem of the model from a set of data, often contains
exceptional data which cannot be explained by any models. Existing criteria which evalu-
ate the goodness of models are either inapplicable to this kind of problem, or are applicable
but inadequate when exceptional data are numerous. In this paper, we extend the minimum
description length principle by assuming exceptional model and normal model for explaining
exceptional data and normal data respectively. Based on this extended minimum description
length principle, we propose the information criterion. In this criterion, a model is judged
better if it has a shorter add-sum of the description length of the two models, the description
length of the exceptional data relative to the exceptional model, and the description length of
the normal data relative to the normal model. The criterion has been applied to the problem
of estimating an underground structure from a set of earthquake data, which is a typical re-
gression with numerous exceptional data. As the result of the experiments, it has been shown
that the information criterion enables a more accurate estimation compared to the criterion
based on the least trimmed squares method and the empirical evaluation criterion, which are
currently employed for this problem.
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B, 1272L, ? BREMEEERT. LT, BET—5
NDERREFNKT— 5 DRBELEHAT 2 HENA
HBBILELT, =% di DRBRELRD2FHiE4 MM
R, 2L, #RERICR CERME L i
RETHBLT S,

4, BEHT— 7 LA T — ¥ 2 X307 2 Bl
0=010BTHHLTH. 7% dy i&, |rh(M)| >
8, |r3;(M)| > 20 ( = 3,4,5) T2 -7 —
ERB. di BPADF—5i2onThH, BINT— 4
PEERT -0 EHETL, ST — 2i12onT, B
ERZOZBRIZOVTORHMNBEOEL 2 B/32H

d, (M) h(d, ,M)

Py Sy el 00 rfon]loni=133.59°
(s) (s) (s) (s)

lat; =34.97°

1 0.50 ? -0.05 —
dep, =26.18 km
2 0.63 ? 0.04 —_—
time1=-6.62 s
3 0.65 1.61]-0.16 -0.39 elon, =g 35°
4 0.14 0.69)] 0.01 -0.38 elat;—1 47"
0.00 0.45] 0.09 -0.25

edep, =1.35 km

etime, =1.47 s

H1 HEOT— 5L ETORE, (FhEoH
Fig.1 Example of the earthquake data, their residuals,
and their additional information.
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Tablel Comparison of the three criteria.
WR7— 5 OWEE (%) 100 90 80 70 60 50
LR ) 5L 100 100 100 100 85 75
EEE (%) FEBR Y 3F (il 5L M 100 90 65 25 10 10

By o X B2 Kk

0 0 0 0 0 0

W2 EAROT—FEMETIBMEOET - IEDINE (R/ME, PIHM, BX#H)

Table2 Ratio of the normal data (minimum, average, maximum).

wR7— 5 0Bk (%) 100 90 80 70 60 50
maRAn (-,70,-) (69,70,71) (68,70,71)  (69,70,72)  (67,71,74) (69,71,73)
FERR O SF Al AR (-,68,-) (66,68,69) (66,68,69) (67,68,70) (66,68,72) (86,69,71)
hvroilb2%kE | (-,65-) (64,6566) (64,6567) (63,65,68) (60,65,68) (62,65,68)

NAREDINT A=Y WET B, ZONRAANGHER
W, 7—% d 2T 2FERROLRRE L KRD,
FhoMET— s ORBRE TS, /o, BINT—
yDTIZIZonTI}, FNOEREL P EBERL L
S HFRH SOV TEBS A 7-E, 2L 2X7F—%
dy 2DV Tid —5log(ve(M)/v)—3log(re(M)/v) %,
7S5 7DESET A, F—¥ di ORBEIEZ, T4
NDEREL 7S 7OREDHTEZLNS.

—%, BAEAT0 =020 THEHE, 75 d1 i3,
Irh; (M)l <8 (5 =1,2,--,85), Ir$;(M)| <20 (5 =
3,4,5) THALOBEENT— I ThHb. d PHDT—
FIZDWTH, FNET— 5 0EER T — ¥ 2T HINT
L, BENT— 7220 T, PEBIHFNFANREL SK
BEBAREIISOVTOEFRETNORII B OIS &
DEBRFHDINTA—S i HETS. ChODERT
ARV, BE (M) 2BRT 5 P BEIERLK
Zr SEIFERIRENEREL KD, thoD%
REDIBEL TS, T/, AENT—IDT7 57,
PHEDIZISFSVBIUFSED T I TIZonwTR, ¥h¥E
hoOEREZEBIMA M, L2 E7T—5% d 12
SWTIt —5log(vap(M)/v) — 3log(vas(M)/v) %,
IS5 VDESLTA. F—¥ d DEBRIZ, BRED
HRELTFITOESIIOVWTOMTEZLNS.

Dottt S ST LMl 0 oW TiTw, #@F
K7 — 5 ORRELFINY T — 7 DORBRIZOWVTD
HAROLEL DI DT E. BROL
d DERER, F00 2RV LEDELARTHS.

