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Vendor managed inventory model with deteriorating items and
partial backlogging under integer ratio strategy

LI Xin-ran, MU Zong-yu
(Faculty of Management and Economics, Dalian University of Technology, Dalian 116024, China)

Abstract We give a single vendor and single buyer VMI model in which raw materials are no deteriorating,
items are deteriorating and buyer faces partial backlogging for unmet demand. It’s not necessarily the best
optimal way that vendor employs lot-for-lot strategy to yield items for the impact of setup cost. Therefore,
we allow that vendor employs integer ratio strategy to procure raw materials and yield items, which means
that each batch of raw materials procurement meet integer time of production, and each batch of items
yield meet integer time of replenishment to buyer. We get these decision variables of time that meet
production of each batch of raw materials procurement, time that meet replenishment to buyer of each
batch of items yield, replenishment interval and buyer’s service level by solving steps based on genetic
algorithm. The result of numerical example indicates that the VMI system can get the satisfied solution
of minimum per unit time total cost when vendor employs integer ratio strategy to procure raw materials
and yield items. The respective change of setup cost, deterioration rate and losing sale ratio has an affect

on vendor decision to produce and the minimum per unit time total cost of VMI system.

Keywords integer ratio strategy; deteriorating items; partial backlogging; genetic algorithm; VMI
—_
1 3|8

HEN RS FRFEA VMI (vendor managed inventory) JeE LN G5 PR —FPEEZE . VMI §y3E

Titi T EE TS BE R X TiT A e (Y DL BOss A= osoy ByReme 2. 2 VMI R40H0, (Hpe (3T Ar e i iR
BIANGT A BEAFSR, (A7 BEXEALE iS55 3h IR A0 b, Ulﬁéﬂfﬁ%é CAHSCEAS. HETHE I VMI Rt
IS R R B R AP B A KR IT. Cetinkaya % 2 XURESCE B Al Darwish 45 4 #2% BHOK 4
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H B EE— A AR BN RE T LR 7Y, ”:‘[%%%Fzﬁﬁq‘ﬂﬁﬁﬁq‘ﬁﬁ M7E %ﬁﬁ?%ﬂ Lirh, HERR
SRIEJFEBLH A =P R R E VMI RGedRH . Woo % Bl £ FEWI% © f1 yu % 1 53T
Y 7 R I RE SN L SRS SR SR e}, BT — YR AR SR BL A R Bk Az 7, FIEXHit (lot-for-lot) SREEE Az~
i, Bl —RA =0 7 S AR R A5 RN AT 48 T T B — IR 5Ty VM . S Ry i — R A P
B AKX TT BT RG B — I HE BT AR i, LS R R F B M SRl A 7= 7 i, B — IR A 7 I 7 et o B 0K
BT AR, A LR RIS SR i 5100 Zhang % Y 3f—2b2 BRALRY BRI A8 H SR mg A 7=
PR LR SCHR (5] #EAT TR R

B TAEE T2 T e BT A G L AR, UK, 8K . B8, o8RRI, B4R
P25 (deteriorating items). A/ET4E 12 1 Lan 25 31 ZE 350k [2-3] AYFERE BEBFSE T &7 B2 iy VMI A
B, HAR SR [13] i B AER AR T T R A% Zhou % U4 3RS T — NG AR T T B SR BE AR, A
R LR R A S B AT, ERARE U5 BF5s T — A8 28 R 7= ik W R 4 A7 B VAR, {HSCHRk [14-16]
AT IR IR LR TGAS. A S™  AnTi A, 55 SR AR ORI i AR R A AR K5 0L, SRRt
A FRAARXT T 5 P LA 2B AT, BER A FRE L. AERI% 06 78 (5] BIERE RF7E T 78 R FE bR
IR, B IR JEATBIR BT 7 i AR Y VMI B8, 2 R st bt e —Pirnm I 4, i Bk bt
R ARSE T AN, B % U7 75 [16] A RER_LBFIT T 1T ST RT AL BT B3 )5 R 3 BB BE R R E
B Hy VMI BERL HSCHR [16-17] FEbiy R38R B HO SR B R A JE BRI LS s A 7 7= i

S5 EPR, FX Y R R IG JFA BRI A 77 7 it B R PR SR, HAS5 R R AR O 1T 7 et A8 S
VMI 248, A BRICTES AN IR, P % B RN L H IR T 2 TANX — 1500, AASCE TH

B MEN R —NITE R, BT ASRGTH TAbay VMI S8 B FatERkit T A AR TR

GBI H R R B SR AAD IR, TR 1AL Y FITRE.

