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ABSTRACT

High logistics costs of Indonesia led to lower ceititpveness of production Indonesia. To overcomis th
problem needs to be done implementation of logisiitegrated and supply chain of input-output esysbf
production of the company’s in the industrial aoédahe people. The application can occur with gnéion of
communication systems, transportation systemdijtfasisystems, and the provision of resourcesesysas well

as warehousing systems, the management coontinatid operation of logistics integrated and sujghlgin

can be obtained effectiveness and efficiency, exgnand productivity together. One of the importdrgw to
determine for warehouse a company on the industiieh of the people. His problem there are several
warehouses can be selected for logistics costs\Way. of solving this problem with the research #&gilon of
mathematical models to calculate the most optimatelwouse from several warehouses that can be used.
Mathematical model to be applied in the model magquation. From the data obtained three equations
warehouse, and the warehouse where the most optifrthe third warehouse to warehouse productiom of
company then obtained matrix model is a model matfi order three. With the completion of the matrix
obtained value most optimal warehouse costs. Thiaenmmtical model can also be applied to deternfiee t
production warehouse of several other companigbdrarea of the Indonesia industry. This researas also
useful for the development of green economy on kmdl at sea, with the approach of the industrieh af the
people. If mathematical models applied to integtdégistics systems and supply chains on the indligrea

of the people. then obtained a low cost logisfidsereby increasing the competitiveness of the gemamomy

on people's industrial area

Keywords: Management Logistics Integrated And Supply Chain, Applying Mathematical Model to Warehouse
Selection.

INTRODUCTION

ASEAN free trade implementation will beginmediately, will have an impact on the improvemefthe
competitiveness of production the peoples. Howliout the competitiveness of production of the fresan
people are still far from satisfactory, the comipetness of Indonesia's production is still lowgdo the high
cost of logistics (approximately 40%). Indoneslagistics performance is very low compared to ottwintries,
to solve this problem Indonesia need to implemaeningegrated logistics management and supply cimthe
industrial area of the people, so that the regim loe applied to input-output system of productastors and
production with supply chain management. As well istegrated communication systems, transportation
systems, facilities systems, and the provisionystesn resources, as well as warehousing systernh e
coordination and management of logistics operatiofis be obtained optimal. effectiveness, effiaggn
economy, productivity (3EP). One program that gjtprsupports the implementation of a warehouseois t
determine some of the existing warehouse to a coypanost optimal. Study the application of mathicah
models greatly help solve this problem.

This research used qualitative and quativé data. Qualitative data is used for non-dia#k analysis.
Meanwhile, quantitative data is used for stati$ticalysis. It also has primary and secondary ddte.primary
data is obtained directly from logistics managei@ss the secondary data is obtained from othergsartlated
to the research.

The measurement of the answer is base@inatytical Hierarchy Process method (AHP). (Marntian
Nurul Maghfiroh, 2010) Analytical Hierarchy Procd#dHP) is a systematic decision making method wihiels
introduced by Thomas L. Saaty during 1971 - 197®mwhe was in Wharton School. It is used if thee ar
various criteria of the decision making. There soene principals that need to be understood fromAiHE
method, namely: decomposition, comperative judgmesynthesis of priority, and logical consistency.
Furthermore, AHP also has a special concern albmutiéviations of consistency in the pairwise cornspar
matrix. First, the decision makers make a scoringhe relative importance between two elementsitgtiakely
of "vertical (ci)" element with "horizontal (cj)"lement in the pairwise comparison matrix using fiiowing
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formula. Formulation based on kreteria of severataliouse A, B and C, that are related to systeracigp
warehousing, warehousing facilities systems, partation system, costs of logistics warehousirigpm the
industrial area of the people. Pay attention tofthenulation of a mathematical model to solve thebtems
here.

Some kreteria for consideration in the selection o& storage area from several companies in the induisl
area of:

a. Warehouse's width; this is the first criteriawdd be considered.

b. Facilities; assessed only on the availabilitypalflets owned by the suppliers and types of sefagilities on
each alternative which are racking and stackingksdbulk)

c. cost; assessed from the rental and shipping dosi the factory to the warehouse as well asctigt per
pallet.

d. Location; assessed from the distance and ttamelbetween factories and warehouses

What being analyzed in this case is three warelsoosé¢he industrial area of the people. With to@in criteria,
namely warehouse A, B, and C.

Table. 2. is pairwise comparison matrix of the eziéd of warehouse selection equiped with the redati
importance score between elements and values ofm@xReciprocal based on the results of relativeomapce
score between elements of decision makers value.