4.4 EMBAILE - PEMARBICH T IME

WM A ICER - HEH ARSI, AEICEEALY
KHRLTEITIEICED, FOMEFHALPIZSN
TWVaINNY) —oHOMBREEERELHET S
MEIcBWT, SRR HRETERAVOLNT
X/:h v bOo B2 FEICED (HERES LU
BRAFMHAESD D LB, 2 THWERNF

Mz, wREEEREOR LML, E¥NT—F
DEBRTELELDTHSE. F—F L LTIX, "BK
20 BRE, PR LR/ DREHRE T 1987~1991 £0
RICERE X/ 665 ORI SBONI-ObDER
Wi,

HEEREI DL ) LR EIOVWTHHEATES
A, TCITREFOBREMEERT LB THEHOT,
—RTCMEL MR L. RFEICIE, AREX
B R EERE AT 4 EMETHY, B3
RBLBEARL LIV TWL OPDOERBVPRLT S
o nTVE. Thbngficiiv, B3RMOR
Xi250km BT, #ERTORIILHEL, HIWIT
13 5.0km/s L E7.5km/s LL'F, 4 Ti2 7.0km/s
LLES8Okm/s AT THB L L. EFVOREIR, B
MEOMMEEZZ T, LM 34.7TELS 35.6 F, R
133.1 25 1361 L L7-. EBRTIX, SROEE
120.5km/s, & 5km BEIZHX.

EBTIZ 665 BNOTF— 5 LBV, T—I8¥D
BWEE ThbL665EELT VT LISEATI,
80, -+, 50% DF— ¥ EFHVHEIIOVT LM
2. |13, WD 3 ODFERECETTHER
For:t %, 20 AOERIRERHRNSIERTH - A
BEEFNREN % CRLEZDDTH S, 1220, ¥
T+hbbH100% OF—ZIZonTiE, 1 BOERE
BThHD. ¥7, BEO-DIL, EENT— 5 R
TABENET— 2 IO LEEOR/ME, FHE,
BAEL®2 IR

#£1 10, XARLTRET 2 ERERKIS, HOF
MR B L THERRIVERTHIHEIHY,
FTHbbRLBVFMBEE 2>TWVE I ENFHD.
EEBRMMEHEEIL, HI280% LTORRBEICBWT
BHEERERVERTHIHEINELI( BRI TS, L
1:ho T, BRFMBH, FRLEEET) 2D
WCIRBBDF— S R LBELTAHERETHD. KB
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THOWERMFEMEEEL, TFVOREM L BEY
T DBEBIESNTRTOT, BlEIV VT —
YEERIABPTIETNVERFMT 28M2H 5.
DT LI, £2IXBWT, SROFEMBUELEHV
IEHEDERENT— 5 2 MR T 2 BIEOHEH, 1HH
EHRETHAVHECHBEL TA 2w Eh s b0
5. LUEXh, ERTHOA-EROFMBAEIZ, B
K7 — % LS 7 — & O#RIC ROV THETER
RREICHRTEMTHY, TOLDIHEERITE
BTHLBEN oot EIZONSE, 372, 1
2, Ay FoEBRN2 FEICED C FEREICBNT
i3, ERKEVFEDLDOTERBEIILLILERLTY
5. Ay bOERN2 REICED  FFESREIIHET
27— OEPEERLERVD, 2 IIRT LS
I, CORBLRVBEORENT— 7 2 MK+ 5
REo#E1E, OREEBOHEICHKRL T %
WV, RKERTHW:7— 73BN T— 7 2 E8E
O, RATET-IOBEBEERL 2wy FD X
B/ 2 Feik il ED (BRI, EEXRFEDbDHTE
Kol EZONS., EBIIE, Hy boER/)2
SR I ED BRI, BREOHFIRIERAE
RETHNTHNNT— 52BN LF—2i1c8 LT
Bwbhadad, H5VRHRETEEFVOEEE D
ZHRELTHVWONE,
IHODERIL, BN T— 5B EMEEL, W
ETHETNDENRESNTORWESICIE, By
FOERRN2FED LD RN T— 4 kBN T A F
IS ED GHlRHE LR FMR I B LT, K
WL TRET 2 HREHAESBENLTVDLILERLT
V3,

5. bH Y

SBOBI T — 5 BT B EIRRIEIC BV T,
FERAVONTE MR IGEY TRV D, MR
MBI OV TRVAIBRPERSLETH-72. 22T
BREB/MERRFERY, E¥ENT—23HBT2EFL
EBIN T - 2 HBATEEFAVERET A LIS
ENEFRLT, COWRICESIHREBRELREL
7. SBOBINE T — 5 HEAET 5 BIREEO RAF)
THHHMBMEXERERERBIC BT 2EROEE,
WRETERAVONTE FFMREEICHBL T, 1#
BEBREIEZDOTERTHLILEBETA LA
Tal.

ORI L L TREAILTE 2MBEEBREICRELE
EL, BEOMBERR) & 23NN 7 — 5 H8%
FETIHENDLEEXLND. KR L TRRL:,

Nov. 1996

BN 7 — & 2|/ D BR/ANEERRERICES CERE
RS, HREEEREEERBEUNDE < ORIEIC
DWTHLHENTHLIEEZOLNS.

W BREIIOVTHI TV W FER AR
KR OARERMEIR, HRIES L, BEAERK,
BIURBUBHRIIBRELIT. /-, BER LS
RiZR7F—yoffticowTbBHEICL YT L.
FE{BLEHL ETET.
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