2 1REVSHR
2.1 REURIFRAFSHEA

1) VMI RGEH— MV M — AT SRBEAR, A= M ER— 5 2) YRR EA RS RTH A
E, FUCRIGNERRH M BOR LT, ABIREAPRAER 3) FPab FETER R, R R, S As
SRR 4 W A A — A B B B, AR SR JORAE; 4) BRI AR TR AT 1 Fﬁ“ﬁlféﬁﬂ?%ﬁﬂﬁﬁi@ﬁ%
B, HAFRRT ISR, 5) SRR —R A F= A7 A ORI A TRk b, AR RmTIINZ; ©)
VTSR A B 3 5 2 00 BT B B SR R [ 2 AR, LR R T F — AL 87 IR B 1 S ot I e 53 %HE
7) BER R ST R B AR T RS B . SO RS

m AR — YR IA R JERTEL T A7 R (SRR ER); n LR R IR A R AR T SR
LSRR (PSR A A—IRIEMBERIGRAS; b KBGO ALE AR LA, M =5
RL= BT R AR, A, A —IRKAET MR A fo BRI AR TS hy AR RS A AL 7 ok B
[FIFHRERLAS; 0 KPR, 0 < 0 < 1; P RPEEES; D Br-fliigmR%E, P> D; T v
TR — ML IR (PR, A SAITH A BI AR S5 7K T, B SR IRBR A P A BB A Bt ) o5 1L 4% )
FRHEAKC B LA (WESRAERE), 0 < X < 1; Ay HHEEWRGATT R — IR BESE A hy KT HERTAL I B P~
SNSRI AERE LS, fo AT BTRG SIS RIGNAE; 50 S AL i SIS BR AT AR, 1 B~ Fh i 25 B
A REFRE BIESTIAR B R TR K AR BRI LA, 0 < p < 1.
2.2 EEIES

VMI RGE IS BAL R ™ B AR R A 1 R, ¢ R h BB R R, B ¢ = AT, 3750
FE— BRI T W ¢ BYRIREETR KT () T2 T A R
{ i) _ —OL,(t)—D, 0<t<t

dt

dly(t
dblt) b, h<i<T

(1)
dt
MRS, AR (1) RN

I(t) = g[e%*ﬂ —1], 0<t<t
Ib(t) = —(1 — M)(f, — tl)D, tl S t S T
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0, 2T 3T kT KT +7 (k+DT “(n—DT T | v

1 TEBLE R EEFKFEEN )
B 2 HRRaa = i AT
m= (2) WARHEY R — IR TT R R BE BT

- 4N T) = 1(0) = (T) = 2 (e 1)+ (1) 1) DT

] M'F\;?E’Tn-tn) (3)

TN e T MR TRP, ST ERRALR T B A

e N ﬁ%&¢ AR B RARIE B T

™ \/MP TR TR AL P B AL IR R AR

(M-DMP(KT +7-t,) Con — Ay (4)
9 mnT > W TR AL R AR AR

t1
B3 SRR AT CunT) = | i =P _gyr
(5)

VTR AR B 7 i B 2R TR

CuNT) = fi /0 " o1 ()t = beD(e“T C AT — 1) (6)
ST ERRIAL 07 g BB A
@A%T%—&/T[A(Wi 220 (1 - NPT (7)
VTS b F AU ’
Ci\T) = by Du(T — 1) = 1, Dpu(1 — AT ®)

B (4)—(8) AIAETT BT R AL Ay BOLHH ] A 5 R A A
ATB()\ T) Cap + Chb()\ T) + Cdb()\ T) + Csb()\ T) + Clb(>\, T) (9)

\Wﬂﬁﬁ¢ﬁlﬁLMmeﬁﬁﬁ$E%mg2%ﬁA%ﬂh~ﬁﬁ4%%ﬁﬁ@ﬁﬁ—4iﬁﬁ
WP, BRI R EETER. AP TR R AR to, HEPPGETRAS ISR KT + v, HER R A2
BIITRTER o(\, T) $Ri 4.

