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The decision-making model of spare parts support based on

sequence operation theory
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Abstract: The supporting process of spare parts is associated with a number of uncertainties which make the decision-
making difficult. Based on the probabilistic sequence of sequence operation theory, we treat the quantity of demand,
provision and storage of spare parts as a one-dimensional discrete random variable. The interaction between random
variables in the support process of spare parts is analyzed through the addition-type-convolution(ATC), subtraction-type-
convolution(STC) and the and-type-production(ATP), providing a dynamic description of the supporting process of spare
parts. The demand-rate for spare parts is determined based on the expectation theory of probabilistic sequences, by which

the time and amount of the inventory are forecasted in the decision-making.
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1 5| (Introduction)

FL 25 B AE AR B AN — AN (R R, e YR T 4%
PSR, W R AT AEE | i 252, Hoh s 4%
A 5 SR 2 HH 2 A A W 5 | A 1, T S A ) A S
AT 3R S AT 25 9B L 4R R B S5 N 2R g, 2
—ANBEHLAR RS VRSO, B IR AT
165 I AR B4 ], 0T 405 PO B S MR A ) R0
B IR YEAE RS dEB N B R e IR B SE N
AKX, AAHER S — AR E, N SET
FEAT A AE — B B IR A7 fid st S BEATL . 75 DA
FEM A A W U 50, B8 T & FF SR B,
ZME T AEAS AN o PR 2EAE A B B BE L.
B A SCHE R 712 S RSN (SOT) BN B = % 1F
PREFE TR BT R, 7625 RS A A T SR BE ML 1 [H] B, 78
9375 18 T e AR EAAT I BEATLEE, A AR
(145 PR ke SR A S

WA H #A: 2006—08—26; W& MR H #1: 2008—04—21.

2 JFHEH PR (Sequence operation theory)
2.1 JFFHI#EE (Conception of sequence)

X LR A R A e s AR AR S IX [A] 1) B
Fla(i),i € [0, N,), &PHERIG RN = 0, &k
Hi= N,.

5 EOF A K 2T Sla(i),i = 0,1,
2, -+, No, RN R BEF IR
2.2 JF¥iis H (Operation of sequence)

A WA KB Bl ANFIN W & )y
Fla (i) Fb (i), PIANFEHIE RIS H A F:

A

~
N, = N, + N,,
Figan N s
totip=i
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25 4%

PRI P sE SIS s 5, 81X (1) Ma(i)
b (2) KM P F A BE A N,), iR il

x(i) = a(i) ® b(3). )

it E U, DT D07 ISR AR

INAEAT BTG B A S5 i + 4, = i PARYL

é(Z'un Zb)

PANFPBI A ZZ I8 AT
é\
N, =N,,
[ABEL IR

y(i) =

2 alia) b(in), i=0.

10 <t

> afia) - b(ip), 1 < i< N,
- 3)

QT XM is 8o & 7 is 5, 7 Hly(i)h
a())Fb(e) % 22 P ALK BEAN,), BFRE 2. i
%
y(i) = a(i) © b(i). (4)
WP RRIE 5, 4
N, = min(N,, N).

3 R Is 5
u(i)= 3.

min(iq,ip)=1%
ARG X is Hoh &L M is &, 77 Hlu(i)h
a(2) b)) AP AN FEAN,), FiFRAZ R id
Vol

CL(’L'G) : b(Zb)’ Z:O, 1’ o aNu- (5)

u(i) = a(i) ® b(3). (6)
2.3 MEERMEF 5 K I (Probabilistic sequences

and expected value )
[ %H ‘[l/(}g y‘jNaE(J % jﬁﬂl}% ﬁUa(Z), 1 = 07 ]-7
2, Ng, B AL NI4T
a(i) >20,i=0,1,2,--- | N,,
Na (N
. ali) =1,
i=0
WIFRZ P51 0 — AR 81, SRR R 4
G
CAMER TP Sa(i), i = 0,1,2,--- , N,, FKi%
Fe A 10T st mi
Ea:%i-a(i):%i-a(i). ®)
i=0 i=1
LTS AR, AEREAR R e Is SR, R
Py 51 ] AR I 28— 2 By O B A L AR B R 7
Ap.

