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AT TERGET — % OFEFHIEE ORHT & FERFIHT A NZE OIS EEL, 2RELLER IS TWD,

W S TIE, AEOE RICH B IRFET — & OFFIMEE. 72 b ONCIRTET — & ORI FiE &
F OIS BT AR 2B LT- LT, Ao Bi%2 B 602 LT,

B [F—%) T, WockafE#R (Point-0f-Sales : POS) O—fY/eMEE % Rk ~7= ¢, ARBFFE THW =
A= AR RNT D POS T —HIZOWTEHA L2, 326 JE&D 5 22 ARNICIES R 1.6 fEL a— RO LY TOIR
SERLEKICINZ, H 2 DA & BSOS MR, FELEICH D 2 LBl T,

B e T — ¥ OFFHIME 2 58 LT IEE W RER IO FIE DML ) T, BRGEERERYID b FR T & H
ET D FEORBEEIToT2, KT Y VBEOEERZEDNEEMEICEA L TRELRDEWVWITA T—A =Y v
THIOWE 2R ~7e B¢, EEFRTREEZELLHET H720I21E, AT VTG A—FOEEFEIbETA
TG A=V U TICEDREREL I EDOXBINRNEZ2NZ EE2ER LIz, TOxRE LT, FEEFRERYY
MRIETHDIRA 7 A AV ZITBNT, BETMIT A T =27 =) U JRIZEBE LI LEREEZEA L, S
SICHEORFERRINCEB O CIIHIRO A X MEIC L 2 BRNRFEORMNI AT D, AR EE
OEEEHET HHLENGH D Z LIZEH L, IBEGMEORM & HEEMOMIED FiEE R LR~ LV ZITEA
L7z, MEFEODREEZ, GLETATHNCAER LIZRRY] & POS OERGERSRYITRIEL, 74 7 —Ar—Y 7
AN X B IERERZEORT Y VBN S OTREENTFE L, HERN R b2 T IEE R 2o kER IRV T, ##
EFECL - TT—Z AT LMY TEOHENATREL 72D Z L 2R LT,

W EEE RO FIEOBERBA~OIGH] Tk, LRoBEERIIOHT PR X 2HBEHRTELZIGH L.
HHEIRO H 5 PE5MmICR L, FEFEr 2 2 KK Lo SRR O & FAKRICE O 5 £ 5 IS EIRET 5 Fik%
BELE, 7. AR FEEITH 2 WRHICEFE VYN AE T 5720, Bl S IGERO T — Z IXEERN 2
FTEO TRMEICR>THDZ L& EHL., BB Lizhi7 o A2 icxt L, 8l LR G b b7 —#
WP 2BEMO R EHEEEZ WA Lz, S OICHSHEK & EEBAORELMEDOR . L Tabn s HiEEY 1
REOAREIEL, Al A2 AEL VRN L TEOREREZ R T HMEABERETIH LV FiEE2RE
Lize ZOFEONREHIET B2, k. MELEO POS IR A Z N ENAIER, KiGihDH %2 DFE
FERMUIIRTEY R 2 L—a Y EIT, T5%EL EORIE H TEEIEN 78 S Lo B O IRFERER S 215 FHIZI
T, PRI R 23% 2 SEARN LRI E 140%Cm LS5 RARR Lz, S5, EEUES. K
FEsL D POS 7 — & R LERGER RS ZHE LT, T4 7—A7—V v 7 ORNHE & 72 5 RGEECE K
EVWGAOMRRIEEIT o T2, TORER, T4 T —A7r—V I DRT Y BRI O L EOFEEN /N &S
WEIET T, AR EZE DN DEABOREORIZE L BEEICH L, 1WEEORIEe A THRELZ T DL LWV
I FER AT,

BhE IRFET — & OFFHOME & 2 0RIEOMRI | Tk, o — NMEOIRFIESROES) & omIcil+ 5
BEET VOB EI T2, £9°, POS T —F DN D, 4326 [EEicilbh b &fma— NI —HY%7=0 B X
% 8000 FEFRETH Y, TONBLZ B0 FENEH ANEDLSTNDZ LE2HERL, £/, @i — ORI
BT, BRI ARSI D WO RBRAIE RH L, S 5612, B2 — REOPGEIEHER O R RSO
fRNTN D, Ff 2 — REOIRGEIES B OEEN T 7 ARFRECEL T2 2 bR, BV IaL—T3
VLS T, RICT X AREREICE > THIRZRXKEINEZ LTI 5 2 & T MO N ERET 52 L %21
LMLz, TNOOREZEEEZ, BFMOANEDLY 25E L2 T 4 ARRBRICESSHEHET ML »
TGS D BT & DA OFEE R T2 N TEHZ L MR LT,

HAE S Tk, AFRZRIT T2 & L bic, SHROBEEZIRAT,

6% FSCE R IX, RIS 2000 7 & 530 300 35% 1 3 DRHT 57, & L<IFEIC 800 354 1R LT E I,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).
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The thesis consists of six chapters.
In the first chapter, we review the related works and present the aims and objectives of this research.

In the second chapter, we describe the data. The Point—0f-Sales (POS) data cover 326 chain stores of
a convenience store company for 153 days, which amounts to about 160 million records of every purchase

at cash registers, including daily stocks and disposals.

In the third chapter, we revise the Particle Filter for estimation of time—dependent Poisson parameter
based on the time series of sales number of a commodity. Firstly, we introduce the likelihood function
considering Taylor’ s fluctuation scaling law, which describes the abnormally large fluctuation deviated
from the simple Poisson process. Secondly, we introduce a discontinuity detection method for time series
including sudden discontinuous jumps. The effectiveness of our method is verified with the POS data.

In the fourth chapter, we apply the method in the third chapter to reduce the waste of perishables while
keeping profits high at retail. To estimate demand for incomplete sales data containing stock-outs, we
introduce the maximum likelihood estimation method for partially—-observed data with an upper observation
limit. The method for stock determination, which realizes the desired waste reduction with pricing the
waste reduction cost, is also developed. Numerical analysis using POS data shows that in the case of foods
wasted more than 75% of working days, the net food waste decreases to about a quarter with profit increases
by 140%. Moreover, we confirm about 1% profit loss halves the disposal when the effect of Taylor’s law

is small at large sales numbers.

In the fifth chapter, we focus on the number of stores which sell each commodity, and find that its
distribution follows the log—uniform distribution. Data analysis reveals that a random multiplicative
process well approximates the time evolution of the number of stores for a commodity. Numerical simulation
confirms that the randommultiplicative process ina finite interval realizes the log—uniformdistribution.

The last chapter summarizes the results and discusses the possibilities for further developments.
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