R SRARAL S R 7E— > = ] RS A 7 i ) A S,

Yt e fto, T) B, LD = P —91o(t); 1(T) = q(\, T) T 5

ho(®) = 31(0a(\,T) — P)eT =07 + P (10)
% (10) Al Lo(to) = 0, A7

A1 (10) A1 (11) A[75:
T P { P ] g\ T) (12)

So(A, T z/ t)dt =
of ) to(\,T) ho(?) 02 P —0q(\,T) 0

i—ll[ te [(l— 1)T,ZT],Z: 2,3,' ",k? Hﬂ., EE Il(T) = ,% = P—HL;_l(t); Iz—l(lT) = L(ZT)—FQ()\,T)

GIEES
Lia(t) = —% [(eeT + L(;’ T) 0T 4 g L(;\D’ 7) e(i1)9T> e 0 1] (13)
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B0 (13) ATf5:
Si 1 (\T) = /ZT Iy (t)dt P {e—(i—”” + (M - 1) e (=207 1L g7 — M} (14)

(i—1)T R P P
% 1 € KT, KT + 7] I, H1 T (KT) = i (KT) — g; 59 = P— 01, (1) w75
r T T) .
Ikxl(f,) = —— eeT + MQQGT 4+t 9q(A7 )ekQTT e—at _1 (15)
0 P P
B (15) Af5:
kT+7 Pe(1-k)6T a(\, T)e(ka)OT(l _ e(kq)eT) o p
ST = /kT T (B)dt = [ 62 (1 — efT) ] (e7"—1)+ 27 (16)
P Og(\, T) 20T — e(k+1)0T
Da(KT +7) = - |:(69T N q(P )e : _eeeT ) o) _ 1} -

Wt (- VT GT)G = k+ Lk +2,-,n— LB B Loy (AT) = g0, T); 949 = —61,(0): 1,(GT) =
L(GT) + (A T) Af7%:

Li(t) = g\ T)(e™T 4 -« 4 U DT )0 (18)
Bz (18) HI45: -
s = [ Lo = -2 - o) (19)
T
Yte kT +7,(k+ DT B, B Lo ((k+ 1)T) = Iy ((k+ 1)T) +a(N, T); % = —0@2(t) 715
Ikg(t) _ q()\vT)(enGT + e(nfl)OT N e(k+1)0T)efc9t (20)
120 (20) ATAS:
B (k+1)T - q()\, T)GGT(l _ e(n—k—Q)F)T) _or B
Si2(\T) = /( o Dttt = g (e=7 — e0T) (21)
o(k+1)0T _ ((n+1)6T
Lo (kT + 1) = q(\, T) T e 0T +T) (22)
A Iii (KT + 7) = L2 (KT + 7), BFRA%S (17) ST (22), AT
1 0 )\’ T 0T _ . noT
r(\T) =5l {1+ al P()l(e— eaT)e )} —(k—-1)T (23)
B2 (12). (14). (16). (19). (21) A1 (23) RIASHERIRE AL AE— A2 R Y ™ S B9 R & S,
k—1 n—1
Su(mAT) = Y SiAT)+Su(ANT) + S\ T)+ > Si(AT)
=0 i=k+1
T __ onT
- 912 {Pln [P + 0g(\, T)%] — PIn[P — 8g(\, T)] — nfg(), T)} (24)

i 1 AR (24) A p 0,00, M S = FU=PHEEEE T 3ok (11] A — MR — T
P VMI BRI, YR RIAbLE— P IFREH nT P T PR .

