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Research on demand forecast and
inventory decision of chain retail stores
based on machine learning

Abstract

As a form of distributors, chain retail stores have the characteristics of fixed product types,
large customer flow but low loyalty and unstable demand. In recent years, due to the rise of
online sales and the sudden impact of the COVID-19, the living environment of chain retail
stores has further deteriorated. With so many unstable factors, how to accurately predict the
demand for various commodities, and then help chain retail stores to make reasonable
purchasing and inventory decisions, is an urgent problem to be solved. This article uses four
machine learning algorithms: Random Forest Regression (RFR), K-Nearest Neighbor Regression
(KNR), Support Vector Regression (SVR), and Extra Tree Regression (ETR) to predict the
commodity demand of the validation set. The five-fold-cross-validation method is used to
evaluate every model, and Extra Tree Regression (ETR) is selected as the optimal prediction
model to predict the commodity demand of the test set. Subsequently, based on the demand
forecast results of Extra Tree Regression, two inventory decision-making models considering
order lead time and service quality were constructed. The integer linear programming algorithm
is used to solve the order point and order quantity, and the cost advantage of dynamic- adjusting
inventory strategy is compared and analyzed. Finally, a sensitivity analysis of service level a is
carried out, and it is found that the total cost will increase with the increase of service level, and
the total cost of dynamic-adjusting inventory decision model is always lower than the total cost
of the static inventory decision model, further verify the advantages of the dynamic-adjustment

inventory decision model for guiding the chain retail stores to make inventory decisions.

Key words: chain retail stores, machine learning, demand forecast, inventory decision
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S AR =R TR AR+ D B A
(Q):% +— (4)

TC : BURA
Q : HIRHEE



2R ARH L 3 S THLA8 2 ST 1 B0 T B T R TR A e T
h = BRSO
s« HRUCKMR A
D : BFERE
A (2.4 X QR—HrFIFLHETE, [{ARIRELITEREQ .

_ /2_ (5)
2.2. 3BT REFIER

BEALRE KT AR ) T2 B R SR AR RO A R R, BRI SR AT (1D
(r, Q) KW, ZHRMGIFELMEL AL AT, — BERIEAATCT v ISL BB T4 T, H
BRI Q. (2) (s, SO Mg, KM E I IIEE Ay, RIS sl N 2R A /KT
s, ABATHNGR: WORPEAFACEANELRL s, AU RN REREI S, (3D (1, S) B,
RN O E ) ¢ I PEAE A A, RIERL RN A SR PEAF KPR T S, MISZRI#EAT#M BT, JF
HORE BEAE KA 2 S

BEHLRG RN B AR (R S E0 4 T i S AR R B S A AR Y o i S A Y,
BRSO 75 SR 20, AETHRIIT AR IS A 8 BE A THRIF A BT B2 Rl AT S i, (HBEH
TSI RIOSCIL,  BE U I A A AR R, PR G A AN BT
11T BN FEAF AR R AR Y 7 SR AR BRI SR 0T 2 5 00, X0 B8 AT STt AT i 2
EHTHRROAFENE, EEABRSIE H —ER NIRRT R, ERA T sA BT, &
B X 5 )

AT PUEA TR IMEIR, AR mBEHLR RGN T, HE& 7 EaaiaE
SEBR T SRS RTIIRIAR 55 A 20 R SR 26 1 RIS 1 RS PR AT DR SRR RN 2 28 8 488 P A7 1R 5

*Eﬂo
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ZHIR AR RS ST HLER 5 > B TEB T AR I 5 SR AT SRR T

FZEF ETHNSRFEINEUTEETRIN

3.1 BRI

ASCHAS B R BT KR 56387 & Kaggle EIRALESI T E M A 17 50485
BERYE . ok A TEEIF Maharashtra, Telangana and Kerala =N & A ESIEE)E, XL
HER AR NG A PR A E I 2 RS i, 32 BT POV 9% i (fast moving consumer goods),
PRI EY) (drinks and food) DAR HABZERG & Cothers) , 3% 50 A it &HiLA 10 X
EBFE)E, HA Maharashtra 5 4 ZIEBIEE)E, Telangana fil Kerala 737 H 3 K& EF
BIE. BERFGEIEE 6 DA E XN, A X 2 AR b, B
Wik 2B I 1A] DL SR8 SR AR A5 U B R o B R Al A N7 4 — e B,
REAMHIREA EE AR . AR, AR LA B X IR AR 2 58 AR A 1Y

