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Abstrat Working apital management (WCM) is inreasingly reognized

as important means of liquidity and pro�tability improvement (Talonpoika

et al., 2016), spei�ally in terms of globalization and growing ompetition

between supply hains. At the same time, rising �nanial risk in supply

hains (SCs) stimulated management to reognize that the �nanial side

of supply hain management (SCM) is a promising area for improvements.

Nevertheless, ompanies still fous on their individual SC issues and take

their own interests into aount rather than understanding the whole SC

and ooperating with their partners (Wuttke et al., 2016). We address this

gap by developing ooperative game of working apital management aimed

at minimizing total �nanial osts assoiated with eah SC stage. The model

is veri�ed on the grounds of the ombination of game-theoretial modeling

and ase study of Russian ollaborative SC. The suggested model analyses

working apital management proess for 3-stage supply network. The fo-

al network is a distributive supply network onsisting of N suppliers, one

distributor and M retailers onneted through material, information and �-

nanial �ows. The members of the network an form oalitions with the

distributor. Eah member's working apital position is onstrained by liq-

uidity and pro�tability requirements. As suh, they fae the need to ontrol

and manage �nanial osts assoiated with eah stage. We onstrut oop-

erative working apital ost game. For this ooperative game we investigate

Shapley value as an optimal imputation. Theoretial results are illustrated

with the numeri example of a real-life supply network from ICT industry.

The investigated model provides �nanial illustration for the motivation of

SC partners to ooperate in order to simultaneously ahieve target levels of

working apital investments and improve individual �nanial performane

through ollaborative ations.

Keywords: Working Capital Management, Supply Chain Finane, Coop-

erative Game, Cost Imputation, Nondominant Cost Imputation.

1. Introdution

Supply hains omprise a wide range of ativities among various organizations, what

indue hallenges for e�etive ollaboration among the partiipants. From sienti�

perspetive, ollaboration is a meta-onept, whih might be interpreted di�erently.

Overall all approahes to supply hain ollaboration might be divided into two main

groups: one fouses on proess and another fouses on relationships. The former is

based on e�orts to oordinate supply hain ativities in order to ahieve required
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goals, while the latter implies to oordinate intangibles suh as trust, responsibility

and ooperation. For the purposes of our study we exploit the �rst approah.

If ustomers and suppliers, being signi�ant ooperation agents, aim to ahieve

high levels of performane, they have to omprehend ways of o-reating value and

sharing bene�ts among partners. It means they have to �nd satisfatory levels of

e�etiveness and e�ieny of the relationships with their partners (Selnes and Sal-

lis, 2003). E�etiveness implies development of new produts and enhaning quality

of the existing ones thereby intensifying ompetitiveness. E�ieny onerns op-

timization of osts, in-time deliveries and shortening lead times. However, these

riteria are ahievable only on the grounds of onsistent improvement of relation-

ships with eah partner, or, simply put, ollaborating parties are striving to provide

more valuable produt than it is possible individually.

Besides, �for an e�etive supply hain system, the management of upstream �ow

of money is as important as the management of downstream �ow of goods�(Gupta

and Dutta, 2011). From this perspetive, working apital management (WCM) as

an essential element of �nanial supply hain management (FSCM) has gained a lot

of attention (Deloof, 2003; Gar��a-Teruel and Mart��nez-Solano, 2007; Johnson and

Templar, 2011; Viskari et al., 2011; Viskari and Karri, 2012a; Matya, 2015) due to

the fat that it is a way to aelerate the yle time of working apital (WC) and

inrease the pro�tability of the ompany in response to �nanial volatility in the

business environment, e.g. the enated Basel II, restraining external �naning from

banks.

Consequently, the demand for apital from within the SC, e.g. from ompanies

diretly involved in supply hain �nane (SCF) shemes or ating as �nanial servie

providers (FSPs) has inreased (Gelsomino et al., 2016; Hofmann and Kotzab, 2010;

Kouvelis and Zhao, 2017; Song et al., 2018; Protopappa-Sieke and Seifert, 2017;

Talonpoika et al., 2016; Xu et al., 2018). For this reason, the importane of e�etive

WCM has raised dramatially, espeially for SCs from emerging markets, whih

faed di�ulties with aess to apital, limited �nanial infrastruture and legal,

regulatory and aounting unertainties in the �rst plae.

