Proceedings of the International MultiConference of Engineers and Computer Scientists 2010 Vol III,

IMECS 2010, March 17 - 19, 2010, Hong Kong

Negotiation Based Collaborative Planning In
Two-tier Supply Chain

Yuan Chao, Hao Wen Lin, Tomohiro Murata

Abstract—This paper focuses on a negotiation based
collaborative planning process for order pattern déermination
of multi-period planning in a two-tier supply chain scenario.
The aim is to study how negotiation based planningrpcesses
would be used to refine locally preferred orderingpatterns,
which would consequently affect the overall perforrance of the
supply chain in terms of costs and service level. iKimal
information exchanges in the form of mathematical radels are
suggested to represent the local preferences andeaused to
support the negotiation processes.
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Production planning is a management processaihsg
to determine the best usage of manufacturing ressuin
order to satisfy the overall production requestraveertain
period. In general, production request is derivexnf both
actual customer orders (Make-to-order) and theciatied
sales opportunities as forecasted by local managebased
on historical data and consumer trends (Make-t@ihiory)
@ Production requests and the actual market dema
however, often suffer costly inconsistencies due
forecasting errors. In the current era, a manufagsystem
does not exist as a single body but rather a daleof
entities, and that each entity performs a unique ofe
operations to add values to a product and bringgtbduct a
step closer to the end consumers. These manufagtur
entities differ from specialized functional workgisowithin a
manufacturer, to groups of manufacturing partnieas torm
tightly inter-dependent supply chains. Betweendtestities,
coordinated planning is critical to ensure thatgheduction
request at each entity is determined as synergilstias
possible for each planning period, so that unnecgss
manufacturing resource wastage and excessive ioment
carrying costs would be effectively avoided.

According to Stadtler®, coordinated planning can be
performed on operations such as production, stoeagkthe
distribution of goods. This type of processes iseatral
element of Supply Chain Management (SCM). Coordithat
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planning can be categorized into centralized and
collaborative approaches. The centralized planapmgoach
implements a hierarchical technique where all @bV
information must be collated by a top managemetityen
and that medium-to-long term decisions are made &kout
the overall production requirements for the entire
manufacturing system. The top level decisions aszaded
down to a series of short-term objectives at eveoal
entities of the manufacturing system. The centdliz
approach is not suitable for all types of SCM peoix
mainly due to the following three issues. Firsthg collation
of all relevant information from all entities isfiitult to
achieve due to the natural boundaries existed leetvilee
considering entities. This is especially true whmrsiness
confidentiality is an important issue between thembers of
a supply chai®. Secondly, objectives that are derived from
top level decision may not be decent or not pretkby the
local entities, and there is a lack of empowernterdictate
local entities to perform such operations. Thirdipe
centralized planning problem would be highly corated
due to a large number of parameters, variables, and
nflicting constraints existed between differemitées. The
roblem would be difficult to model and analyzedaetalil

C
i
ithin a reasonable time. Collaborative planningi®ther

approach which can be applied to both downstreath an
upstream planning modes, as well as suitable fog-term,
medium-term and short-term planning peridtisUsing the
collaborative planning approach, each partner acaelyf
Ianalyze and determine optimal local planning gaais, then
exchange only the relevant information that wouéd jbst
enough to support negotiation processes that ainefine
local decisions in order to achieve best possibkrall plan
for the entire manufacturing systéth Without information
sharing each partner only possesses knowledges afwh
operations and that local demands are often inatslyr
forecasted. Suppliers forecasted demand at theoEerdch
production cycles based on their best guesse®nflihyers’
needs with respect to their previous order quastitivithout
proper communication, all partners in the supphaich
determine their local optimal plans using only tloeal
information. This will typically result in poor prmance

with unexpected high cost, large inventory or shgetand

amplified demand swings as described by the “bufwh
effect” ©. In order to improve the performance of a supply
chain, the planning process of each partner instgply
chain should be linked and synchronized with eablero A
coordination scheme which synchronizes operationd a
improves total cost of multi-buyer and single sigrpivith
multiple productions is described in Dudek and S¢ad’.