HAT IR, A i 0 75 SR AR 2 i 5 5 2 BARYE Py s B 15 DU H IR 2256 4] T
BEAT TR . H T AR B 2 AR T, AR G5B AT 50 ) HERA M 1 S B e oK
SHERKREN. T RERIX— R, EREE I TR — R AR ) PRI R 5 Fh R
it ) 7 SRAEEAT TN, NI A6 B ) R A7 TR SR HR A AT SO

3. 2 BUETALTE

3.2. 1 BB *®

ZIEFRAIE E B E B A A M 201255 1 H 3 2014 4F 2 A 14 177 S48 B 408 , 3 395000
%, NEMEAMEE. FEELR. HEGEREEEEE. KR AE B EEE LR
ISR T . g T BIBCLAGE IR I aE EEHEEATE HIAM AL, HEEEH
PR, s . mamres. EEg S HEXE. ML ARMHEE. A3
KH excel. python E G0 #7 L numpy. pandas 2%, JEIIARE = EE S P ASE EE,
MR B2 IRHIE, WP T RS ST E RN R ERE, Wk 3.1 iR,

* 3.1 I ERIRAEA

H 1] P s B X S [ALEEES )i Bl 9 I HE A 0
2012/1/1 74 11 others 111 Maharashtra 0 49 2.94
2012/1/1 337 11 others 111 Maharashtra 1 49 7. 44
2012/1/1 423 12 others 111 Mabharashtra 0 49 0.97
2012/1/1 432 12 others 111 Mabharashtra 0 49 4. 97
2012/1/1 1753 31 drinks and food 111 Maharashtra 1 49 1.97

T A M RS T A Gt 10196 3. 2 BT . W7 DA BUREA SO IR R

SIATHCRES), RAPERIBHE. SRR, BT R R,

*® 3.2 HRtEgLTE

LR RYR:  https://www.kaggle.com/mragpavank/predicting-the-sales-of-products-of-a-retail-chain
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ZHIR AR RS ST HLER 5 > B TEB T AR I 5 SR AT SRR T

P i G B X 3 G5 A e RS B JE%L &
FEA 395000 395000 395000 395000 395000 395000
Sl [E) 1509. 96 24. 46 211.2 1.228919  105.0709  4.987644
PR % 809. 7995 6. 337862549 91.16129  3.595266  32.57875  3.874444
B 926 21 113 0 77 2.68
A % 1325 22 221.5 0 105 3.98
e DA 1753 31 331 1 133 6. 48
f/ME 74 11 111 0 49 0.05
i N1E 3021 33 333 293 161 44. 36
HhRAE 0 0 0 0 0 0

M LB LUE, BRI AECY 0, BRI A 2 2o i B A &8 0.
AN R UL H A E Y B HEAT FOR TN, FERS S AT FIRIIE LT R it 7 SR B ANRE J9 /)
B, BRNNTINEERKZ N0 801, AREMSIRITF R N SEFR s KA I O, i< 42
BORIRE . BRI RS LR E o v B 1, SR AT 75 SR 1

ATCHE 2012 HE4E 2013 BT 2014 £ HT AN T A8 65 K LU D9 it 1) & 1 BE4T %070
2% 2012 SERIBR S PR 2013 SERIR G — R, BAL 2014 SE Z HIIE =K. RGN
SR A Bl A FD R O B R AT IR, 1931 2012 4 B2 JEA B HE . 2013 4F 52
LR 2014 AT 8 LS, IF 0 i Bemis oy 1-52. 1-52 1 1-8, 15214
A EINLAS - S AR R

3.2.2 #¥iEio

FESE BHEIR Y ARG, G w7 SN B AT R e i, 53801 & B E T34 se kbl
Fe A S ER T A S NGRS E « ASCRHR IS B A N RFE R AT RRIESE B, R ki
%6 BAEPRAEAC LA LG k 3758 SRR R 70 M ZR4E . Ba ik AR ATt Ak

