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Abstract

To achieve real competition in the global market requires the manufacturers to have the ability
to meet the needs and demands of their customers, which comes from the optimal planning of
the supply chain. In this paper, consideration is given to the supply chain with multi-providers
of raw materials, multi-manufacturing locations, multi- centres of selling products to customers in
multiple, with instability (fuzzy) of customer demands, holding costs, costs of appointment, retire
and training of workforce After building a mathematical model for the supply chain that aims to
maximize the net profit and reduce all costs that include production costs, labour, raw materials,
storage, transportation, and the cost shortage, the model was improved through a proposal that the
decision-maker has a desire to prefer one manufacturing location over another, as the proposal relied
on developing a pairwise comparison in the Analytic Hierarchy Process (AHP) when the degree of
comparison between factory locations is a fuzzy nature. The results of the proposed model were
applied to actual data taken from an industrial organization.

Keywords: Fuzzy supply chain, Aggregate production planning, graded mean integration method,

pairwise comparison.
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1. Introduction

The importance of the supply chain is highlighted through production planning, starting from sup-
plying raw materials to becoming a final product that meets the customer’s need, and thus it is the
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essence of operations management. In [I] considers a production supply chain operates in an un-
certain environment. While in [2] develop a new fuzzy supply chain model given decision-makers to
express their risk and analyze the comparison between customer satisfaction and product storage. In
[8] addressed the improvement of two-level, multi-period supply chains under uncertainty in demand.
In [11], author proposed a multi-period, multi-product, multi-manager, supply chain network design
model under the fuzzy and used a simulation of a hybrid genetic algorithm, in [3] use integrated
fuzzy AHP and fuzzy multi-criteria linear programming method. Fuzzy AHP used goodness, lead
time, cost, power use, trash minimization, and social participation for developing linear programming
where demand is fuzzy in that model.

2. Preliminaries

2.1. Definition (1): Fuzzy numbers

Fuzzy number is a component of F(N) which the membership function M : N — [0, 1], achieve
the normality and fuzzy convexity, [5]:

1- There are € N such that M (z) = 1.
2- If zy,29 € Nand A € [0, 1],then M (Azy + (1 — N)ag) > min {M (z1), M (z2)}.

In general, the membership function of a fuzzy number A is:

M;(z) = L(z),z > a
=la<z<b
=U(z),z<b (2.1)

Where U(z) is continuous robustly increase of right side x < a and L(x) is continuous robustly
decrease of left side z > a.

2.2. Graded mean integration method

The importance of fuzzy logic is highlighted in modeling and analyzing problems with one or
more fuzzy features to obtain the final results in decision-making; all fuzzy data must be converted
into crisp data; this process is known as defuzzification. One of these methods is (Graded mean
integration).

This method depending on the period value of  grade of universal fuzzy number to defuzzification.
Let L™, U~ refer to the inverse function of L, U. The graded mean ¢ level value of fuzzy number is
1 (C (L*I(C) + Uﬁl(C)) the graded mean of any fuzzy number (~), perform as:

Theorem (1) .
The graded mean of trapezoidal fuzzy number A = (a, b, ¢, d) is represented as:

a+2b+2c+d
6

G(A) =
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Proof . L'(¢) = a+ (b—a) and U~Y(¢) = (d(d — ¢)¢, by the formula (2), the graded mean
integration of trapezoidal fuzzy number is:

~ - 1 Vra+d+b—a—d+c - a+2b+2c+d
G(A) = dC,G(A) =
“4) fOICdC/o ( 2 )C ¢ G4) 6

O

2.3. Analytic Hierarchy Process

To make the decision-making process more organized, set up a pairwise comparison matrix, and
each component in the upper scale is using to compare with other components from the lower scales.
When implementing these comparisons, we need a scale of numbers to determine the importance
of one component relative to another component for all components in the matrix. The value of
comparisons determines according to the directions in table (1), [10].

Table 1: the values of pairwise comparison (scale of influence) According to [9]

Strength of influence Definition
1 Similar of influence
Weakly
Mild
Mild major
Strong influence
Strong major
Very strong
Very ,very strong
Extreme influence

O| 0| | O T x| W[ N

To construct the matrix [[ = ||wi;|l,4,) = 1,2,...,n, let & = {yp; > 0,i=1,2,...,n},w;; repre-
sented the scale of influence of component ; in compare with component ¢;, for more correspondence
0j; = =, w; = 1, the components of the relative importance obtained from estimates of the scales

Wi’

in table Jl .

