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Abstract. The future cost in many industrial problem is obviously uncertain. Then a mathematical analysis fcmpmblem with
uncertain cost is needed. In this article, we deals with the fuzzy expected value analysis to solve an integrated supplier selection
and supplier selection problem with uncertain cost where the costs uncertainty is approached by a fuzzy variable. We formulate the
mathematical model of the problems fuzzy expected value based quadratic optimization with total cost objective function and solve
it by using expected value based fuzzy programming. From the numerical examples result performed by the authors, the supplier
selection problem was solved ie. the optimal supplier was selected for each time period where the optimal product volume of
all product that should be purchased from each supplier for each time period was determined and the product stock level was
controlled as decided by the authors i.e. it was followed the given reference level.

INTRODUCTION

In logistic and supply chain management (LSCM), commonly a manufacturer faces supplier selection problem
which can be presented as an optimal supplier finding to supply some raw material or product to the manufacturer
with minimal total cost [1]. The most developed method to find the optimal supplier is mathematical model method in
a mathematical optimization form such as mixed-integer linear programming that was developed in [2], [3] . To meet
the demand for the future period, the manufacturer can store some product in the storage where the holding cost is
charged. Commonly, the stored product is to be minimized in order to minimize the holding cost, but for some cases
like retail manufacture, the decision maker is deciding to store the product as many he want which can be called set
point inventory level. To minimize the total cost so that the inventory level as close as possible to a set point level, a
reference tracking control method is needed. The most published articles was developed a method to solve the supplier
selection with known demand value i.e. the demand value of all product at each time period is certainly measured.
Unfortunately, there are many case that the demand value is unknown which can be called uncertain demand. To solve
this problem, the uncertainty theory is needed. Since it was introduced in [4], possibility theory as being powerful
tool to solve many problems in uncertain environment mainly in fuzzy optimization. Inspired by expected value of a
random variable in probabilistic theory, the expected value of a fuzzy variable was introduced in [5] to solve a fuzzy
programming. Many researchers were successfully utilized fuzzy expected value approach to solve many problems
like data envelopment analysis [6]-[8], industrial grinding process [9], [10], portfolio optimization [11]-[13] and many
more. In this paper, we propose a mathematical model in quadratic programming with fuzzy parameter to determine
the optimal strategy for integrated inventory control and supplier selection problem with fuzzy demand where the
corresponding optimization will be solved by using expected value based fuzzy programming approach. Numerical
experiment will be performed to evaluate the proposed model and to analyze the optimal strategy for this problem.
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MATHEMATICAL MODEL

We are assuming that the inventory control problem that will be solved is covering multi-product, multi supplier
and multi period. Let the variables and parameters that we are used for mathematical model formulation are :

T : Setof time period;

S . Set of supplier;

P : Set of pifluct;

Xisp : Volume of prodla p € P from supplier s € § at time periodt € T

UPy, : Fuzzy unit price of paluct p € P from supplier s € § at time periodr € T';

TC, 1 Fuzzy transportation cost of all product from supplier s € § at time period t € T';

Y : Supplier assignment s € S attime periodr e T (1 if X,_,.r,ée:;isl, 0 if none);

Crsp . Supplying capacity of supplier s € § for product p € P at ime pcriodaz T

UPCy, : Unit penalty cost for defect product unit p € P from supplier s € § at time period ¢ € T
UDC,,, :  Unitdelay cost for delayed product unit p € P from supplier s € § at time period 1 € T;
DLT;sp  : Delay lead li of product p € P from supplier s € § at time periodt € T;

Orsp ¢ Quality level oﬂ'oduct p € Pattime period r € T from supplier s € §;

Iy, : nventory level of product p € P at time periodt € T;

M, : Storage capacity of product p € P,

B, : Cost budget aﬂimc period t€ T

Cip : Holding cost of product p € P at limeriod reT.
The malhem@al model that we are modeling will follow the general form of expected value based f* program-
ming model. The general form of expected value based fuzzy programming fuzzy objective and fuzzy constraint can
be expressed as follows