1. FFERE A

HE 3. 1 IS5 S AP SRR g -7 e 2R, ELES o7 ) B R ae A B AUE T s, 1A
B IR MR 450 category (702D HdRZEAY, SAJ5 KA Label Encoder X} category
B A AT i o B 2415 B LR w05 5 3K drinks and food = 0, fast moving consumer goods
=1, others=2; Kerala=0, Maharashtra=1, Telangana =2,

2 LT %

I FFAE IR 5 BR O AT AE, I FEIE S LA S BRI IE 748, IR BRI . X
T HRE, T/ RIS 8] &2 AR DN AL, 9 oRAFAE, TG XT3 id
RRIE, BT iZgmtd N 49 FFEETHF gid 2] 166, A FFEAD I REUE A BEXT B, S8 J0 RAFAE,
TUGIER, FFOREE AR 1-62 J B0 77 3o b AT T- R P 2 R0 M R A Ei 8 2R 8L R 74
B HTUARHFE, T UAAIRR, JFOREE 0-1-2 HIZid 7 2o

3. RIS INZREE . B urE SR AN AR

FERY BN 7 SRR A, PEAS AR R W A HdlE L i TG R R AR L2 4k

12



ZHIR AR RS BT AL o > AP T E  SR T AN 2 A R ST 7
PERERIA RVl . X TG BRI T7 ik, — AT ER AR 7 SO AL AU ZRER ANt
&, ArEM TG, Ja&E AR Az AR RIMAS BB RS, s
IR i B2 A0 AR ) O A SR PPAL AR R A PR e, B S O R 1 — 3B, IXARAR
B BN E .

P AR 3025 R& R k 3158 ISR VA IE B S 0 28I 254 . B Ak £ . I
ZEM T WA AR MR, I0UEER RIS UE R TR Wi A iz Ak PERE,  itEE H]
RVPAL AR (T BE « B AS 2IRR AR —A> 74R EPEREIEAS S5 2R EORTT SRR 1
BIVEREVIALZ5 R B, BRI s R Bz A Be, @R G k Frac SRR B B A0 h

s
T WiFFE

_k 3\
B "::> 1
BRI M —- .

1

e NN EEE | == 1% el da="P

LA N ] -
s WL T T T T T T T J=pe

B 3.1 k P38 X6k R

ARICE ST 2014 F 1-8 JA MAHE B AF I alde, 285 BRI A R A B 2EAT I
ZRAEANBAER AR 7o 25 RE BIREA B AN RFAE RIS o5 LEIRDE,  HE AR IS 4 ) B
MHEXEENGH, TR b P38 XRAER TERI 3 I R IEER, TR
IEYIREE IS IE S P e WS A T i, 8 1 Se R AL 70 VI ZR B A 4R 1T 3 S 36
AP R, ORAIE TR AR RS, S A T OR LI R B S T .

4. BlEbriEtL

IR FEA S, R NRAEBUE VS BN, BUE A Z BRI RFIE 2 LA 2 >
RSN GRS P A BORR 72, M TR L o DR HR I ARHEAL B D7 AN ZRER . Ba uE AR AN
MR AT AL, EORE T BHHE A G B O M EEE R 2 A TR A(E S, #Eim
PEREILTNERE . Fed WU

O —
O = (6

Hrp ONRARHERIREAE,  NHAREE.

3. 3 IRBIFIMEE R 531

A PLR?2, MAE 1 RMSE 1E NI ERE PR e b5, 1 5 P738 XIGAE K L FENL AR
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2R AR X ST HLE 5T 00 BT 8 7R BB P2 Ve R 52
FRIENE (RFRD) K AT 4B[E)H (KNR) « SCHFFRIEEIH (SVR) AR EmBEALR [E1H (ETR)
VUL 8 2% )AL )3 A M B AT FROMIRG B, 306t e R ) PR ASE 28 o i J5 6 T A AR Tt e 2
X 2014 4 1-8 I AS AT TN, Bl AL A [7] s o S 28 g = v & R4 T &5 SR T
AT

3.3. 1 {REEBEH

ASCHH python [ Sklearn BHRGTFEALARAMEH (RFR) K #T4B[EIH (KNR) « 32
&R (SVR) A SmEENLR EH (ETR) PURDHLAS 2 ST RLEEAT 5 3738 XIRAE. %
3. 3 ARSLHHE A (R i 24 (LN A HlL g 5 ST S A & #2022 IR
e, X BRI AT DU 1S5 RAR AR T S5 A P R -