The oordinating mehanisms of WCM and SCF in SCs have reeived little at-

tention beause the role of �nanial oordinators (FSPs, banks, FinTeh ompanies

and other �nanial intermediaries) as ore partiipants in failitating and enabling

SCF has only reently been identi�ed in aademi literature (Silvestro and Lustrato,

2014; Songet al., 2018; Martin and Hofmann, 2017; Protopappa-Sieke and Seifert,

2017).

We address these gaps and aim to develop a methodology for SC partiipants

to ooperate with eah other and unite into oalitions, what would lead to ost op-

timization of joint working apital and fair redistribution of optimized osts among

the partiipants. As a result, we onstrut a ooperative game model providing opti-

mal levels of ash onversion yle to every business partner. This is only ahieved by

means of ollaborative ations of apital realloation along the SC under onstraints

of pro�tability-liquidity tradeo�. The model is veri�ed on Russian ollaborative SC

data. The paper begins with a review of SC ollaboration, WCM and SCF literature

leading to the researh question:

RQ: What are the ooperative solutions to the working apital ost game?

The seleted methodology aiming at responding to the researh question repre-

sents the upgrading of the approah proposed by (Hofmann and Kotzab, 2010). In
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response to the RQ, a model is developed; this is followed by numerial analysis and

disussion of the �ndings. The paper loses with a onlusion, identifying further

researh diretions.

2. Finanial ooperation in supply hains

From the strategi management point of view, one of the most hallenging ollabora-

tion perspetives is to extend the onept from ollaboration within an organization

to the level between organizations, sine they do not exist in isolation (Gadde and

Snehota, 2000; H�akansson and Snehota, 2006; Simatupang and Sridharan, 2002).

Any organization, whether a large orporation, publi body, or a small business,

aims to meet the needs of its various ustomers and stakeholders, will need re-

soures to do this, and will aquire many of its materials, equipment, failities and

supplies from other organizations. The performane of an organization is thus in�u-

ened by the ations of the organizations that make up the supply hain (Frohlih

and Westbrook, 2001; Barratt, 2004; Kim, 2009, Kira et al., 2005). Therefore, fo-

us has moved from ompetition between �rms at the same level in the prodution

proess to ompetition between supply hains, from raw materials to end ustomers

(Beamon, 1998; H�akansson and Ford, 2002). A ompany's ability to reate trust-

based and long-term business relationships with ustomers, suppliers, and other

strategi partners beomes a ruial ompetitive parameter. Though it is aepted

that external relationships in SCM are strategially important, still many ques-

tions onerning operations integration with suppliers and ustomers in SC remain

unanswered (Blome et al., 2014; Chen and Paulraj, 2004; Fairhild, 2005; Frohlih

and Westbrook, 2001; Wuttke et al., 2013). SC ollaboration is espeially impor-

tant to manage external relationships with suppliers and ustomers (Fawett and

Magnan, 2002). The empirial results indiate that SC ollaboration onsiderably

improves the ollaborative advantage (Cao and Zhang, 2011), whih in turn, has

a signi�ant positive e�et on �rms' �nanial performane (in partiular, the me-

diator role of ollaborative advantage is stronger for small �rms than medium and

large �rms (Shi and Yu, 2013). Furthermore, a lak of ollaboration may result in

poor performane of the whole SC (Gunasekaran et al., 2004), suh as: inaurate

foreasts, low apaity utilization, exessive inventory, inadequate ustomer servie,

inventory turns, inventory osts, time to market, order ful�llment response, qual-

ity, ustomer fous and ustomer satisfation (Hendriks and Singhal, 2003; Ramdas

and Spekman, 2000; Coyle et al., 2013), not to mention the perspetive representing

the �dark side� of inter-�rm ollaboration, whih haraterizes many buyer-supplier

relationships (Rokkan et al., 2003; Noordho� et al., 2011; Seggie et al., 2013).