(6)
{ min f(x, &) )

st.gi(x&)=20,i=12,....p,

where f (x,&) is the objaive function and g; (x, &) are constraint funclms‘,x is the decision vector and & is a fuzzy
vector. Note that both of the obmvc and constraint functions in (1) are not produce a crisp fcaaalc set. To determine
the optimal decision x in (1), a fuzzy expected value model was proposed by Liu and Liu [14] as follows

{ minE [ f (x,8)] (2)

st.E[g; (x,6)]=20,i=12,....p.

where E [-] denotes the expected value defined by

E[§]=fCri§2rIdr—f] Crié < rjdr 3)
0 —oa

provided that at least one of thnyo integrals is finiteand Cr [-] denotes the credibility value.An important result in
fuzzy expected ue theory is the expected value of linear function of fuzzy variable. Suppose independent fuzzy
variableséand ¢ with finite expected values, then

Ela¢é + b¢] = aE €]+ E[¢] 4

mzre a and b are arbitrary real number. With fuzzy variables ‘E)’-ﬁ,_,.;, and ‘T:T"-C_‘.,_,., we proposethe following mathematical
model to solve an integrated supplier selection and inventory control:
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T & P ) ) & P
Z Z Z X, - UPyp + &Z TC,, Y, + Z Z Z (1= Qi) - UPCyp - Xoyp - Yo

[‘ni[]Z _ E =1 ]::] :;:] . =1 s=1 Tr:]})s:] p=1 .
+ )R, D, UDCigp DL,y Xy Yig + Z HCy I+ Z Ly~ 1)
=1 #=1 p=1 =1 p=1 =1 p=1
T8 P T8 P (5)
= D3 Xy E[UPy| + &Z [TC.] i+ Z Z D (1= 0up) - UPCrgy - Xisp - Yis
i=1 s=1 p=1 =1 s=1 =1 s=1 p=1
Tr & P Tr P
- &ZZ UDCy DLT 1, X, - Yo +ZZHQ,, I+ ZZ (b~ 1)’
r=1 s=1 p=l 1=1 p=1 1=1 p=
subject to:
5 2 k3
Z Xp—Ip 2 Dy, fort =1,9p € B and Vi, + Z Xp—=Vip 2 Dy, fort> 1,1 € T,¥p € P, (6)
=1 =1

I r
[Z Dfp} Yf.s' 2 Z Xf.s'pe VI S T, VS S Se (?)

p=1 p=1
Xip €SCp Mt €T, ¥s€S¥peP, (8
-
R N T AT ©
L, <M, MieT,¥peP, (10)

5P
Z Z Xigp UPrp + Z TCyy Y,
s=1 p=1 s=1

& Is
Z Z Qf.s'p) : UPCf.s'p : Xf.s'p : Yf.s'

5 P I rF (1 1)
Z UDCi,, DLT,, - Xigp - Yo+ ) HCyy - 1y + ) Z Ly, = 1) "<B,VieT,
p=1 =1 p=1
Xp20,VteT.VseS.VpeP, (12
Xisp Iip, Mt € T, s € §,¥p € P integer, (13)

where the objective function Z is the fuzzy expected value of total cost which contains the fuzzy product buying cost
for all product from all supplier for all time period, fuzzy transportation cost, penalty cost for under quality service
level product, penalty cost for delayed product and holding cost. Furthermore, the last term in Z is used for inventory
level reference tracking objectives. Constraint (6) is used to manage the inventory where as constraint (7) is used to
obtain the suppliers assignment value. Constraints (8) - (13) are used for supplier capacity bound, suppliers assignment
purposes, storage capacity bound, budget bound, non-negativity bound and integer constraint respectively.

NUMERICAL EXAMPLE
Suppose a nmlfaclurer will purchase three products P1, P2, P3 from four suppliers S1, 52, S3, S4 for 10 fulurm