This study aims to use mathematical models to sgoite
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the preferred multi-period order pattern for evergmber of
a two tier supply chain scenario that consistssifigle buyer
and multi-suppliers. Further, a negotiation schésvapplied
on the models in order to determine a consensws pattern
throughout the supply chain, which simultaneousglrizes
the overall order fulfillment ratio and operatioralsts. The
problem overview is presented in Section 2 of plsiper. The
mathematical model and the negotiation scheme fmed
solving the problem are defined in Section 3. Aaragle is
given in Section 4 to demonstrate the applicatiérthe
approach introduced in this paper. Finally, conoclsand
discussion on future work are included in Section 5

Il. PROBLEM OVERVIEW
A. Supply Chain Model

In this paper, the cooperative environment is @afias the
collaborative planning between suppliers as in skeond
case.

In practice, each supplier would generally servdtipia
buyers, and that the overall demands would somstime
exceed a supplier’'s production capacity. Under Seeimario,
the supplier needs to determine the productionagpthat
can be allocated to each buyer at every planningpge
depends on the historical demand from buyer anttulyer’s
importance level. Further, each supplier woulditseinique
minimum ordering quantity in order to ensure a oeable
return on every customer order. Buyer will ask fhis
information at the beginning of each planning hamizand
this will be used by the buyer to determine itstiadiy
preferred purchase quantity for each supplier iengv
planning period considered.

This paper focuses on model building and negotiatio

formulation for collaborative planning processea imvo-tier
supply chain scenario, where there is a single byl

B. Negotiation process
The negotiation process presented in this papethnas

multiple suppliers. As depicted in Fig. 1, eachigp has a main stages. Firstly, the buyer asks for the infitiom on
set of unique production processes, which candpgasted to  minimum ordering quantity and ordering capacity éoery
produce their corresponding product familieg. PThe period of the planning horizon that has been sugdesy
production requests ofsPare triggered by the buyer aseach supplier. The buyer then generates its Idaahjng for
specific B are required as input components to prodyee P order quantity based on these kinds of informatiad his
the buyer’s end. All production processes are paréal on  own demand.. Secondly, suppliers receive the drdar the
some specific resources, and that each type ofiress has buyer and verify it against their existing prodoatirequests

its unique performance parameters as well as clityadmd
capacity constraints.

Supplier 1
Production P1,1/ Resource R1,1

Supplier s
Production Ps,1/ Resource Rs,1

A

Production P1;/ Resource R1, Production Ps,j/ Resource Rs,j

~.

Buyer
Production P1/Resource R1

Production Pj / Resource Rj

Fig. 1. The two tier supply chain system
Based on the demand of their local products, tlyeibcan
request orders from all of the suppliers to fulfile part
requirements of their local production commitmeritsis
undesirable for the buyer to source their input gonents

from a single supplier as each supplier has differe

production capacity, delivery lead-time, and pricon their

products. The buyer must determine the most peerr

ordering patterns from all of the suppliers thatuldo
eventually best support its internal performanégsrt from
this quantitative aspect, there are qualitative efies1 on
sourcing from multiple suppliers. Firstly, it is @esired
tactical approach for the buyer to balance its aréetween
the suppliers in order to minimize the

workforce shortage, which could impair the perfonee of
any specific supplier. Furthermore, maintaining tiplé
suppliers could offer a decent capacity bufferdpeewith the
end buyer's demand fluctuations. Finally in thesprece of
multiple suppliers, a competitive environment carcheated
between the suppliers, which would result in imgev
product and service qualities for the buyer. Besidee
competition, there can also be cooperation betwappliers.
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impacts of
manufacturing risks, such as machine breakdown and

and capacities. Each supplier then determines whdtie

ordering quantity from the buyer is out of his mmaum

production capacity for this buyer or not. If thgpplier can’t
satisfy the ordering quantity by himself at thispsthe can
also make order to some other suppliers whichwaltk as
outsourcing. Then its desired supply quantity & biayer is
generated.. Finally, the buyer receives the prapcsgpply
guantity from each supplier and decides if the bfdeeach
supplier needs to be refined. If refinement is weeedhe
process is iterated until a best possible consessssiution
is obtained. In this process, the buyer will haverenpower
on choosing which suppliers would be requesteddalyce
its supplies. The mathematical models used to septethe
preferences at each stages of the negotiation ggsoam
introduced in the following section.

I1l.  MODEL FORMULATION AND NEGOTIATION PROCESS

This section is dedicated to define the mathematica
models, and to introduce the negotiation proceaswiould
form the overall approach to solve the problem gmé=d in
Section Il. The mathematical models are used tessmt the
local preferences of the buyer and suppliers, &eg also
form the focal discussion point for the evaluati@gotiation
of the process.