F 3.3 AT ALY (1) 43 i 2 4

Bl s 5 > F Y S 4 HEHUE
n_jobs -1
criterion mse
BEATLARAK [E] 5 min_samples_leaf 1
min_samples_split 2
n_estimators 1000
n_jobs -1
n_neighbors 5
(SURHENS weights uniform
metric minkowski
p 2
kernel rbf
XA E A A gamma 0.1
C 100
n_jobs -1
criterion mse
AR i B ATLARS [ U min_samples_leaf 2
min_samples_split 2
n_estimators 1000

3.3. 2 B MBI
AL R?, MAE #1 RMSE 105 A_EPURRHLES 2 IR R PEREVE U Figbs, JEIEXT 5 #7138
SCIGUE I RRRNE RE VPG 45 RORIIE I 572545 SRR B 28 (R VPl 45 R PEREVP AL 45 R U3k 3.4
FIs o
3.4 5 P G UERBL AL BE PPl

HL2S 25 ST EARIRE/ MR ME R2 MAE RMSE
1 0.2086 6.6353 15.2764
BEALARAK B 1) 2 0.6161 5.4323 13.8526

3 0.2983 6.0311 15.217
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ZHIR AR RS

ST HLER 5 > B TEB T AR I 5 SR AT SRR T

4 0.3867 5.7341 13.7946

5 0.4092 5.4749 13.6733

PEREIIE 0.3838 5.8616 14.3628

1 0.3585 6.5935 13.755

2 0.532 6.0996 15.2951

, 3 0.3563 6.4187 14.5747
KILSBEA 4 0.3951 6.3246 13.7002
5 0.4598 5.7013 13.0744

et 0.4203 6.2275 14.0799

1 0.3148 6.4219 14.2162

2 0.2683 6.8726 19.1255

o 3 0.2773 6.5199 15.4431
HF AR EA 4 0.3953 5.6779 13.6979
5 0.3066 5.9433 14.8124

He A 0.3125 6.2871 15.459

1 0.2937 6.3438 14.4327

2 0.6392 5.2703 13.4307

", 3 0.377 5.5795 14.3391
SR BRI A 4 0.49 5.3107 12.5788
5 0.4937 5.1241 12.6574

PEREIIE 0.4587 5.5257 13.4877

m BTN, B BE AL [ VA R2 N 0. 4587 KT B A =Fh P, 26 oA # i B AL
B 1B A A AR e . [RIRER Em BEALAY ) MAE. RMSE 43712/ 5. 5257 Al 13. 4877 /s
T A =PRI, 2R BH B v B A LARS [0 U5 PR FOO RS B e vy o 2R 5 0T AS, ARImBEATLAR [H] )
FHAT A = i B AE R DL A28 b %) Tt NDAGS P2 R A e 7 st DR b e 38 0 o it AL AR
[EEEEAT IR A 7R SR T, FEHE TS FAE T T EAE RS AR

3. 3. 3 tRumBEHLI AT LE R

A SCAEAR Sy AT 1B VA A S TS A, 6 ORI AR T 2 AN AR B 15 0 R X 2014
fE1-8 FR T REEAT T, 5% R2H 0.3411, MAE A 6.0088, RMSE &y 20. 6638.

29 ST LW P e B AR v A AT [ U1 T R R, FRATTBEAT LI BCAS [E] M A 5] )5 B DL &
ANFEIFRER =R, R Al a4 o T B AR =, AR E e AT TN 7 SR A
SEBR T SR PTRLAS o =l p i ) AAE B a0k 3.5 Fos e

R 3.5 FHLALE A AL R

] i P JE Bl i R 7Y Ml
P — 74 113 others Maharashtra
Pl 659 112 fast moving consumer goods Telangana
P il = 2853 333 drinks and food Kerala
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ZHIR AR RS

FE T 8% 2 ST BB 5865 i 75 SR TR0 RN B A7 e SRATE 90
30 ) 30
W EfRFR R
BT R
25 25
» »
22 £
= 20 20 =
E =
15 15
10 10
5
0
1 2 3 4 5 6 7 8
& %