time periods. Let the initial inventory level is 0. Given that the unit price for product p from supplier s at time period t
is a fuzzy variable whose membership function
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Hp, 0, if Ij-f’f.s‘;} = ﬁ-f’r.s-pm
,Um,_l_wm if Gf’r.s-p = Ij-f’f.s‘plﬂl
,Uﬁ,_l_‘rm if G‘f’r.s-p = ﬁ-f’r.s-pl?ﬂ
tul]’_.m " if G‘f’r.s-p = [j-f’f.s'plén
Fﬁ:}wm if Ij-f’r.s-p = [j-f,f.s'plsl L~ —
o B =~ _ Hiwp, if UPygp = UPrgpiiy 14)
H UPyp tuUI’_-_‘,,m, if UPr.s'p = UPr.s-pl(:l 0. others (
*ulﬁ’_-_‘rﬂ, if Ij-f’f.s‘p = ﬁ-f’r.s-plﬂ
’u']’.-.wm if Gf’r.s-p = Ij-f’r.s'plm
Hip,, .0, if G‘f’r.s-p = [j-f’f.s'pl‘)l
i, 10, if fﬁ’mp = fﬁ’r.s-pmn
0, others

and ,___ _
77 M TCy =TChyi
tur_c-l — ,u]l Cstit 1 1siih (]5)
0, others
wherethe values of Ip.l-f’,_,.,,m. Hip, }j"_é,_,.m and pg7 | are available in Appendix 2. The expected value of Ij-f’,_,.” and
Hapli 1
TC,; are

E [Ij-f’,_,.p] = Z:j] WhPtspli) (ﬁ-f’r.s-plr'l} (16)
and — 10 —
E [ch_s'p] = Zr‘:] WTCtspli) (TCT-"P”‘) a7

respectively where the values om@“m” and Wi spii) AT€ available in Appendix 2. We solve (5) in LINGO 16.0 with
Windows 8 Operating System, 4 GB of memory and AMD A6 2.7 GHz of processor. The solution is given in Fig.
1-Fig. 2. Figure 1 shows the optimal values of X;;,, ¥t € T,¥s € §,¥p € P, which is the optimal volume of product
P1, P2 and P3that should be purchased each from supplier S1, 52, S3 and S4for time periods 1 to 10. The reference
inventory level of product P1, P2 and P3 decided by the decision maker are shown by Fig. 2. Fig. 2 also shows optimal
values of I,P, ¥t € T,¥p € P, which is the optimal volume of product P1, P2 and P3 that should be stored in the
warehouse the inventory level is as close as possible to the reference level.

Praduct velume [unit)

J-Q'I Q.J 5 .C.-t 51 =..Z‘ ‘..' :\ \.J 53 54

1 2 3 4 5 & 7 £ q 10
WHASpP1I3000 0 0 0 01200 O O 01520 O 582200 O 02100 O 4620227 0 01130 6 01800 0 90145237 0 0O 3
mXtspbP2 12537 O 0200 0 018118 0| 01300 |0 02000 O 01010 0 011140 0 O 02200 02000 O Q0186 0 0

51 52|53 54 51 52 53 54 51 52 3|54 51 52 53 54 51 52 53

XtspP3 03970 0 DI1SE0 0 11601 0 01500 0O 01500 O 0 8% 4 0 01550 0 01755 0 0180 O 01600 O

Tima perled {t)

FIGURE 1. Optimal product volume that should be purchased from each supplier for time periods 1 to 10
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Inventory level (unit)
oo
=
[

1 2 3 4 5 G 7 g 9 10

= INVENTORY LEVE 197 15/ 199 159 200 250 244 250 4} 240
INVENTORY | 150 149 164 164 163 113 53 99 101 Bb
INVENTORY LEVEL P3 245 249 250 250 249 153 149 153 152 137

sl Ref level P1 200 200 200 200 200 250 250 250 250 250
—8—~Reflevel P2 150 150 150 150 150 100 100 100 100 100
—e—~Reflevel P3 250 250 250 250 250 150 150 150 150 150

Feriod (1)

FIGURE 2. Inventory level and reference level in the first example

From Fig. 1, the optimal strategy for each time period is decided as follows. At time period 1, 300 unit of
product P1 and 1 unit of product P2 are should be purchased from supplier S1 whereas 293 units of product P2
and 397 units of product P3 are should be purchased from supplier S2 and finally 7 unit of product P2 is should be
purchased from supplier S3. The optimal decision for other time periods are can be derived analogously.Fig. 2 shows
the product volume of all product that should be stored in the warehouse so that the inventory level of all product
follows the desired (reference) level decided by the decision maker. From Fig 2, it can be conclude that the inventory
level follows the reference level well.