3. Presentation of model

The companies deal with the traditional concept of aggregate production planning, which would
consider determining the amount of production, inventory, and workforce levels to meet the diverse
demand within a specific time period. The firms can treat with fluctuations in demand, in addition
to the costs involved, such as:

- The ability of the manpower to change by employing or ending the work of a number of
employees and workers, as well as training a number of them to ensure increased capacity of
production.

- Production rates vary through different production times, including regular time, overtime,
and contracting outside the company.

The costs related to the supply chain are:
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- The cost of required raw materials and cost of performance of jobs such as salary, training
workers.

- The holding cost of final product and raw materials and the logistic cost like transport raw
materials from provider to plant, and final product from plant to consumers.

Suppose there are J locations, P providers, S region of selling the final product, each location
manufacture I product from different providers of M raw materials, It has a specific capacity for

storing raw materials and the final product, and limitation of production time, The problem can be
identified by:

- Determine the quantity of production of product I that manufactured at site J to meet the
fluctuating demand in region S in period T' by worker type (A).

- The quantity of raw materials type M which sent from the supplier P in the period T', taking
into consideration the lead times to achieve the variety of demands.

- The quantity of each raw materials type M and final products I, that must be store in location

J.

4. Parameters of model

®;; = The demand of product i in region s in duration (t),7 = 1,2,...1,s = 1,2...5,t =
1,2,...T.
13, = Manufacture cost (in hour), by ordinary time 5 = 1, by extra time § = 2 and by Contracting
with an external provider 8 = 3 at location j,7 =1,2,...,J.
[';se = Selling worth per unit (product) 7 in region s in duration (t),i = 1,2,...1,s = 1,2...5,
t=1,2,...T.
SLR);; = The salary of worker type A in location j in duration (¢),A =1,2,...,A,j =1,2...J,t =
1,2...T.
&i; = Manufacturing time of product 7 in location j,¢ =1,2,...1,
U, ,+ = The retired cost of worker type A in location j in duration (%),
1,2...T.
j+ = The cost of appoint worker type A in location j in duration (¢),A =1,2,...,A,j =1,2... J;t =
1,2...T.
Gyt = The guidance cost of worker type A in location j in duration (¢),A = 1,2,...,A,j =
1,2...Jt=12...T.
HCR,j; = The holding cost of raw material p in location j in duration (t),u = 1,2,...,M,j =
1,2...Jt=1,2...T.
HCC;j; = The holding cost of commodity (product) 7 in location j in duration (), =1,2,...,I, j=
1,2...J,t=1,2...T.
NCP,,;: = The cost of transport raw material ; from provider p to location j in duration (t),p =
1,2...,Pu=1,2... . Mj=12...Jt=12...T.
NCC;js = The cost of transport commodity ¢ from location j to region s in duration (¢),i =
L,2,...,01,7=12...0s=1,2,...,5t=1,2...T.
CR,,t = The cost of raw material ;1 which obtain from provider p in duration (t),p =1,2..., P,y =
1,2,... . M,j=12...J,t=1,2...T.
TLIMpg,; = The limitation of ordinary time 3 = 1, extra time 8 = 2, and contracting with an external
provider § = 3, at location 5,7 =1,2... J;t=1,2...T.

> .
I
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RLIM; = The limitation of warehouse to save raw material at location j,j =1,2...J.

CLIM; = The limitation of warehouse to save commodity at location j,j =1,2...J.

ARLIM ,,; = The maximum amount of raw material ;1 can provider p supply in duration (), p =
L2...,Pu=12,... Mj=12...Jt=1,2...T.

LedTP,; = Lead time of provider p to location j,p=1,2...,P,j =1,2...J.

LedTCj; = Lead time of commodity that transport from location j to region s,s =1,2,...,S5,j =
1,2...J.

CSHO;s = The cost of shortage per unit (product) i in region s in duration (¢),i =1,2,...1, s=
1,2...5t=1,2,...T.

i, = The amount of raw material ;4 that need commodity ¢ to produce, i = 1,2,... 1, p=1,2,..., M.