28 8

P 3.2 T il — T 5 SR AN S 5 SR AT AL L

K 3.2 7% 2014 4F 1-8 &7 v — Cother 2R i) A TR 75 SR AN SZ o 75 K B AT AAL KT HE
H EEIPTRAE W, i i 0 F R BB/ AR REEEUN . fa—5 3. 4. 8 AT
RELIRFTRMES K, MEEN 35 28 6 FIMIRE /N, BN 0, RTINS LT -
2. T i T SR AT ALALRT B

30 - 30
W SEfRiTR
W TR
25 25
* »
2, ®
iz 20 20 5
15 15
10 10
5 5
0 0
1 2 3 4 5 6 7 8
J& %5

P 3.3 T il — TN 5 SR AN S B 5 SR AT AL L

3.3 7& 2014 4 1-8 AR &t — (fast moving consumer goods K7 5 ) M FUM 7 K F1sL
brig R AL S te . B EEEAT DUE Y, %0 i 1B 75 R &K B /R R s . w i —
6 BRI FE R 5 SLbr TR RS ok, mMEME N 5; 265 M mEHRD, MEANL, &
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MR FAR i L2 > B A o R TR A7 e e
(LSbpve S 5e St
3+ A = R A A E

40 — 40
W SEfRFR K
B T sk -
35 Fou| w7 =R 35
+ 30 30 »
iz 25 25 =
20 20
15 /“---——\ 15
10 e 10
5 5
0 0

1 2 3 4 5 6 #

Bk

P 3.4 T il = T 75 SR AN S 5 SR AT AL L

co

3.4 /& 2014 4 1-8 A i = (drinks and food 2575 &) TR 75 SR A2 BR 75 3R 10 A
P EG . B BRI AR, 2280 a0 Re R AR K B 7R SR BB . il =55 2 A
TR R SRR R B oK, (a8 28 4 BB e/, s 0, A& AL
R

SERE S M BEATURE [B] YA e A4 TR0 25 R B A R S e H S BR 7 SRAZAL AR, TR0 RS
FER R, AH A T 5 SR AN SE b 77 SRATAEAE BOR BN R 2, TE AN BE 78 2 B AR S P e
DRl I EL R TR B & JE T It B AR EANE Y, XS SBUEFRAE M.
DAAR S 75 2240 B N AF & SE BRI e A7 D sk Y, DAAR s Bl AL [ U1 1 Tl A D A
W, AFBEARPT B ST Be &, DA KRR R PR A A
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ZHIR AR RS ST HLER 5 > B TEB T AR I 5 SR AT SRR T

EMETE ETHERFMNNENTEEEFEFRRIZE

A B W BEATLARE [ VT A A SR 45 2R, P S e 2 P A TR SRR TR 5 B 28 T B A R
SRR, R A AR AR 55 7T P M PR T2 A7 R SRS R B 7 A I PR A7 A R v I, 3
PG G (1 e s, 2 0 PO B 5 )5 I AP A, S iR 55 o i

4.1 BSERRRERER

B AS AT VR SRR AE T R B T 48 5wt i 2 B AN R T 0 S AT te i, R BN
YA R, RS EA R, BB AR 5 SR & BT TS AT IR 81
WE, TR EAF R SR A o AS B R AN TR A ) 7 o T SR 3 T R i B AL [ ) ) 45
H, FERN— NN ERSEAIIR.

4.1.1 RBVITT =7 AP

AT BN B A R SRR TR S 3 T W ity BE ATLARY [B] 1 P 5 SR P 25 SR L g, DA
TE NN T, LS AL R RIS ) 25 R AR SRR T, B e & BT 5% AR
WIRE., BRI

F4.1 A

RN A5 it
T TR, AL 2014 4 1-8 FA I T 75 SR AE N EEAF e At , w0 T M 8
d FRMTER, =1,2,3, -, 8, Hrr g 75 =K BB b LA [ T 15 2
a() d, % FE R AL
X B TIPSR AR B, MEE 0 R t AT U{EH 1 RoRE « AT IR
O BRI E, I IRBE N IEER
I 5 ¢ AR A7 KF
Iy TH I B AT 7K P
i T BRI
a E§%7J<¥
k [ 8 1T B pAS,  BPRRRAT B 7= AR 1 A Bl A
v AART R A, SITHREEEIEL XA
h BT P2 T PEAT R AR
D(t) 1-8 J& s fi ok
Fow(*) D()1] 2R A R AL
Flpo() Fou(*) I AL
So() DHIbRHEZ