It has been well doumented by operations management sholars and pratition-

ers, that ommuniation between business partners is the essene of organizational

life (Rokkan et al., 2003; Galaskiewiz, 2011). However, in empirial studies, re-

searhers have typially onsidered inter-organizational ommuniation as a part

of a broader onstrut or have examined the extent to whih the use of seleted

ommuniation strategies by buyer �rms enhanes supplier �rm operational per-

formane. Furthermore, the majority of researh fouses on the eonomi value for

buyers or for suppliers; few studies investigate how strategi orientations of buyers

and suppliers a�et the relative relationship performane for the individual dyad

members (Flynn et al., 2010; Paulraj et al., 2008). This being said, traditional per-

spetives that suppliers and buyers at as independent eonomi agents are being
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replaed with the understanding that these exhange partners are o-produers of

value, and thus their performanes are interlinked (Blakman et al., 2013; Flynn

et al., 2016; Malshe and Agarwal, 2015; Silvestro and Lustrato, 2014; Stevens and

Johnson, 2016; Youse� and Pishvaee, 2018). Cahon and Lariviere (2005) published

a paper analyzing the role of revenue sharing ontrats in oordinating a supply

hain. The idea is straightforward: organizations are self-serving entities maximiz-

ing individual pro�ts, but sometimes this might result in a sub-optimal overall

performane. However, a foal ompany an ontratually oordinate the ations of

other players in the supply hain in order to ahieve optimal pro�t.

With this in mind, in the next paragraph we will mainly leave out of onsider-

ation a large body of working apital and ash management literature providing,

solutions aimed at improving working apital position for a single ompany and thus

negleting the inter-organizational perspetive of the issue (e.g. Deloof et al., 2003;

Fedorova and Timofeev, 2015; Gar��a-Teruel and Mart��nez-Solano, 2007; Enqvist

et al., 2014; V�azquez et al., 2016; Chauhan and Banerjee, 2017). Instead, we will

fous on the reent papers outlining approahes to working apital management in

the ontext of ollaboration of business partners in a supply hain.

2.1. Working apital management in supply hains

Finane literature aptures �nanial �ow management as working apital manage-

ment aimed to �gure out a su�ient level of working apital, whih will permit

the ompany to ahieve its strategi and �nanial goals. From this point of view,

e�ient business management omprises ability to leverage the working apital po-

sition in a way of maintaining sustainable balane between growth, pro�tability and

liquidity.

Adequate working apital management is a paramount neessity for eah om-

pany as inonsistent proesses and operations within the supply hain, exessive

inventories, inadequate terms of loans and redits lead to higher levels of working

apital and lower levels of liquidity. If the �rst two fators are diretly onerned

with operational management of the supply hain, the last two are related to �nan-

ial management. Therefore, the goals of a working apital management are (1) to

evaluate the required level of inventory and reeivables for the stable operation of

the ompany; (2) to unlok additional liquidity; (3) to minimize apital bloked in

urrent assets.

There are two main perspetives of working apital. The �rst one de�nes it as

the ability of the ompany to over its short-term debt with urrent assets. Jones

(2006) de�nes the onept of this working apital perspetive and desribes it with

the equation:

Working capital = Current assets− Current liabilities. (1)

Aording to Jones (2006), urrent assets onsist of ash, total inventory, aounts

reeivable, seurities and ash equivalents. On the other side, urrent liabilities refer

to aounts payable, aruals, notes payable and short-term debt. A positive result

of working apital means that the amount of ash the ompany will reeive in

the next 12 months is bigger than what ompany needs to over its liabilities. A

negative result of working apital means that the ompany will not be able to over

its short-term debt (1).

Another perspetive of working apital is widely used in most of the studies

dediated to operating working apital and onsists of the total level of inventory,
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aounts reeivable (A/R) and aounts payable (A/P). Aording to Pirttil�a (2014)

the equation is following:

Working capital = Inventories+Accounts receivable−Accounts payable. (2)

The study by Talonpoika et al. (2014) inluded arued expenses (A/E) in (2) as

a separate omponent into the working apital yle (usually is a part of A/P).

Pirttil�a (2014) states that the working apital yle desribes the main parts of the

ompany's performane assoiated with �nanial �ows.

The operational approah to evaluate working apital is a time-based measure

of ash onversion yle (CCC) introdued by (Rihards and Laughlin, 1980) for

measuring and ontrolling the e�etiveness of working apital management on the

basis of relative ratios (Figure 1).