5. Variables of model

T;jpe = Amount of commodity ¢ that produce in location j by type time / in duration (¢),i =
1,2,...1, j=1,2,....J,8=1,2,....B,t=1,2,...T.
NWy i = No. of worker type A in location j in duration (£), A =1,2,...,A,j=1,2... Jt=1,2...T.
NW Ry = No. of worker type A that retired in location j in duration (¢),A = 1,2,...,A,j =
1,2...Jt=1,2...T.
NWA,;; = No. of worker type A that appoint in location j in duration (¢),A = 1,2,...,A,j
1,2...Jt=12...T.
NWT\;y = No. of worker type A that trained in location j in duration (¢),A = 1,2,...,A,j =
1,2...Jt=1,2...T.
INLR,; = The inventory level of raw material p in location j in duration (¢),u =1,2,...,M,j =
,2...J,t=1,2...T.
INLC;j; = The inventory level of commodity 7 in location j in duration (t),7 = 1,2,...1, j =
1,2,...,J,t=12..T.
NRT,,;; = Amount of raw material  p that transport from provider p in location j in duration
Op=1,2....Mp=12,... . Pj=12 .. Jt=12..T.
NCjjs = Amount of commodity ¢ that provided from location j to region s in duration (t),i =
,2,...1, 7=12,...,J,s=1,2,...,5t=1,2,...T.
SHC;ss = Amount of shortage of commodity 7 in region s in (t),i = 1,2,...1,s = 1,2,...,5,t =
1,2,...T.
wy = 1, if the worker type A is training, 0 otherwise, A = 1,2, ... A.
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6. Formulation of model

The objective function is maximization of the net profit as following

I J B T
ZZZZFZ“*NC’U“ ZZZZ&U *ng * Tijgt—
ZZZZCR pt ¥ NRTpj0 — ZZZSLR)\]t*NW)\]t
j t

I

J
A J T

SN Qe x NW Ay, — Z Z Z Uy NW Ry —
.

YN Gup s NW Ty, — Z Z Z HCR,j, % INLR, j—
A J t

I J T M P J T

SIS TN HCC # INLCye — SN S S TNCPye + NRT, 50—
L s R

DY YD NCCiju* NCijar = Y > > Y CSHOiy % SHC i (6.1)
7 7 s t 7 7 s t

Subject to
NCijst = NCijs(e-1) + Z Tijpr — Z NCijst (6.2)
B s
I B
INLR,j; = INLR, ;i 1) + Z NRT,pj-veare,) — > > Tija * Oiy (6.3)
i B
J
> NRT,,s — ARLIM,,; <0, (6.4)
J
moSNWTy;y —wy <0 (6.5)
A
> NWTyj« NWRy; =0, (6.6)
A

> NWTyj — NWj-1) + NWRy; <0 (6.7)
A
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A
> NWRyj + NW Ay — NWj—1) <0 (6.8)
A
I
Y INLCy; — CLIM; <0 (6.9)
I
> INLRy, — RLIM; <0 (6.10)
J
- Z NCijs(t-Learp, ;) SHCis—1) + Pist = SHC ;s (6.11)
J
I

i

I A
SN Gixrya < Y Y NWRy, + TLIMg, (6.13)

i B=12 B=12 A

Non negative constraints

Tijpt, NW)\jty NWR)\jt7 NWA)\jt7 NWT)\jt7 INLR;Ljh INLC/ij NRTupjtv NCijst7 SHCist7 Z Oa
wy = {O, 1}

Equation represents the objective function by which the company wants to maximize the net
profit resulting from selling its products minus production costs, holding cost, raw materials, trans-
portation, shortage, salaries, and workers training. Constraints of the model represent an
equilibrium equation of the final product and raw materials at location J, respectively, constraint
determine the production time available to the limits of manpower regularly and overtime,
taking into account their production constraint (?7?) reducing the quantity of products that manu-
factured by the sub-contractor, constraint it is an equilibrium form to the shortage in the point
of consumption (demand), constraints determine the levels of stock of raw materials and
finished products with the capacities of store, constraint ensures that the variation in the level
of the manpower cannot exceed the share of workers in the previous time, constraint denoted
to the number of workers type A who left work or under training in the current time should not
exceed the available number of the manpower for the previous time, constraint refer to the
worker who training in period t cannot be out of working in the same period, constraint verify
the worker under training is done, constraint guarantee the transport quantity from provider
P does not exceed to the ability of this provider.
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Figure 1: illustrate simplified of supply chain