Notation

Sets

Ssupplier set

T planning period

Data

ch holding cost of buyer

chs holding cost of supplier s

cf fixed setup cost of buyer

cfs fixed setup cost of supplier s

cps price for buying product from supplier s
cp_s s1Selling price for each supplisfrom suppliers1
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csshortage cost of product of buyer

¢S shortage cost of product of supplir

cap capacity of buyer

cap, capacity of supplier s

D, Buyer's forecast demand over pel

r unit requirement of supplied product

| starting inventory of product

IS starting inventory of supplied produc

X0_max; maximum order quantity

X0_min ; minimum order quantity

losty products that can’t be produced by supplie
according to the order at the end of the pe

ovel;the more products that can be produced by supg
according to the order

Variable

c total cost

Cs cost of each supplier s

iy inventory of product

y; setup variable

X, output of product

is; inventory of supplied product

xs;torder from buyer

sh shortage quantity

x_supply;supplied quantity from supplier s during pe!

x_orderorder quantity from buyer

XI'ss1t Ordering quantity to suppliesl by suppliers in
planning period.

Xls s11SUpplying quantity from supplies to supplierslin
periodt

Xr_Ss; s1.15Upplying quantity from supplis1to supplieisin
periodt

x|_order, ¢; corder supplies gets from supplieslin period
t.

A. Negptiation prazes

The negotiation process is triggered by the buyeillsto
purchase supplies from suppliers. The buyer witkt
perform its local planning and generate a prefeweder
pattern according to the model explain in-sectionlII-B.
After the suppliers get the orddérom buye and other
suppliers they will check the order and generate tl
preferred supply to buyeand other suppliers if necess
according to his minimum ordering quantity and mawn
production capacity and transfer the result badkutger or tc
other suppliers by using the model in sdztionlll-C. The
last thing for the cycle is for the buyer to regate his
preferred orderdsed on the supply quantity replied from
suppliers, which are generated by the model defiime
sub-sectiorlII-D. The negotiation cycle is terminated w
the deviation between ordering quantity and suppkeluce:
to a certain level. This terminatingondition can b
interpreted as the buyer and the suppliers arecagyen ¢
particular ordering pattern that both satisfiesfihal demanc
and that each member is satisfied with their retipg
operational costs. An overview of the whole nedimtia
process is depicted in Fig. 2.
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Buyer Suppliers

[ Local optimal |

planning
| Order xs J

Goal programming
Supply quantity xo.

Goal programming
Qrder quantity xs

Final order
QOrder quantity xs

Fig. 2. Negotiation proce
B. Buyer's local planning mod

min ¢

sit.

C=Z(ChEl+chx)+Z(CQDZ ><§J M

tar 1S oT

it—l X = Dt +it )

ip =1 ®3)

i, % 20 4)

X, < caplly (6)

y O0{0.1} (6)

XS, 2 X0_ min, ()
(8)

2 XS = 1K
EEN]

Equation (1) calculates the total cost for the patidn of
the buyer’s local planning. Constraint (2) considire flow
balance between demand, inventory and output. Gons(5)
ensures that the capacity restrictions would satibfe
production setp requirements. Constraint (7) forces
ordering quantity to be larger than the minimumeuving
quantity, which is requested by suppliers. Whil&és§ging
the output demand and inventory level for the products
produced by the buyer, the model dmines the order
request quantits from each supplier using constraint (
The objective of the model is to minimize the tdbaial ordel
fulfillment costs.