3 BT RIS E &R
#2318 (The process of spare parts support
based on probabilistic sequences)

A SCLARR A i SRR LR P 1 Dk B, 8
SR YEAE AR AT BOR B AR YR B U B L AR
B, R AT AE S A R & A OR B R P & BE LA
R B AT 0T 26 DR Bl SR R 0 52 01
31 BB R F P 5 H R X (Sequences con-

ception of spare parts support )

1) & AFT KA IR 7 1.

EX 1 AR EAORBE IR , Sk A
MU R AT PG (), iy = 0,1, , N,JFR N
2 P SRAR FEIRME R 5 1. 4 Ay o A Wt 11 ] i
RS, R AFT7 KA BE ;. N, R S o R B e 25
PR SR LR 5 KA. ERRoos & AT DR IS EAT (IR

2) JRAFEAT A BE A P41,

EX 2 v 4+ LR O B o R kAR T,
PEAF 0 A7 A (1 S B I B 23 23 A PBY) (i), 4 =
0,1, -, S,FRN PEAE & ATFA BE IMER 7 5. 0 1 1
FERMAR L S, 3R IR 0 IR U R A7 A A A B ) B
KAH.

3) THAEM IR P81

EX 3 AL ok & A Ok B B b T AR
HH IR H o R 1 2 A R B A, X BT A
7 25 PF 9D SRS R S AT PU ™ (4y,), 4, =
0,1, , S IR ATEREM FE I 751

FEGIR AT PR R TP AT OR8] (4, 4 ),
P R B A 0, My, = min(iy, g). WPU® (i, )
PG (i,) 5 PBUY (i) PiABEHLAS A /M, B
WL T ILEREAE. SN RIs FHE X, TRl

PUW(i,) = PGW(i,) ® PBU"Y(i,).  (9)

4) AR AT A BE R PP 41,

EX 4 1EBoR& R TR S A7 #5198
REMHIAEDTAPBY (i), iy = 0,1, , S, &
LN PEAF R AT T AR E IR 7251,

E A AT PR B ok 2 (R IR S 3 T AR B — AR
A (i, 1), WIZEAFEAT BT 42 AT AR dy P AE A

. iy —
1y — {0’
S =8,
Rk, 51 & Z2is e X, TR A
PB™W(i,) = PB“ V(i) & PUY(i,).  (10)

5) HhBEPHE ZAR L B .

iua Z'b > iua

1y < To,
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EX 5 BHAENBMESGPM® (i), in =
0,1, , Sy MBS B IMER 81, 4,0, R AH DY )
B M, T A 28 A W S A
IS, = N,.

6) PEAF & A HT B 41,

EX 6 FFolk&AFREEEFR G 8o + 1 &
PR OR B ok B R AR, AT TR AR A S e A
(¥ SRR %6 53 i PBM ™) (4, ), Gy = 0,1, -+,
S MR PEAT AT B B B 21,

Ho + 1 & A OR B R R A, BOR &S
6] (3, G ), WEEAE AT TR B 1, R

Z'b’m = Z‘b’ + imv Sbm = Sv + Nv'

PRtk 51 A RIS H e X, W R
PBM™ (iy,,) = PB™ (i) @ PM™(i,,). (11)

3.2 &4 K A2 R (Spare parts satisfied rate of
demand )

EX T A PEFT SR AL 2R AT R AL 1)
FRERE, RIS £ A1 O i () 10 280 4 A1 75 SR AT 0
I3 L, RO T A OR B (1) IR 45 7K, — R SR A A
i SRl 2 AE80%~90%. T 55T 74118 HHLL (1)
AT ORBE A BTk B, W AR S B A 2% A T FE Y L
MRS AR 5 AR IR A A 7 SR PR 2R S B 00 7 40
Eb. El

AG"™ = EUW /EG™ x 100%. (12)

Bt A DR O T 384 I, A 2 PO IS
WU/, A Al A A P AT AT, 45— A e 1 T
SRl A i,

AGW < ¢ (13)

I, DU A 4% A B T A2 A5 P ORBE TR LS, 3 7 22

XF PEAFHEAT A 78 D 70 1 8% 4 Bt A i A 1R oK

T A 38 1R A PR 2P 85 SR A 2 U0 B A 9 25 P A 2511
A LA, |

K = EG"(i,) ¢ — EBM™ (i,,). (14)

IE Yo &R R, A T SR W4T
2 2, W)

AGW = ¢.
WHE12) W 13
EU™ =& x EG™ /100%.