7. Description data of model

The attached data of the model in Appendix (A) was adopted from [6], noting that these data in
the tables are unfluctuating as trapezoidal fuzzy numbers. It will be processed in this paper to obtain
crisp data before building the mathematical model. for more clarification, Table (1) in Appendix
(A) illustrated manufacture time for each commodity type in each location, the cost of maintaining
the stock (holding cost) and the initial stock of raw materials and the final commodity for each
location, the workforce costs for any location are defined in Tables 2, 3. The expected market de-
mand is shown in Table 4. In Table 5, the initial workforce type and limit of warehouses are specific
in each location. Obtainable regular time, overtime, and subcontracting are including in Table 6.
The average use of raw materials is explaining in Table 7. Tables 8 and 9 refer to the cost of ship-
ping and lead time between providers and locations and between locations and selling Reagins. The
limitations and price of raw materials supplied by undertakers are identifying in Table 10. At last,
Table 11 shows the values of shortages and the price of each commodity sales for each customer region.

Before embarking on the construction of the mathematical model, it is necessary to remove the
fluctuation present in the data and convert it into crisp data. By using, G(A) = %, we obtain

to the crisp data in the tables below.

Table 2: the crisp holding cost of commodity and raw materials

Commodity ($/unit) Raw material ($/unit)
1 2 3 4 ) 1 2 3 4 D 6 7 8 9 |10
1 6.5 | 85 | 105|125 | 145 |55 55|55 |55 |HH| 6.5 | 6.5 |65 | 7.5 (7.5
95 | 11.3 | 135|155 | 175 |65 6565|6565 | 6.5 | 6.5 [6.5]|6.5 6.5
3 |10.5)|10.5 (105|105 10565 |75 (8519595103105 |85 |85|7.5

site
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Table 3: Labor cost (10$/manpower)

1707

cost of appoint of worker
site | type A (10$/manpower)

cost of retired of worker
type A (10$/manpower)

salary of worker type A
(10$/manpower)

1

2

3

4

5

1

2

3

4

5

1

2

3

4

1 155

2.5

2.5 |55

2.5

8.5

9.5

10.5

11.3 | 12,5 | 19.5

21.5

23.5

25.5

27.5

5.5

6.5

7.5 | 85

9.5

9.5

9.5

10.5

11.3 | 13.5 | 22.5

24.5

26.5

29.3

31.3

3 |55

2.5

6.5 6.5

6.5

5.1

6.1

6.5

6.8

10.5 | 17.5

18.5

21.5

22.6

24.7

Table 4: Market demands for region (1)

commodity

Period (t)

2

3

4

b}

6

7 8

9

10

11

12

115

288

403

345

115

230

287 | O

115

173

115

115

230

287

345

403

230

230

230 | 403

460

516

275

403

173

230

287

345

115

o8

0 | 115

230

287

345

460

287

115

345

287

230

115

230 | 345

460

460

460

345

O | W DN —

173

230

230

460

345

403

115 | 115

173

115

115

115

Table 5: Market demands for region (2)

commodity

Period (t)

2

3

4

5

6

7 8

9

10

11

12

217

403

298

678

138

368

437 | 230

207

217

150

127

322

380

368

654

426

380

334 | 794

771

748

1093

495

242

426

564

460

173

81

115 | 184

380

437

460

713

345

207

426

472

357

150

311 | 529

886

897

298

678

QY | W N~

334

460

253

793

483

437

191 | 217

217

138

196

161

Table 6: Market demands for region (3)

commodity

Period (t)

2

3

4

>

6

7 8

10

11

12

103

218

35

92

46

345

161 | 115

150

o8

69

23

69

287

610

161

173

92

184 | 218

380

334

644

018

103

81

161

460

12

69

92 | 115

184

299

230

702

218

150

265

46

184

23

115 | 207

621

a87

345

23

QY | W DN =

92

196

173

334

322

345

92 | 23

276

58

138

127

8. Improvement and extension of model (Proposal case)

Assuming that the decision-maker has the desire to prefer and give importance to the manu-
facturing site from another site to the three locations, here, in this case, the principle of Analytic
Hierarchy Process in paragraph (2.3) will be taken advantage of and developed towards that the

degree of pairwise comparison and importance between the sites is a fuzzy nature as follows:

1- In the beginning, calculate the eigenvector Y = (vq,vy...,v,,) which is identical to supreme
eigenvalue a(©) of matrix ©. The value of vector Y > 0, and make as levels of membership of

the components of matrix © to fuzzy set.
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Table 7: Market demands for region (4)

Period (t)