The CCC has gained a strong position as a proxy of operational working ap-

ital management in the aademi literature (Shin and Soenen, 1998; Deloof, 2003;

Huthison et al., 2007). It ignores the �nanial omponents of net working apital,

suh as ash, marketable seurities, and short-term loans, and onentrate of the

operational omponents. The CCC (3) presents the length (in days) of time a �rm

Fig. 1. Cash onversion yle

has funds tied up in working apital, starting from the payment of purhases to

the supplier and ending when remittane of sales is reeived from the ustomers. In

other words, the CCC is a merge of three sub-yles: the yle times of inventories

(DIO) as well as �nanial �ows of aounts reeivable (DRO) and aounts payable

(DPO).

CCC = DIO +DRO −DPO. (3)

CCC as working apital measure an be either negative or positive. Negative CCC

means that the ompany has a low amount of inventory and the ompany reeives
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money from its ustomers before it has to pay its A/R. In other words, in a negative

CCC senario, a ompany reeives its A/R before it should pay A/P.

A large number of researhers believe that the lower CCC is the better a ompany

an manage it yles e�iently, although a too low CCC an ause problems with

eah omponent of the CCC (Cherkasova and Chadin, 2015; Garanina and Petrova,

2015; Volkov and Nikulin, 2012).

As suh, DIO shows that the relationship between the level of inventory within

a �rm and the �rm �nanial results is nor trivial. Inventory is a temporary physial

asset, whih a �rm must possess to maintain its ongoing servie of the ustomers.

Therefore, managers have to leverage this metri not harming ustomer experiene.

Nonetheless, exessive levels of inventory keep the invested money tied up and might

result in inreased osts, for instane, warehousing or serviing the goods, but on

the other hand appropriate redutions in inventory lead to loose ash and re-invest

it in other aspets. Further, alteration of levels of inventory might have a bullwhip

onsequene e�eting the upstream supply hain partiipants. leveraging inventory

may either improve �nanial result or harass the overall performane of a ompany

and a hain. Nonetheless there is onsiderable number of empirial test, whih show

that in general a shorter DIO orrelates with a higher liquidity and superior �nan-

ial results (Al-Shubiri and Aburumman, 2013). Besides, there are empirial results

presenting negative orrelation of high levels of inventory with �rmâ��s operational

and strategial output. Vendor Managed Inventory (VMI), replenishment systems,

Lean/Just-In-Time management programs are examples of the methods, whih al-

low to lower inventory levels avoiding the risk of out of stok situations. These

tehniques and frameworks via inreasing produtivity of information hannels in

the hain help to redue exessive inventory (Chen and Paulraj, 2004).

DRO implies that ash reeived from the ustomers in a known period might

enhane liquidity. This ash in�ow might be re-invested in ativities, whih in their

term might inrease the sales volume. Thereafter, the less DRO, the higher hanes

that �rm will re-invest the money. Moreover, there are onsiderable empirial evi-

denes, whih show the situation when a ertain ompany spreads DRO via rediting

sales, leads to a higher risk of not olleting the payments. Aording to these stud-

ies, it is supposed that a lower DRO positively orrelates with a better �nanial

results for a �rm (Randall and Farris, 2009). Often dereased DRO is pereived as

an unfavorable ation for the ustomer, however, ompanies an smooth it via, for

instane, disounts for paying in advane, thereby ahieving lower DRO without

straining the relationships with the ustomers.

DPO has as well ontraditory relation with �nanial results. Delaying the pay-

ment to suppliers will obviously allow to keep the ash for longer period of time

and thereby improve the liquidity. Nonetheless, when a ompany experiments with

delaying the payments it might diretly damage the relationships with its suppli-

ers, moreover the whole supply hain in the long term might be damaged beause

suppliers laking ash. Another negative ollateral e�et of suh experiments are

deteriorated level of servie from suppliers due to the need of ash.

Considering the problem of identifying the CCC optimal value, there arises the

issue of ahieving target rates of return and, at the same time, maintaining the

neessary level of liquidity (Garanina and Belova, 2015; Talonpoika et al., 2016;

Yazdanfar and

�

Ohman, 2014). In reent years the number of studies devoted to

this issue has boomed, though the results are ontroversial and inomparable due
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to a number of reasons with researh method seletion among them (ase studies

(Farris and Huthison, 2002; Randall and Farris, 2009); regression analysis of an-

nual �nanial statements (Deloof, 2003; Garanina and Petrova, 2015; Garia-Teruel

and Martinez-Solano, 2007; Kroes and Manikas, 2014); optimization modeling (Hof-

mann, Kotzab, 2010; Gelsomino et al., 2018; Margolis et al., 2018; Yan et al., 2018).