C. Buyer’s goalprogramming mod
min c+> (d1 +d1)+Y (d + o)
st (3)-(7)
c=>(chij+ig)+cfOy+

taor

9

CS[BD)+Z( cp), X§‘j

1S aT
ri,+r X +dl =r M +d 1, +r (10)
IS+ xg, = rix+is (11)
sS

is, = IS (12)
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is;,Xxg,20 (13) D. Supplier's goal programming model
Sixg +d+ L = min ¢, +Y (d1,+dL)
s T
(14) .
> x_supply + di, + di, ¢, =Y (ch O, + cf .y, + csd’,)
q1S tar
Dxg rd+d = +DCP_Sa° D Xy,
o ' (15) sl0s aT (22)
ZX_SU pply, + d,+ d, is,t—l+xs,t+ Z Xlg g = X0t i stt Z Xl Y
T si0S s (23)
X§, S X0_ may, 16) i =1, (24)
i 25
if | > lost, <Zovegj di =) ( over- los (17) lsv¥ae20 (25)
s gs 5 s X < caps,tEQl+ 0.2) * Yo (26)
if | Ylost, =) oveg} d, =0 18) ¥..0{0.3 (27)
8 ss X0, + ) Xl gt ) Xl g+l dl,
if XS, tis, > rEDj e e N _
g‘é ! ' t (29) = XSs,t"'Z XI_ Orde[;a,ﬁ d]'st-l+ d]'sfl
ot — _ s s0s (28)
snN = =T X 1S
h=dj =0 ;S $: i%y L +d2L, +dZ,
if (Z XS, s, < r[Dtj sh=d;=0 (20) SXM_S gt A2 g 1t A2 g, (29)
. =8 | T xs,| o X0, , = cap,, (30)
eviation= ron - X 21 .
; R OT 95 % d]s,o!d]s;: 0 (31)

The new functiond,” is the modification between New variable di; captures the modification from
suppliers and thell,"" defines the modification between suppliersto the order and supply quantities between plannin
planning periods. periodt.

Constraint (9) shows the total cost of buyer's goal Constraint (22) is the total cost of each supmiagbal
programming which includes inventory holding cafup programming which includes inventory holding castup
cost, shortage cost and purchasing cost. Cons{iEtand cost and shortage cost, and the last part in thistcaint is
(11) balance the supplied products from the suplie the purchasing cost for ordering from other supglie
requirement of the products and the existing inmgnt Constraint (23) defines the flow balance betweesiiories,
Constraint (14) suggests the buyer to make littienges on outputs, products supplied from other supplierdecs from
the supply quantity to achieve an improved ovecatler the buyer, and orders from other suppliers. Comt(28)
fulfillment cost for the system. The refined ordgrantity is  allows the supplier to make a little change ondteer as the
replied back to the suppliers as the new order tifyan the  final supply quantity to the buyer and other sugnsli Each
next negotiation cycle. In this model, the orderiugantity supplier has to consider with his maximum productio
can be adjusted between each supplier, and als@®&eteach capacity that can be allocated to the buyer. Imtbdel, the
planning period. These features are realized bys€aints maximum production capacity is defined as 20 perzeger
(14) and (15). than the minimum ordering quantity. This scenar® i

Constraint (16) defined that the ordering quangityuld represented using constraints (26) and (30).
not be larger than the maximum ordering quantiist tis The new functiord2, s, { stands for the modification of
considered for the current iteration. release from suppliesl between planning periadwhich is

If all of the orders in the planning period haveeibe made by supplies.
satisfied by the suppliers, there won't be any bad&r  The order between suppliers also is defined &ittis no
quantity. If the supply is suggested to be morentlize order in periodt from other supplier, one supplier can't
desired ordering quantity, then backorder will rio¢ modify any release to other suppliers. Moreovethére is
considered in the following planning iteration. @tiise, the order from others in planning periddone can’t make order
backordered parts should be added back into thestdgnt back to this supplier in this period.
at the beginning of the next planning period. Toishown as  In this planning process, the supplier will consitielocal
constraints (17), (18), (19) and (20). As the deéera production capacity with total cost, and decides lmany
between the buyer's demand and supply is changedgdu buyers to supply to.
the iteration, it will be considered as the dewiat{21) should
be less than the one from last iteration. V. EXAMPLE

In this section, a simple example is used to ithtst the
strength of the approach presented in Section 8 ekample
considers there are a single buyer and a totalhodet
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suppliers. Two cases are used in this sectiondarparing
the performance of the negotiation process. In case
negotiation process is built only between buyer sungplier
While the negotiation process is built between $iepp as
well in the other case. The values of parametesd us this
computation test are shown in the following tablezble 1
shows the production capacity of each supplier. Gdmacity
will be static during the planning horizon.

Table 2 is the selling price obtained from eachp$iap
which is static but their values are different freach other.
The supplier with largest production capacity Heeslowest
selling price while the smaller one has the higtesdling
price. The selling price is also use in the seccask in this
paper for each supplier.

The forecast demand of buyer over 4 periods is show
Table 3.