Gl 2 A3k (14 T, = T(i = 1.2, n), BB, SRIRRAE— A IR R AR iR Jr =
ITHCRIBESS, USSR RTALTE— A= RIS nT PRI ot (PIn(Bmporsp® +1) +
nD = DL, ) = g {Pln SRt — D — 1)),

it 3 40 (24) TN — 1 BTHRALAG T, MBS FALTE— AR 0T Pt T Pt
BH 7% = gmp{Pn P;?(DEZJ{:)T) —nD(eT — 1)}, FIZE 2 G5

PR b it WP P P P PR . AR A A R AR T

PR PB4 7 B 0 7 WA

Caw = Ay (25)
AL RS AL S R A A

hy P Og(\, T) (e — 0T
Cho(n, A\, T) = hypSy(n, A\, T) = el {Pln {P 90T + q q—(eeT))((p — Hq()\,T)))] — nfg(\, T)} (26)
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R, i ALk P 7 b P B2 A

_ _Je P Bg(\, T)(eT — 70T
Cav(n, A, T) = fo05,(AT) = - {Pln [P 00T T T Ty (P Gq()\,T))] — n@q()\,T)} (27)

VMI RGBSR A AT AN 3 B, BERTRAALTE — b TSRS A

Sulmn ATy = LG o7~ (0T
+m(m - 1)MP
2
HER (1) 1 (23) AR (28) T

WM fy, [P 00 DT )]

(kT +7(\T) —to(\T))(nT — kT —7(\,T) + to(A\,T))  (28)

Sm (m7 n, /\7 T) =

262 (1 —efT[P —0g(\, T
m(m —1)MP _ [P(1—eT) 4+ 0q(\, T)(e" — em7) 1. [P(1—e"T)+0g(\,T)(" —e7)
" 20 8 [ (1 —eT)[P = 0g(\, T)] } {nT " [ (1 —efT)[P = 0q(\, T)] } }
(29)
TE— M EAETIAMIREIAP, SRR AL i AR T T AR A T
HERY R AL SRR T A AR
CAm, = Am, (30)
BER R ZL AT BT A4S
Chm(m,n, \,T) = hynSp(m,n, \, T) (31)
A= (25). (26). (27). (30) AT (31) W] ASAH AR &b -5 SRR RL AT 7 il M 5% B BE S ] 6 S A AR A
ATV (m,n, 2, 1) = St O AT 2 Qs AT) | Cam - Con it A T) (32)
H1=X (9) M (32) AT7B4RIE VMI 250 B Ta] () A A A
ATC(m,n,\,T) = ATB(\,T)+ ATV (m,n,\,T) (33)
st.1>A>0; T>0; m>0; n>0; Hm, nkHEH (34)

3 1REKRE

FIEE| B iRk BONAFRIETR SR EO RIS, B3 (33) By B 2R, Ead S m A I A XELL SR AR
HAEM, T2z AR R A BN G Ak XA 5 MR A XA, SERERARE
TR, R, BN SRS 1Y BT, ASCBA 0k (13, 18-19] MR R H TR
fRER I VMI RS0/ NI [H] BB AR 20 B8, Bkt R an 1

VAL SE PRy AR F RIS, WIEFIEE mo no A T BFRERRIEL N, 8 XUHEZR pe.
BFHER pm. W BARREUE bestv = +oo MEKIHFWALL GT, PiE m M1 n MRLEEKES I mL
1 nL, H#HIBYEXESF8 [mmin, mmax] = [0,2™ — 1] fil [nmin, nmax] = [0,2"F — 1], BHITHRE
W— MR MERES T RSN T—4, PG @i T 0+ 2ef BUE X R AR X -T2 e X ]
A [Amin, Amax] = [T'min, T'max] = [0, 1], P EHR A\TLONT L BH{EBCK, AR E 258E), B A
(pop max —pop min) x y/(2P°PL — 1) + pop min(pop FrRFHE, y TR FiE BRI A9+ 205]) FPEFEE m
I on W R AR ORE BE R 1, BB T (L, BRI A R T W e R B 1/ (M — 1) 1
T

Step 1 FIHTHENFEHLEAR ™ _HFADRIAFIEE m. n. A FI T, & k=1, FA Step 2.

Step 2 BFAIEEFIHE m. no AR T $UT 2.1-2.4 BAER M HARBRBUEFIE ATC, $£ X Step 3.

2148 i=1, A\ 2.2

2.2 AR (pop max —popmin) x y/(2P°PF — 1) + pop min ¥EHIEEFIRE m, no X F1 T HE9%E @ D3
A ms ngo N BT BRSO T BERI BT AL T ATATE N B M mys . nyiy My BT Ty, FEN 2.3;

2.3 ;120 (33) B HVRREEMEE ATC F155 @ MK ATC; = ATC (mys, nyi, \yi, Tys), 2 i =i+ 1, XA
2.4;
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2474 1 < N, A 2.2; EN, ZILRAEE] HIRREUEMEE ATC.