1 2 3 4 D 6 7 8 9 10 11 12
196 | 667 | 863 | 1012 | 334 | 403 | 644 0 265 | 356 | 288 | 380
029 | 713 | 540 | 817 | 782 | 621 | 656 | 1058 | 954 | 759 | 1449 | 932
230 | 575 | 345 | 932 | 184 | 103 0 161 | 713 | 621 | 632 | 978
817 | 276 | 610 | 932 | 713 | 207 | 299 | 598 | 1127 | 529 | 932 | 817
460 | 357 | 564 | 690 | 725 | 1276 | 368 | 230 | 195 | 207 | 287 | 218

commodity

QY | W DN =

Table 8: Cost of raw material M supplied by provider P ($)

Raw materials
1 2 3 4 5 6 7 8 9 10
1.15| 23 [ 1151345 | 23 |1.15| 23 | 1.15| 2.3 | 1.15
1.15 | 23 | 1.15 {345 | 23 | 1.15| 23 | 1.15| 2.3 | 1.15
1.73 1115|115 23 | 1.67| 2.3 | 1.67|1.15|1.67 | 1.15
1.73 1173115} 23 | 23 |1.15|1.15| 1.15|1.67 | 2.3

Provider

=W DN =

Table 9: Shortage cost($/period,unit), sales price($/unit)

Shortage cost of commodity
Region ($/period,unit)

1 2 3 4 5 1 2 3 4 5
237 (237|237 337 |1.37|27.83 | 39.83 | 48.83 | 30.83 | 35.83
3.37 | 4.37 | 4.37 | 4.37 | 2.37 | 32.83 | 42.83 | 52.83 | 32.83 | 37.83
2.37 (237|237 (237|237 |28.83|39.83 | 47.83 | 31.83 | 35.83
2.37 (237|337 (237|237 |27.83 | 40.83 | 50.83 | 32.83 | 37.83

Selling price of commodity($/unit)

=Wl N =

Table 10: production cost ($/min)

locationl | location 2 | location 3

Regular time 0.575 0.625 0.475
Over time 0.975 0.75 1.075

Subcontruct 1.325 1.375 1.275

Table 11: transportation cost ($/unit)

Cost of shipping form provider | Cost of shipping form location
location to location ($/unit) to region ($/unit)

1 2 3 4 1 2 3 4

1 0.019 | 0.037 | 0.102 0.13 0.047 | 0.075 | 0.093 | 0.084
0.037 | 0.019 | 0.14 0.113 0.06 | 0.056 | 0.10 0.047
3 0.168 | 0.186 | 0.065 | 0.093 | 0.121 | 0.149 | 0.093 | 0.195

[\]

2- By comparing the relative importance of locations in the model that determine the space of
results of the fuzzy linear programming model, consider the importance of location. Let specify
matrix O, matrix of paired comparison, we must find an eigenvector Y = (vq,v3...,v,,), for
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which the state ||w;;|| * (v1,v2...,0,) = a* (v1,v2...,v,) where © = ||o;;||, 0y; represented
the scale of influence of component ¢; in compare with component ¢; in matrix ©, where «
denoted to an eigenvalue. Once more calculate (© — a[])Y = 0, where U denoted to the
identity matrix , o = [0, 1], [1].

3- Here, when the decision-maker, consider location 1, 2 strongly influences to location 3, the
supplement of the mathematical model as follows:

1 1 5 1
(@—aU)Y: 1 1 5 —al O
1/5 1/5 1 0
11—« 1 5
= 1 11—« 5
1/5 1/5 11—«
—2 1 5 V1
= 1 -2 5 Uy
1/5 1/5 -2 U3

O = O
_ o O

(%1
V2
U3

, with calculating the value of o, a« = (0,0, 3)

e}

4- Finally, reformulate the mathematical model with add the new constraints and put the param-
eter a in the objective function to maximize its value. 0.455 < vq,0.455 < v,,0.091 < w3, vy >
Qa,Vy > Q,,V3 2>

9. Solving the model

The proposed mathematical model was solved by using LINGO software [7], and the results as
tables below:

Table 12: production plan of each product in location (1)

Product | method of production Period
(1) I6] 1 2 3 4 5 6 7 8 9 10 | 11 |12
1 1 734 | 601 | 243 | 1154 | 90 | 540 | 190 | 248 | 365 | O 0 |0
2 1 325 (869 | 984 | 0O | 590|488 | 674|908 | 124 | 80 | 0 | O
3 1 8751335 0 | 389 | O [425| O 0 | 120 O 0] 0
4 2 489 | 328 | 538 | 0 | 296 | 284 | 339 | 215 | 170 | 169 | 108 | 0
5 1 945 [ 382 | 779 | 885 | O | 653 251|119 8 | O | 32 | O