CONCLUSIONS

The integrated inventory reference control and supplier selection of multi-product multi-supplier multi-period
with fuzzy purchase cost and fuzzy transportation cost was considered. A mathematical model was formulated in fuzzy
expected value based quadratic programming by approaching the fuzziness of the purchase cost and transportation
cost as fuzzy variable and using fuzzy expected value to formulate the corresponding crisp optimization. LINGO 16.0
was used to solve the corresponding optimization with integer quadratic programming of the model class. From the
performed numerical example, it was concluded that the optimal strategy i.e. the product volume of all product that
should be purchased from each supplier at each time period was determined and the stock level of the product followed
the reference level given by the decision maker.
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Appendix 1. Parameter values for numerical experiment

Supplier Capacity (SCtsp) DELAY PENALTY COST (UDCtsp)
Periode | Suppliers Products Period | Supplier e
P1 P2 P3 P1 P2 P3
51 1100 1200 1300 51 0.75 0.1 1
all 52 1400 1200 1100 all 52 0.5 0.85 1
53 1400 800 1200 53 0.85 1 0.85
54 1200 1000 850 54 1 0.9 0.95
DEFECT RATE (Qtsp) LATE RATE (DLTtsp)
Period| Supplier P1 P2 P3 Period| Supplier P1 P2 P3
51 0.010 0.000 0.010 51 0.000 0.000 0.002
all 52 0.020 0.001 0.010 all 52 0.000 0.000 0.010
53 0.000 0.020 0.025 53 0.020 0.010 0.001
54 0.015 0.005 0.020 54 0.025 0.000 0.000
DEFECT PENALTI COST (UPCtsp)
e Products
Supplier P1 P2 P3
HOLDING COST (HCtp) s1 0.50 0.50 0.70
Pariod Products all 52 0.75 1.00 0.80
P1 P2 P3 53 0.75 0.25 0.75
all 1 1 15 s4 0.55 1.00 0.85
. DEMAND
O e Period  P1 P2 P3
E 450000 1 100 150 140
2 450000 2 120 200 160
3 400000 3 150 180 160
4 500000 4 180 180 150
5 450000 5 210 200 150
6 400000 6 200 150 185
7 550000 7 150 170 155
Storage capacity (Mtp) 8 450000 8 180 210 175
Period P1 P2 P3 9 500000 9 240 200 185
all 500 550 650 10 500000 10 250 200 175
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Appendix 2. Membership functions for Ij-f’,_,.{, and 'ﬁ:,_,.