Step 3 T 3.1-3.2 #AETHER B AR R EUE MARNYE N B I R MAR B ARl BUE, FA Step 4.

3.1 L func(ATC;) = 1/(ATC? +0.001) (ATC; “FIMIER ATC? 2Bl T HRE MRSV B K
BlEZ MR, SEmEREECE, Ak ©0.0017 2RIBEREER, PR ATC; = 0 RSN 15 BinE
BAEME ATC; WENEE, X 3.2;

3.2 BIZ f min = min(ATC) %&#; ATC Fi/NEVFEEIE, & f min < bestv, M4 bestv = f min, [F]AF
BEFREE m, ny AR T AR R e MRS SIRREZS mbestv, nbestv, Abestv Fl Tbestv; % f min > bestv,
) mbestv, nbestv, \bestv, Thestv M bestv HHEAAE.

Step 4 Y% H R REUE MM EEE, KT NI IEXPIEFEE m. no AR T 2351PUT 4.1-4.4
TEPERAE, AIRRBERIEE me, ne, Ac il Te, ¥ Step 5.

4.1 R p(ATC;) = 3, func(ATC;)/ S, func(ATC;) T E AR B S ASE R 9 RAVEER,
BN 4.2;

4.2 /7"\] =1, [z PN 4.3;

4.3 FIHH ALY EFENEL 7, 2 p(ATCi-1) < r < p(ATC;), % popc; = pop;(pope; HIEFER
¥ pope WFIEE § K, popi HFIGETIEE pop LR « DIEK), &5 =+ 1, BN 4.4

4445 j < N —1, 8N 4.3; BN, 4 popen = popbestv, TFEIFEFEFIHE pope.

Step 5 X Step 4 AEMMEEFEFTE me. ne. Ae 1 Te S3RBAT 5.1-5.4 STUERAE, A s L RRE
ms. ns, s f T's, # X Step 6.

514 i=1%A\52

5.2 I ENEEILEA T ELLT [0, 1] KIAMIBENLEL r, 75 r < pc, FEN 5.3; BN, N 5.4;

5.3 AL AE—MREN 11 <1< L —1) B (L AREMRKE), Bt « i+ 1 DG
W | A6 Z 5 I BT A 2R A T HARS, & pops: = popei Ml popsii1 = popeiyi(pops; HIELFIEE pops
WIS @ MK, pope; FIBFEFHEE pope VSR @ M), B 5.4;

548 i=1i4+2, & 1< N, X\ 52 &N, % popsy = popbestv, 1BE3E LFEE pops.

Step 6 %I Step 5 AWM UFHEE ms, ns. As fl Ts HH] N — 1 AARIUT 6.1-6.3 B R4RM: (1%
PAE T EAMEARHE TACEMEA B M ARERER, I TBEE RITARAE), R FFEE mm, nm, Am 1
Tm, ¥ X\ Step 7.

6.1 A T AEBLEEN IR ARA BOCRIELE [0, 1] XENE N 47 L 5I89%EH R;

6.2 % Ry < pm, WA XFHEE pops FIEE popsi; ZBF (FHR 0 WASA 1, 24 1 WASK 0), T, AAF;

6.3 Xt 3¢ UFHRE pops EHIET N — 1 DMERM G EE /3 APUT 6.1-6.2 #:4E, 55 N MRAKEER,
4 popm = pops, 1GELRFHEE popm.

Step 7 & k=k+1, & k < GT, BBFHEE mm. nm, Am F Tm 53 FIRELIEFFEE m, n, A HI
T, ¥ X\ Step 2; BN, & B E MK mbestv, nbestv, \bestv, Thestv LA BB I = B R EREUE bestv.

4 BEOISHR

W VMI RGARSENT: D = 7500 f4/4¢, Ay = 50 JT/IK, hy = 15 T/ (- 4), fo = 40 JT/f%,
sy = 6 JC/F, I, = 8 T/, p = 0.05, P = 10000 {4/4F, Ap = 300 JC/IK, hm = 0.5 JT/ (1 - 4F), M = 1.2,
Ay = 150 5E/IR, hy = 5 T8/ (1 - 4F), f, = 25 564, 6 = 0.15.