HF Ao — VR RS, o GR b R, A7
FAFFAGE IR B N EBM ™ (i, ), #7855/
B KN

k=EGY (i,) & — EBM™ (iy,).
UL 3 R 45 A 40 5 K 2 1R B0 5 A A A B

(12248, R

4 H ) (Example)
CL AN AR 6 H R XT7,8,9 H BATAE 45 31 i) S i =

B 2% bR A SR A ) e B AT T B,

.

PR AR ECR A, Z T 28 1 7 SR AL R R AN
F-85% 3R il 52 1Z M B 1) 2% A Bt ke 56 7 . RO
RRIR AR R AT, B E A CEE R TN FEAT
BT

&1 7890 (TGS HIL

The failure of one maintainable part on July,
August and September

WA % 0 1 2 3

THHEMAEP 005 025 025 045
SHMEMERP 0 0.1 03 06
IHMEMEEP 005 015 045 035

Table 1

1) #AEF R AT &AL 7 5 AT,
SIIE T7 7 G S A (KA1, 7 H 43 10 45 1
SRR LR 751 R 42,
K2 EHERAGEGETTI BN

Table 2 Probabilistic sequence and expected value of
spare parts demand margin

i 0 1 2 3 E

PGM(ig) 005 025 025 045 2.1

1T Al 2 R 8 RO 4, IET 3 251
ORI IR A 1P A28 A R VI 3 1 1) B ST B2
3.
A3 BRAEMSEGBMER T B
Table 3  Probabilistic sequence and expected value of
spare parts inventory margin

i 0 1

2 3 4 E
PBO@G) 0 0 0 0 1 4

2) TH AR BRI .
B A ORI T T v A7 45 1 BRI FEAR P52 (RO A %
1] &
W PUW(i,) = PBO(i,) @ PGY(i,).
WHCR D, = 2, WMPBO (6,) PG (i,) 41
AW FILR (2,2),(3,2),(4,2), (2,3).
RPUM (2) 1 F:
PUW(2) =
PBY(2). PGM(2) + PBY(3) - PG (2)+
PBO4) - PGY(2) + PBY(2) - PGW(3) =
0 % 0.2540 x 0.25+1 x 0.25+0 x 0.45=0.25.
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25 4%

7 A (¥ 2 3 FE A L (1 R 51 R 0 B
R4,
R4 JRBBARE A EARE ) BIND
Table 4 Probabilistic sequence and expected value
of spare parts consume margin

[ 0 1 2 3 E

pPUM(i,) 005 025 025 045 2.1

IR IR R
Fea ok

PBWY (i) = PBY(i,) © PUY(i,).
WHCR&iy = 2, MPBO (3,)FPUM (4,) 4
Feg/ I
1) iy = O, W2 41, < i ,AEH LT IL
Fifr:
(0,0), (0,1), (0,2), (0,3); (1,
(2,2), (2,3); (3,3).
2) iy = 20, WL A, — iy = 2MAF AT
JURf:

SRR PR AT 26 A (R A A AR

D), (1,2), (1,3);

(2,0), 3,1), (4,2),
n

- PUM(0) + PBY(0) -

- PUWM(2) + PB©(0) -

: PU“) 1)+ PBY(1)-
PBO1). pu® ) )

.PU“) 3) 4+ PBY)(3) -

- PUM(0) + PB)(3) -
-PUW(2) =
0x0.050+0x0.254+0x0.25+0x 0.45+
0x0.25+0x0.254+0x0.454+0 x 0.25+
0x0.25+0x0.454+0x0.0504+0 x 0.25+
1 x0.25 = 0.25.

( (
( (
( (
(3) + PB™(2) .
( (
( (

T 1R A% R A A TR AR e 4 R B
R5PTR.