The table is the initial assessment done by comgdtie vertical elements with horizontal elements.

a. Warehouse's width is more important than faediso it is weighted 3.
b. Cost is more important than warehouse's width isoveighted 3.

c. Warehouse's width is more important than locesio it is weighted 5.
d. Cost is more important than facilities so ivsighted 5.

e. Facilities is more important than location sis iveighted 3.

f. Cost is more important than location so it isgired 5.

The matrix gave result to the total value for eaoclumn that is Eigen value (Z) of the pairwise camigon
matrix. Column that has the smallest Eigen valuk lvé the highest priority score to the normalizedtrix.

Table. 3. refers to normalized matrix which wasgdifrom the division of the pairwise comparisortniraand

the Eigen value of each column. It shows the resafithe perfect normalization calculations, asttital value
of each column is 1.0000, as well as the priorigres for each criterion. After getting the prigréicore, the
next is to test the consistency of the resultet#dtive importance score between elements by gdttie value of
Consistency Ratio (CR) through the following steps:

A. Counting the Eigen Vector Score.

W = ZnakaW
1,0000 3,0000 0,3333 5,0000 0,2729 1,1666
0,3333 1,0000 0,2000 3,0000 0,1276 = 0,5251
AWO0= 5,0000 1,0000 5,0000 0,5329 2,322
0,2000 0,3333 0,2000 1,0000 0,0667 0,270

Zmak  =1,1666 + 0,5251 + 2,3227 + 0,2703
=4,2847
The Eigen values (Zmax) is 4.2847
It shows that each element (criterion) containspttierity score of the element.

B. Counting the Consistency Index (CI).

Cl=Zpax -N =4,2847 -4
n-1 4-1

C. Counting the Consistency Ratio (CR).

CR=CL = 0,0949 =0,1055
RI 0,90
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n is criteria compared. Based on table 1 Rl scaor@fe 4 is 0.90
The CR value gained from the calculation above.19885. Because CR < 0.10 then, there is no ne€d the
assessment revision because the priority scoraabf alternative is consistent and valid

Priority decision against kreteria system capacityvarehousing

The first criterion is to perform pairwise compars for each alternative of warehouse's width roite Filling
the relative importance score of each alternatiyairest the warehouse's width criterion is done binai the
result of the interviews done to the logistics ngera, as seen on table. 4.

The table is the initial assessment done by comgdtie vertical elements with horizontal elements.

a. Alternative Warehouse B is more important tHéermative Warehouse A, so it is weighted 3.

b. Alternative Warehouse C is much more importhahtalternative Warehouse A so it is weighted 7.

c. Alternative Warehouse C is more important tHéermative Warehouse B so it is weighted 5.

The matrix gave result to the total value for eaoclumn that is Eigen value (Z) of the pairwise camigon
matrix of the warehouse's width. Next is to males tbormalized matrix as shown in table. 5. Tableefers to
normalized matrix which was gained from the diusmf the pairwise comparison matrix of warehouwsédth

criterion and the Eigen value of each column. tiveh the results of the perfect normalization catahs, as
the total value of each column is 1.0000. It alkoveés the priority scores for each column. Aftertiget the
priority score, the next is to test the consisten€yhe relative importance assessment betweeneglsmby
setting. The value of Consistency Ratio (CR) thiotlge following steps:

a. Counting the Eigen vector

AW = Z ks
1,0000 0,3333 @34| 0,0833
Aw = 3,0000 1,0000 0,20P00,1932
7,0000 5,000a,0000 0,7235
1,0000
= 3,0000
7,0000

Znax =0,2511 +0,5878 + 2,2726

=3,1115
The Eigen values (Zmax) is 3.1115. It shows thahealement (criterion) contains the priority scorfethe
element.

b. Counting the Consistency Index (CI).

Cl =Znax -n  =3,1115-3 =0,0557
n-1 3-1

c. Counting the Consistency Ratio (CR).

CR=CL = 0,0557 =0,0961
RI 0,58

n is criteria compared. Based on table 1 Rl scorenfe 3 is 0.58The CR value gained from the cateuta
above is 0.0961. Because CR < 0.10 then, there iserd to do the assessment revi sion becauseithiyp
score of each alternative is consistent and valid.