Table 13: production plan of each product in location (2)

Product | method of production Period (t)
(1) I6; 1 2 3 4 5 6 7 8 9 10 | 11 |12
1 1 650 | 488 | 310 | 1056 | O [352| 0O |[163]| 0O [200] O | O
2 1 480 | 625 | 575 | 0 | 540 | 290 | 465 | 358 | 178 | 0O 0] 0
3 1 550 | 869 | 910 | 470 | 521 | 0 |348 1240|159 | 98 | 35 | O
4 1 992 | 482 | 345 | 890 | O | 763|259 |341 224 | 0 |[115] O
5 3 675 (135 0 | 309 | O [325| O 0 | 120 O 0] 0
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Table 14: production plan of each product in location (3)

Ibrahim, Kaml

Product | method of production Period
(1) B 1 2 3 4 5 6 7 8 9 10 | 11 ] 12
1 1 258 | 0 462|632 372 0 |48 0 [295| 0 | O] O
2 1 7514351 0 | 289 O |525|128 | O 0 0 |0]O0
3 1 2791 0 196 0 |305] O 0 | 110 | O 0 |0]O0
4 2 0 0 0 |346 | 0 |[230| 0 [160| O |[105| 0 | O
5 1 2451 0 | 98 | O |124] O 0 0O |8 | 0 ]0]O0

production plan of product 1 of each
location at period (t)

period (t)

production plan of product 3 of each
location at period (t)

pariod [t]

production plan of product 2 of each
location at period (t)

production plan of product 4 of each
location at period (t)

Digrams (1) production plan of product(1,2,3,4) in each location at period(t)
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Table 15: workforce plan of each worker in location (1)

Z, o || Z, oo |o
© 3
= S = olo|o
Z, ™M |— O Z, o|lolo
10 -
—
= » RS = S ==
Z. O | | Z. D~ ||
< S
0 |O ™
= = ST S = D | &
.or— o=
g g
a, Z. — O ™A Z, — O |O
o o))
— [ D= [ap)
W — | | W O |0 |5
z — <t [ =z o™ o
o\ o0
00 1 |-
W (S O i W — ||
Z. A (e Z. <t ||~
— r~
= < |0 [ = 1 |en |00
~< ~<
) )
o o
Z |3 Z |3
= oM<t o = oM<t o
o |37 o | %
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Table 16: workforce plan of each worker in location (2)
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Table 17: workforce plan of each worker in location (3)

Period
worker type A i 5 3 1 5 G
state WINIWINIWINWIN|W|N|W|N
1 211141031, 719112110
2 1101211102385 |0|0]|1
3 261012 14 120(0 (1100 |1]2]0
4 2121312143, 810114110
5 2118|131, 71]19|112]11]0
Period
worker type A - 3 9 10 11 5
state WINIWINIWINIW|N W|N|W|N
1 0Ol2(0|5|2|1]0]0]O0]|1]7]1
2 Ojo{1|7]0]0]1]0]5]2]5]0
3 111312020 |1|71]0|4]2
4 O(4}2|17|1]1]01]0]12/0]| 6 |1
5 0O|2(0|5|2|1]0]0]17]1]12]3

Table 18: The avearage of raw materials from provider to location, and commodity to regions of
demands

Provider | Loc.1 | Loc.2 | Loc.3 | location | Reg.1 | Reg.2 | Reg.3 | Reg.4
1 1089 | 712 | 1446 | Loc.1 205 315 187 126
2 203 | 2608 | 1277 | Loc.2 67 152 0 496
3 1715 | 1387 | 1008 | Loc.3
1 658 2119 | 486 156 219 104 305

10. Conclosions

In this paper, a case study is presented of data which is unstable nature in a fuzzy environ-
ment, when there is fluctuation in the parameters of the mathematical model of the supply chain,
demands of sales centers, costs of transportation, costs of production, and holding of raw materials
and final products, labor costs, shortage costs multi-period. A proposal improved the model that the
decision-maker has a desire to prefer one manufacturing location over another, as the proposal relied
on developing a pairwise comparison in the Analytic Hierarchy Process (AHP). The study results
indicate that the proposed model can be applied not only in the supply chain but also by using it
in other fields and studies that require a comparison between two or more variables under a fuzzy
environment.
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Tabie 8
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