R5 BAEEORRAS AT T AINE
Table 5 Probabilistic sequence and expected value
of spare parts residual margin

ity 0 1 2 3 4 E

PBM () 0 045 025 025 005 19

FEORRR S, SRR GE A O AT 4E1E. th
THUEAE DR E SR 0.6, BT LU AT R
A RVESTAE R A

P(x =i,)=CyrP"(1—
iy =0,1,2,3,4, p=0.6.
HAEH P81 SR R PR,

%6 BEBEMERINAIE

Table 6 Probabilistic sequence and expected value

p)" ",

of spare parts repair margin

im 0 1 2 3 E

PMW (i) 0219 0400 0284 0.097 126

PEAF 2 AT BE I 7 51 A
PBMW (iy,,) = PBMW (i) ® PMW (i,,).
WMHCR & = 2, WPBW (i) FPM™ (4,,) (141
AW JUR:
(0,1), (1,1), (2,0).
KPBMW (2)1F:

PBM®™W(2) =
PBW(0)- PMW(2) + PBY(1) - PMW(1)+
PBY(2). PMW(0) =
0 x 0.284 + 0.45 x 0.4 4+ 0.25 x 0.219 = 0.235.

7 R B8 A PR BRAT 45 5 W 1) PEATE S A B4 FEE 1)
MR 750 SR QR TR R,

AT BB TR 5 AN

Table 7

robabilistic sequence and expected value of spare parts new inventory margin

Th'm 0 1 2

4 5 6 7 E

PBMW (iy)

0 0.099 0235 0.283

0.226 0.115 0.038 0.005 3.159

7 A (R EAT 26 A A RO 8 H A 1R A
A IE 2 58 A 4 N 4 AR DR b i A [R] B AT BASK

138 H + 9 H 13 1) £ A PR it ak 2 v 25 Bl AL AR o 1) A%
A L an K8 971,
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Table 8 Robabilistic probabilistic sequence and expected value of spare parts support on August

i 0 1 2 3 4 5 6 7 8 9 E

PGP (iy) 0 01 03 06 — — — — —  — 25
PB® (i) 0 0.099 0235 0283 0226 0.115 0038 0005 — — 3.159
PUP (i) 0 0.189 0411 0400 — — — — —  — 2213
PB® (i) 0403 0251 0.192 0.105 0039 0009 0001 — —  — lLlel
PMP (i) 0126 0377 0367 0130 — — — — — — 1501
PBM@ (iy,,) 0051 0183 0267 0230 0.148 0079 0032 0009 0001 0 2657

A9 AW EHREIEMEF T RE

Table 9 Robabilistic probabilistic sequence and expected value of spare parts support on September

i 0 1 2 3 4 5 6 7 8 9 E
PG®)(ig) 005 0.15 045 035 — — — — — — 21
PB®) (i) 0.051 0.183 0267 0230 0.148 0.079 0.032 0009 0001 0 2.657

PU® (i) 0.098 0289 0438 0.175 — — — — 169
PB@® (i) 0420 0222 0.171 0.106 0.053 0.021 0006 0.001 — — 1242
PM® (i) 0204 0407 0313 0076 — — — — — — 1261

PBM®) (i) 0086 0216 0257 0.193 0.124 0.072 0.034 0013 0.004 0.001 2.501

3) AT K .

7, 8, 9 3 1A% 1 55 SRl i 43 33k
AGWY =2.1/2.1 = 100%,
AG® =2.213/2.5 = 88.5%,
AG®) =1.69/2.1 = 80.5%.

R 8 1 it SR AL 5 1 SR, U ZEAZ P 2K i
JEAEHEAT #h 7E. ARFE (A4 R TE RN
k=2.1x0.85—-1.6895 = 0.0096 ~ 1.

MR IR 5T, 1% A E8 H AR AT 5848 55 3t 75 b
AR IRLZE AT AT
5 /N4gi(Conclusion)

BT P 4018 SRR 1) £ A7k v 5K 53 A 78 o
R T TSR L S R EEAE R BRI BE L, 17 HL
AT DA 28 M IR B o8 A O B 1 R S AT 2 A
EIRDBLII BN, MR, TEVUE AT A b 78
TN, AT AR B AR Ol F DL R B 3 s ) A
o5 ek 25, DI AE 15 26 A O i R 28 5 X ] 5.
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