Compare each system facilities owned warehouse ing warehouse selection
The next process is to perform pairwise compasdor each alternative against the facilitiesetion. Filling
the relative importance score of each alternatgagrest the facilities criterion is done by usingthesult of the

interviews done to the logistics managers like steps taken before as shown in the matrix of téblerhe
matrix gave result to the total value for each nwoiuhat is Eigen value (Z) of the pairwise comparisatrix of
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the facilities. Next is to make the normalized rixaers shown in table. 7able. 7. refers to normalized matrix
which was gained from the division of the pair-wisenparison matrix of facilities criterion and tBgyen value
of each column. It shows the results of the penfiecmalization calculations, as the total valueath column is
1 .0000. It also shows the priority scores for eaglumn. After getting the priority score, the next is tstt¢he
consistency of the relative importance assessmetmiden elements by setting the value of Consist&atjo
(CR) through the following steps:

a. Counting the Eigen vector

AW = Z kg W
1,0000 @mo 2,00 0,49
Aw = 0,5000 1,000,000 0,311
0,5000 0,5000 1,00 0,1976
1,5095
= 0,9524
0,5988

Zoax = 1,5095 + 0,9524 + 0,5988

= 3,0607
The Eigen values (Zmax) result is 3.0607. It shtived each element (alternative) contains the pyi@iore of
the element.

b. Counting the Consistency Index (ClI).
Cl=Zpu -n =3,0607 -3 =0,0304

n-1 3-1
c. Counting the Consistency Ratio (CR).
CR=ClI = 0,0304 =0,0523
RI 0,58

Based on the above calculation, the CR value i52ZB0Because CR < 0.10 then, there is no need tihalo
assessment revision because the priority scoraalf alternative is consistent and valid.
Comparing the warehouse selection based on logistiost kreteria

The next process is to perform pairwise comparigongach alternative against the criteria of cédting the
relative importance score of each alternative ajaihe Cost criterion is done by using the restlthe
interviews done to the logistics managers and tedguh the matrix of table. 8. The matrix gaveuie$o the
total value for each column that is Eigen valuedjhe pairwise comparison matrix of the cost. Nexo make
the normalized matrix as shown in table. 9. TaBletefers to normalized matrix which was gainedrfrthe
division of the pair-wise comparison matrix of casiterion and the Eigen value of each alternati&fier
getting the priority score, the next is to test tumsistency of the relative importance assessibetween
elements by setting the value of Consistency R&tR®) through the following steps:

a. Counting the Eigen vector

AW = ZaksW
1,0000 5,0000 0,333 0,282
Aw = 0,2000 1,00000,1429 0,073
3,0000 7,0000 1,000 0,64

0,8662
= 0,2223
2,0083
Znax = 0,8662 +0,2223 + 2,0083 = 3.0967
The Eigen values (Z max) result is 3.0967. It shtives each element (alternative) contains the gyiscore of
the element

b. Counting the Consistency Index (ClI).
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Cl=Zpa - N =3,0967 —3 =0,0484
n- 1 3-1

c¢. Counting the Consistency Ratio (CR).

CR=ClI = 0,0484 =0,0834
RI 0,58

Based on the above calculation, the CR value i8340Because CR < 0.10 then, there is no need tihalo
assessment revision because the priority scoraabf alternative is consistent and valid.
Comparing transportation system on alternativ locaion the warehouse selected

Then, the process followed by pairwise comparidonsach alternative against the criterion of lawatusing
the result of the interviews to the logistics mastagso we get a pairwise comparison matrix as seeable. 10.
The matrix gave result to the total value for eaoclumn that is Eigen value (Z) of the pairwise camigon
matrix of the location. Next is to make the normmatl matrix as shown in table .11. Table. 11. refers
normalized matrix which was gained from the divisif the pairwise comparison matrix of locationtexion
and the Eigen value of each column. It shows tlelt® of the perfect normalization calculations ttzes total
value of each column is 1.0000. It also shows theripy scores for each column. After getting theopty
score, the next is to test the consistency of ¢ettive importance assessment between elementsttiygsthe
value of Consistency Ratio (CR) through the follogvsteps:

a. Counting the Eigen vector
AW = Z kW
1,0000 5,0000 3,000 0,63 1,94p6
Aw = 0,2000 1,00000,3333 0,106 0,3197
0,3333 3,0000 1,000 0,26[05 0,7901
Znax = 1,9456 +0,3197 + 0,7901
= 3,0554

The Eigen values (Zmax) result is 3.0554. It shtived each element (alternative) contains the pyi@gore of
the element

b. Counting the Consistency Index (ClI).
Cl=Zpu -n =3,0554 -3 =0,0277

n-1 3-1
c. Counting the Consistency Ratio (CR).

CR=ClI = 0,0277 =0,0477
RI 0,58

Based on the above calculation, the CR value ¥77.0Because CR < 0.10 then,
there is no need to do the assessment revision.