1% Matlab7.1 ¥ E RS B FE, WMEE N = 60, pc = 0.8, pm = 0.05, bestv = +o0, GT =
1000, mmin = nmin = 0, mL = nL = 6, popmax = 2P°’L — 1 = mmax = nmax = 63 fil \TL = 14({itf%
RN T T 57 R AL I AR 57K ARG BEBRE 0.0001).

7E Intel Core2 CPU, WF 1G RN LZfTRF, BB E GT = 1000, 724 7HFH] 9.497142s,
BREEE K m* = mbestv = 3, n* = nbestv = 4, \* = \bestv = 0.6769, T* = Tbestv = 0.0317 A B
R, VMT R NG S RSB R R ATC™ = besto = 8064.0313. B, (R AT RIGHI TS
BT m* = 3 WAET?, —IKAET T mATTHR n* = 4 ST RS, WS RISEM VML R45 5/ AL
[ AR
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T RASSCH EEAFT A, RIS SR SE R, X B AR A, PR R E R R
MRNSEANE R, DA T L SBOI 45 RA 5E .
r1 A, EHERHREES R x 2 0 A ERBRBES xR 3 MRAHERORBES
A, m* n*  \* T ATC* 0 m*n* A\ T ATC* noomtnt A" T ATC*

130 3 4 0.6979 0.0303 7822.3408 0.05 2 6 0.8498 0.0292 7290.3614 0.04 3 4 0.5703 0.0330 7842.2107
140 3 4 0.6843 0.0312 7984.6399 0.1 2 6 0.8024 0.0280 7706.8915 0.045 3 4 0.6206 0.0325 7960.8875
150 3 4 0.6769 0.0317 8064.0313 0.15 3 4 0.6769 0.0317 8064.0313 0.05 3 4 0.6769 0.0317 8064.0313
160 3 5 0.7480 0.0277 8137.5152 0.2 3 4 0.6443 0.0308 8385.8022 0.055 3 5 0.8288 0.0264 8126.4326
170 3 5 0.7421 0.0279 8209.4649 0.25 3 4 0.6144 0.0299 8688.5536 0.06 3 6 1 0.0225 8159.6414
180 2 6 0.7478 0.0280 8274.9099 0.3 3 4 0.5847 0.0292 8975.0740 0.065 3 6 1 0.0225 8159.6414

1R TEERRA Ay B HER BT A B DA S VML R Gt fe /IS B ]S AAR R . R
FrHA SRR, A, LA 10 AL 130 300 24 A, HEHIE] 160 B, BER R IREERIEIEAEHE SR A
28, WA PR T TR B ST RIRE 2 A, AN 180 W, SER PRI —YCRIARY JEAT R T
HEPR IR R, RIS — PG I — U A P i T SR B RIREL. 24 A, WIS IR ZE TR Ly py s
RIAJEAPRRIA S TR Ren i, GO g R R RORIT ST R MRS K1, FFm ERiags iTovrn it
BUERR; 2 A, BIEINGE LI R A AR A T b ST A SR I, LR 25 U R AR T SR AL B R S5 K
FHEA BAEE AT IR I BT RIREI, 2 A, BOSEANE (LR RR 20 Rl B R AR A JEUBRL R A 7= 1 6 B SR e
bsf, (3L B R 2 1) SR T S A B AR S5 KR8 T SR P R LS TR, A, BB —E 4551 VMI Rt
F/INEAAE I TE] B SEAS 3G

2 R T PR AR 0 AR X BER R A SR LA & VM ARG fe/ N VI ] RGAS T R (R
MSEARAE, 0 LA 0.05 AHALIN 0.05 Hhn. 24 0 HEANZE] 0.15 B, SLR TR I — YRGB T2 7
FERRHIIREL, IR — U AR PR A2 VT SRR BT AR 24 0 B IR 2 T HR ORI IR A 2 7
PR GRS I, U R R TG R URREIT BT R AR AP A ORISR T ST R B G IR 24 0 g b
RIS, i 20 ] B S SRR SR AT A 7= e A T O SR B, (R o 7 A b AR T B R A A R 557K T, Tt A
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