Table 4 and Table 5 summarize the results of theits
final ordering quantity in each planning periodnfreach
supplier in case 1 and case 2. Fig. 3 depictsdhestment of
the total ordering quantity and the operation afsbuyer
during the negotiation process. It is demonstraigdthe
result that the negotiation improves both of thgeotives that
are considered in the model.

Table 1. Production capacitgap, )

Activity Period 1 | Period 2 | Period 3 | Period 4
Supplier 1 140 140 140 140
Supplier 2 80 80 80 80
Supplier 3 180 180 180 180

Table 2. Price from each suppliepd)

Activity Selling price
Supplier 1 40
Supplier 2 60
Supplier 3 20
Table 3. Forecast demand of buy@y) (
Activity Period 1 | Period 2 | Period 3 | Period 4
Buyer 403 441 476 576

During the negotiation process, the fulfillmentioaif the
buyer increases, and the total operation costcesdi\s the
negotiation process iterates, the buyer’'s ordegogntity
becomes better satisfied by the suppliers. Herestibrtage,
which inherently affects the overall operation spstill be
reduced. Using the model, the fulfilment ratiotbé buyer
has been increased from 91.98% to 100.16% in cas®ll

Table 5. Final ordering quantity (Case?2)

Activity Period 1 | Period 2 | Period 3 | Period 4
Supplier 1 | 176.5 176.5 163.5 165.5
Supplier_2 86 80 80 80
Supplier_3 219 220 225 225

Fulfill ratio & Operation cost

102.00%

100.00%
98.00%

=} -
= 06.00% / 4 L 3100 =
E A N N E
E 94.00% p, X - 2100 F
£ 02.00% %\/\:‘ L 100 &

S0.00%

7 8 9 10 11 12 13 14 15

Tteration time
— @ — Fulfill ratio(Casel)
— — — Operation cost{Casel)

—i— Fulfill ratio(Casel)

— Operation cost{Casel)

Fig. 3. Buyer’s fulfill ratio and operation cost

Fig. 4 shows the change of inventory and shortagel lof
each planning period along the number of negotigiimcess
iteration, where the color bars stand for the in@gnand the
grey bars are the shortage. At iteration 1, theebayorder
cannot be satisfied at the end of the planningzboriand a
large number of shortage exists. As the negotigtimtess
goes by, the shortage is reduced. Since the oglgriantity
in the last planning period is the largest, thedpmtion
capacity within the period cannot fulfill the dendaand that
necessary inventory must be carried over from previ
periods. After several iterations, the ordering mjitg is
satisfied at the end of planning horizon and adjest is
taken to reduce the unnecessary inventory.

V. CONCLUSION

In this paper we have presented our study on atiaeign
based collaborative planning process for determirtime
optimal ordering pattern between two suppliers amdbuyer
in a multiple planning period scenario. The reshibws the
strength of the approach in reducing the overadirafional
cost of the two tier supply chain system, and priaves the
overall performance of all the members in the syste the
proposed approach, it is demonstrated that thrtheglusage
of mathematical models, local preferences of eactnprs in
the system can be concisely represented and isbiiitor

from 95.73 to 100.05% in case 2 and that the olera@upporting the negotiation process.

operation costs are also significantly reduced.
Fig. 3 also shows that in case 2 the fulfill raticrease
quickly while the starting level of fulfill ratiosi higher than

The study on the collaborative problem presentad e
still at an early stage, and the model introducethis paper
is very simple. There are many performance var@ble

that in case 1, after that, the fulfill ratio insea2 has some inter-relationships, constraints, and conflictirgaty not yet
small adjustment and can be stopped whenever buygnsidered in the current model. Further reseamt a

consider. However, because of the demand betwemlists,
the supplying level from each supplier will not\ery hard,
and it becomes a factor which will impact the sypfu

buyer.

Table 4. Final ordering quantity (Casel)

Activity Period 1 | Period 2 | Period 3 | Period 4
Supplier 1 163 168 168 168
Supplier 2 80 96 96 96
Supplier_3 183 221 244 216
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experimental work are needed to refine the modehaake it
practical for solving real industrial problems. $hestudies
would include the consideration of logistics cdlsg balance
of the inventory cost and logistics cost, multigdeoduct
types, more complex production inter-relationshipsveen
the buyer anti its suppliers, and performance ailyn the
mathematical models and the negotiation process.
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Inventory & Shortage (Case 1)
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Fig. 4. Inventory and shortage
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