Decision making on selection of warehouse companyith the highest score in the industrial area ofhe
people

The last process in the calculation of Analyticandrchy Process (AHP) is to calculate the aggeegatbre of
each alternative warehouse which was obtained bliplying the priority score of each alternative afi
criteria with a priority score of each criterionhd alternative warehouse that has the highest gaigrevalue is
chosen as a reference in decision-making. Tableldvs the aggregate scoring.
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Table.12. Results Final Scoring of Each Alternative

Warehouse's width |Facilities Cost Location |Aggregate
Value
0.2729 0.1276 0.5329 0.0667
Warehouse A 0.0833 0-4905 0.2828 0.6333 |0.2783
Warehouse B 0..1932 0.3119 0.0738 0.1062 0.1389
Warehouse C 0.7235 0.1976 0.6434 0.2605 |0.5829

CONCLUSION

Mathematics models has been able to answer toogletermine the optimal warehouse of a compaogtéal
in the industrial area of the people. Have a ahoitthree warehouses. On the industrial areaeop#ople. The
selection depends on the kreteria capacity of taeelouse shed, warehouse facilities, systemspivatasion.
Use the system of logistics integrated and supp8in. retrieved the system inputs and outputanRie input
data obtained incorporated into the formulationhef three last-order matrix equation solved mdth,dbtained
results that matter optimal warehouse C more tharAtand B warehouse for the company. Table.12Wike,
if we want to find a suitable warehouse for othempanies with do the same mathematical model. 8o th
conclusion has been reached and the purpose <fsthdy to determine the appropriate of warehouae,
company located in the industrial area of the peopith management logistics integrated and suppbin.
Warehouse C was selected the storage companyis industrial of the people, as it has aggegetee high,
one and half hour to get there. The cost that nemd® prepared by the company is Rp 1,413.036z82the
delivery cost from the factory to the warehousB|s1,300,000 and the cost per pallet is Rp 31,625.
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Lampiran

Tabel. | Random Index (RI) Score
n 1 2 3 4 5 6 7 8 9 10
RI 0 0 058 090 | 1,12 | 1,24 | 1,32 | 1,41 | 1,45 | 1,49

Source: Sri Mulyono (2001)

Table 2 Pairwise Comparison Matrix of Warehouse Selection @teria

Focus Ware- Cost Loca-
house's Facili- tion
width ties
4 digit 4 digit 4 digit 4 digit
decimal decimal decimal decimal

Warehouse's 1 1.0000 3 3.0000 1/3 0.3333 5 5.0000
width

Facilities 1/3 0.3333 1 1.0000 1/5 0.2000 3 3.0000
Cost 3* 3.0000 5* 5.0000 1 1.0000 5 5.0000
Location 1/5% 0,2000 | 1/3* 0.3333 | 1/5* 0,2000 \ 1.0000
Total 4.5333 9.3333 1.7333 14.000

Source: Processed interview result
* = reverse score (axioms reciprocal)

Table 3 Normalized Matrix

Focus Warehouse's Facilities Cost Location Priority Score
width
Warehouse's 0.2206 0.3214 0.1923 0.3571 0.2729
width
Facilities 0.0735 0.1072 0.1154 0.2144 0.1276
Cost 0.6618 0.5357 0.5769 0.3571 0.5329
Location 0.0441 0.0357 0.1154 0.0714 0.0666
Total 1.0000 1.0000 1.0000 1.0000 1.0000

Source: Processed Interview result
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Table 10 Location Pairwise Comparison Matrix

Warehouse's »idt Warehouse A Warehouse B Warehouse C
criterion
4 digit decimal 4 digit decimal 4 digit decimal
Warehouse A 1 1.0000 5 5.0000 3 3.0000
Warehouse B | 1/5* 0.2000 1 1.0000 1/3 0.3333
Warehouse C | 1/3* 0.3333 3* 3.0000 1 LOOOO
Total 1.5333 9.0000 4.3333

Source: Processed Interview result
* = reverse score (axioms reciprocal)

Table 11 Normalized Matrix

Location Criterion,  Warehouse A Warehouse B Warehouse C Priority Score
Warehouse A 0.6522 0.5556 0.6923 0.6333
Warehouse B 0.1304 0-1111 0.0769 0.1062
Warehouse C 0.2174 0.3333 0.2308 0.2605

Total 1.0000 1.0000 1-0000 1.0000

Source: Processed Interview result

Table 12 Final Scoring of Each Alternative

Warehouse's width Facilities Cost Location | Aggregate
Value
0.2729 0.1276 0.5329 0.0667
Warehouse A 0.0833 0-4905 0.2828 0.6333 0.2783
Warehouse B 0..1932 0.3119 0.0738 0.1062 0.1389
Warehouse C 0.7235 0.1976 0.6434 0.2605 0.5829

Data source: processed by the writer
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