BEARPOR B el BT, WNTIRSTESE « ARNA, EWEE « ANFRRE, #
RV N ¢ AR AT K, HARYE AR K ST A . B AR 36 ¢ LR
EAF B LA SR ¢ B JE 1 TR SR TR R — IR IT Btk sk . (AP e s R 2 —
RS KD
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22 KA R DR ST ST HL 38 2 T 10 0 T 0 R TR A7 S
4.1.2 1&8YE~T

TS AT R SRR TR oh (S AN AT B A AT A R A, LT B R 7 o [
JRAMI T AR AL, A7 R A S BEIOR (R A KT 2RO R &
BEANEANT DLIR I T B AL — € VRS AT 2, HA MRS AT 2R ) e A7 o SR T —
FESRAS A AR AR KO KT oG T — IR R, X AN SR BT A . 2T LA
ESRAE, EASEEAAA A ARSI

ERINTEAE

{¥y»= C + + (D (7
=1

LI R KA
P{ = +1}Z (8)
{}= {3+ - {} (9
< (10)
>0 (1)
{ }=0 (12)
{01} (13)

Hrp N Oy — AR K IE S

A AT SRS 1 I s R B2 A T IYIL L TR AT B AR B A7 5 A A 2 A
/o PUONAATSLEERT I, THRIIRIT I SL R AE 1 Ja 205k, S 1 A 2058 1
R IAAETH RN R Z A, BITBL 1 A 20 1 1A R A AT SR A [F 2,
[T-H1LTART SAE T RN A REILIL, FrBL T —H+1 F 2 T AR 58 A AT K
Ao M H bR R ER] LA :

{3= C + + (.} (14)
=1

ﬁﬁﬂﬂmﬁiﬁﬁm¥7uﬁﬁﬂzwMﬂﬁéﬁ%iiﬁﬂ,%:
+ = 0+ - (15)

BN IR 55 KLY RAR g -
P{+= .}, {123.., —) (16)
WA (15 AN ERIG R S5IT R EMTTE REA KM RS KFLR:

+ +1
Pyo* = = (17)
=1 =1
L ()= 1+ o+ g+ L BB ONE LR ORISR HBHLARR.

OIS 1 RIS B FRI R Ak . W _EAT BRI .
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ZHIR AR RS ST HLER 5 > B TEB T AR I 5 SR AT SRR T

p{0+ > (+ +1)}2 (18>
=1

H SR 0 A eR B R A5

(++1)(o+ )2 (19
=1

B RRE aye FTRESUATE:

= (4+ap()— o (200
=1
L )= W hiny() =, HEBDARBPERS, (+ +1D) <
IR a0 b FORTE MRS /K a TIEE 1 EZZE + +1 K LHKR. Bk, #
BEAF R A & n LLUE R

ERENZEAE
{ 1= C + + {4} 21D
=1
LI A
{ +}= ot - {1} (22)
=1 =1
= ()= o (23)
=1
< (24>
>0 (25)
{ +}=0 (26)
{0,1} 27

Forf N Oy AT IR TE RS

2% A 7 SR TN IE 25 40, 8 4 g T LS 3 7 o U0 (A0 e 22 2
50). AR T RIS AT ST, BTLAE 1 B B ER ()=
L, WIRNESA, & { YRS i HOFRBOIE,  #R% i RFRIOEE,
M 1A ¢ AT R B A T REZ AN { Oy= _ { W (=
(=, )% SRS AT abt, E&MM G =( - { O . B4
L O ATLAFRRA:

1
2
HO) = { }+ ( 2) (28)
=1 =1
XN AT DL 7 R IR . 75 SRR 22 A LIRSS 7K1 a B ABSK AR SRR SRAE -
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MR A AR B i 3 BT O 22 S IS A5 ) 75 SR TN A TR AT 52
4.1. 3 1HBK AR
AT LU R SR R AR A I A AR R AL TR AL R { bl
HORFER. 48 O= THO = o £ b Hha Q%R VE AR #RYE, B
AR Q) B A O=  ( _, 2) .
LTS A R RAAR DY Ao