Uptspli) MEMBERSHIP VALUE of Uptspli}
— Iprodu i jer | Produ ]
Supplier [ i Tz [ =3 [ oo [ o [ w6 [ o7 [ o [ =0 oot | Lorrier] o 1] 2] 3] a]5s]s 71 8 | 9] W
P1 17 [ 175 18 [ 186 | 19 | 195 | 30 | 305) 3 | ME Pi |01 | 02| 04 | 08 1 09 | 08 | 05 ) 02 | 001
51 P2 27 275 28 285 p-] 295 30 305 | 31 315 51 P2 0.1 0.2 04 0.8 1 09 | 08 0.5 0.2 | 0.01
P3 22 225) 23 235 2 245 25 255 | 26 265 P3 0.1 0.2 04 0.8 1 09 | 08 0.5 0.2 | 0.01
P1 17 175 18 185 -] 195 20 205 | 2 215 P1 | 0.02 | 0.45) 05 0.9 1 075 | 065 [ 04 0.2 01
52 P2 37 | 375| 38 | 3RG| @ | 395 | 30 ) 305) 31 | 318 52 P2 | 002 045| 05 | 09 1 Jo7s5|065] 04 | 0.2 01
P3 22 225) 13 235 2 245 25 255 2% 265 P3 | 0.02 | 0.45) 05 0.9 1 075 | 0.65 [ 0.4 0.2 0.1
P1 17 17.5) 18 185 -] 195 20 05| 1 215 P1 0.1 0.2 | 045 ] 0.55 | 0.75 | 085 1 065 [ 0.4 02
53 P2 27 75| 28 285 -] 295 30 305 31 315 53 P2 0.1 0.2 | 045 | 055 | 0.75 | 085 1 065 [ 0.4 02
P3 23 35| 23 [ 235 M | M5| 35 | I55 | F6 | FeS P3 | 01 [ 0.2 | 045 0.55 | 0.75 | 085 1 | 065 | 04| 02
Pl 17 17.5 18 185 "\ 195 0 0.5 1 M5 P1 0.1 0.2 | 045 | 055 | 0.75 1 065 | 04 | 025 | 015
54 p2 | 27 [ 75| 28 [ 285 » [ 295 | a0 [aos| 31 [ 35 S4 P2 |01 [ 02 [oas|oss [o7s] 1 [oes | 04 [025 ] 01s
P3 22 225) 13 235 2 245 25 255 | 26 265 P3 0.1 0.2 | 045 | 0.55 | 0.75 1 065 ) 04 | 035 | 015
WEIGHT VALLIE [w_UPt=pli])
Sipplier Produ i
44 551 | ss2 | ss3 | ssd | =5 | ssb | ss7 | ssB | ss9 | ssi0
PL | 005) 005 | 0.1 0.2 | 015 | 0.05 | 0.15 | 0.15 | 0.095 | 0.005
51 P2 | 005) 005 [ 01 0.2 | 015 | 0.05 | 0.15 | 0.15 | 0.095 | 0.005
P3 [ 005|005 | 01 [ 0.2 | 045 | 0.05 [ 045 | 045 | 0.085 | 0.005
P1 [ 0.01)0215(0025( 0.2 J0.175| 0.05 [0.125] 01 | Q05 [ 0.05
52 P2 | 001 )0215(0025| 0.2 |0.175 | 005 | 0.125| 0.1 | Q05 | 0.05
P3 [ 001 J0215(0025| 0.2 | 0175 ) 005 | 0.125| 0.1 | Q05 | 0.05
Pi [ 005) 005 [0435] 005) 01 | 005 | 0.5 |0435) 0 | 01
53 P2 [ 005) 0050135/ 005) 01 | 005 | 0250125 01 | 01
P3 | 005) 005 (0125 0.05) 0.1 | 005 ) 0.25 |0.125] 01 0.1
P1L | 005) 005 0.125] 0.05] 0.1 03 [0.125(0.075) 005 | 0.075
54 P2 [0.235) 0025 | 0075 (0075} 0.07 | 01 | 0.05 | 0.075] 0.035 | 0.375
P3 [0.235) 0025 | 0075 [ 0.075)0.07 | 01 | 0.05)0.075] 0035 | 0.375
Membership value (miu_TCts(i}}
Time [Suppli i
period er 1 2 3 4 5 [ 7 5 9 10
51 (015 | 035] 075 | 0.92 1 095 ) 082 | 055 03 0.1
ail 52 [ 025 [ 055) 075 [ 085 1 085)| OB | 055 035 | 0.1
53 035 o62) 07 (092 | 1 098 | 079 | 0.58 | 0.42 | 0.35
54 | 025 | 055] 075 | 0.95 1 095 ) 072 | 068 | 025 | 0.1
WEIGHT VALLE [w_TCts(i)} TCtsli)
Time [Suppli i Time |Suppli
period | er i 2 3 4 5 & 7 ] ] 10 period | er 1 2 3 4 5 6 7 8 9 10
51 [0.075] 01 | 0.2 |0.085) 0.065| 0.065(0.135[0.125] 01 | 0.05 51 | 300 | 310 | 320 | 330 | 340 | 350 | 380 | 370 | 380 [ 330
all 52 [0125) 015 ] 0.1 | 0.05) 0.1 |0075]0.135) 0.15 | 0075 [ 005 all 52 300 | 310 | 320 | 330 | 340 | 350 | 360 | 370 | 380 | 390
53 |0.175)0.135| 0.06 | 0.09 | 005 | 0095 | 0.105 | O.08 | 0035 | 0.175 53 00 310 120 | 330 240 oo | 360 70 0 390
54 |0425) 045 ) 04 | 01 | 005 | 0445 0.02 [0.245) 0075 | 0.05 54 | 300 | 320 | 320 | 330 | 340 | 350 | 360 | 370 | 380 [ 390
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