ERNEEAE

{¥= [ + + ({+3-0(C+)) (29)
=1

A

{+}-A(+)= o+ - _(...)() (30)
=1
= ()= o (3L
=1

< (32)
>0 (33)
{01} (34)

Horp N Oy — AR K IE 3L

R Ao SHA A MHLE, BRAZ 7 IEE J A ( + ), B STIT6t
AT BRI R AT R o HEAMERL Ao 558 5E I 75 5K F K247 DR SRR A AR IR AR A, 29
AR IR DR AR o HE PR SR N (A R ST I T

I B AL
t1= C + + ) (35)
=1

2R %A

+ = ot - (36)
=1 =1

< (37)
=0 (38)
= 4 (39)
{0,1} (40>

For N AR E R,

7 R T PR U S TR 0, B 24 TR S A7 R U AR (L ) —
AC+ ) BEMERR TR T T A A R R A
B0 BSE R R T RO A SRR P 1 oy BT B A R A PSR Ao P
() = TE O BT PRI R R AR D, 1T BLF A RARH T R T AT
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ZHIR AR RS ST HLER 5 > B TEB T AR I 5 SR AT SRR T

PRAAI [ 7 R AR AT Ao, IBERZR R o

4.2 S AR EFRRIRE

BN PEAT SRR () e SR R v LA AP B . S8 — I BRI B 1T 1R A, 1%k
RSB S EEAA R EAETIARL. 58 I BRI 2 SEI i) 75 SR A B J5 B SR 1T T =, JF
PREFEE — B Bo R SR AT TR 1] AN

4.2 1 {ZRITE4FTiIREA

B AR B FEAT SRS S R AT R AT G B e 2 1T 02 0, SRS AR T H R P 75 SR A s Btk
BUOREERE AT B A iR e & . IS EAR T EAN T DL R AR &

F 4.2 HEAABET

TS A5 B i
n %1 BEIE - BT RORE
T; TTRR, LR8I
B ITREES, B={T1T2Ts,....Tn}

T; AT B
RIE(T, HASKI T RFEMNITHE

4.2 2 t&RVE~T

F—Mr BRI 52 ST OB RS R R SR SR Y . B ORI IETT R S AT T ik
TR B AR R AT RS 2 I B . bl 1T TR B AR O ) R BT R R, TR
B EREE. O TR REHEENRRZWT:

1 1!
2: 2+ 1+ 1+1+"'+ =1
...... (41>
= + sttt
=0, AR T4EL
b RHEAT A AT
-1
= * (42)
= -1
R AT S4TSR A ] 75
-1
= + (43)
[T TR ARRLHAR (42) AT
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ZHIR AR RS BT AL o > AP T E  SR T AN 2 A R ST 7
-1

>— (44)

M & W,  =0. WAE .+ —1FENERELKTEN:

+1+ -1
a+—-1— 0 + - (45)
=1 =1
A (43) AN JE 15
+1+ -1
a+-1= o7t — (46)
=1 =
T R 55 K- R 2R AT T LA il
+1+ -1
P{o~+ - = L} (47)
=1 =
A 2B T R AR A e BV 1S 2 IR 55 KT SR REAT TR E A RK R
= _1+ +1+..+ +1+( )_ (o} {1’2""1 } (48>
=1
SR L OMBSER R AR L+ IR BAR (28)
CIEGE
1
+1+ +1+ 2
_1+ R +1+( ) = { }+ < 2) (49)

ERERTBLREOLR, TR E AUREE A EREEXRR, Bt
ENAS B PEAF RIS I Be B B L, VRS AT A, AR
ERANZSEAE

-1
{ 1= +( + { D+ I =)o+ (- - +1)
=1 =1 =1
-1
+ (- - +1)
=1 = 4
+1~1
- (— =+ { +} (50)
=1 =
LYK AT
-1
=>— . {12, } (51)
= _1+ 41+ +1+( )_ 0 {1’2""1 } (52>
=1

23



MR FAR i L2 > B A o R TR A7 e e
HEARR ST, BRCRBEE Mg, HOVEYEMSC. Brbis BUR/MA
I, A ENEA . R BT L E R A AR O, R
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