As far as it goes, there are mixed evidenes on the inverse relation between CCC

and its omponents and pro�tability (Deloof, 2003; Garia-Teruel and Martinez-

Solano, 2007; Lazaridis and Tryfonidis, 2006; Randall and Farris, 2009; Shin and

Soenen, 1998) as well as diret relation between CCC and its omponents and

liquidity (Filbek and Krueger, 2005). However, the onvition is the following: an

inrease of CCC will redue risk and pro�tability on the one hand and will improve

liquidity on the other.

Clearly, eah ompany pursuing its target levels of liquidity and pro�tability

implements a set of working apital poliies (Kroes and Manikas, 2014) usually re-

ferred to as onservative, moderate or aggressive. The aggressive working apital

poliy implies estimation of urrent assets at the lowest possible level resulting in

lower working apital requirements and higher risks. Conservative poliy, on the

ontrary, is aimed at avoiding the maximum possible risks and guarantees smooth

operations of the ompany, though the higher level of urrent assets leads to lower

pro�tability. Moderate poliy is assumed to be a trade-o� between the aggressive

and onservative poliies providing reasonable aordane in pro�tability and liq-

uidity.

In line with this lassi�ation, the ontribution by (Talonpoika et al., 2016)

suggests the theoretial typology of various �nanial working apital management

strategies fousing on maximization or minimization of CCC omponents aiming to

improve the �nanial working apital. Authors laim these strategies are to be pur-

sued during the eonomi downturn, whih make them possible to apply for ompa-

nies from emerging markets, as they faed di�ulties with aess to apital, limited

�nanial infrastruture and legal, regulatory and aounting unertainties well be-

fore spreading volatility in the business environment as well as the enated Basel II

restrained getting �naning from banks and in turn inreased demand for apital

from within the SC (Hofmann and Kotzab, 2010; Song et al., 2018; Protopappa-

Sieke and Seifert, 2017; Talonpoika et al., 2016; Volkov and Nikulin, 2012). For

this reasons, the pratitioners' interest to e�etive WCM on inter-organizational

level has inreased dramatially, whih resulted in a wave of publiations (Martto-

nen et al., 2013; Protopappa-Sieke and Seifert, 2010; Protopappa-Sieke and Seifert,

2017; Pirttil�a et al., 2014; Talonpoika at al., 2014; Talonpoika et al., 2016; Viskari

et al., 2011; Viskari and K�arri, 2012a; Viskari et al., 2012b; Viskari et al., 2012;

Yl�a-Kujala et al., 2016).

Motivation behind these researh, besides the mentioned post-risis hallenges is

the idea, that �nane researh on WCM has been fousing on ompany pro�tability

instead of supply hain ontribution, onsequently, ompanies seek to optimize their

individual performane; however, none of its elements an be truly managed by a

ompany individually, but only in ollaboration with business partners. It is impor-

tant to note that individual �nanial performane optimization is to be onsidered

in terms of a more holisti approah taking into aount eah partiipant's interests

as well as the abilities to ollaborate, or, in other words, supply hain orientation

of a ompany.
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With this onsideration in mind, an initial assumption for optimization is, fol-

lowing Cahon and Lariviere (2005), ollaboration of supply hain partners already

motivated to maximize total pro�t of the hain. Alternatively, this motivation an

be reformulated in terms of total �nanial osts minimization, and spei�ally �-

nanial osts assoiated with WCM.

2.2. Collaborative working apital management in supply hains

For the purposes of our study we onsider a ollaborative distributive three-stage

supply network omprising three sets -K1 suppliers,K2 distributor andK3 retailers

at �rst, seond and third stages respetively (see Figure 2). Initially ollaborative

Fig. 2. Collaborative supply hain.

ash onversion yle (CCCC) was onsidered as the onise onsequene of an

attempt to redue CCC by solely one ompany (Figure 3), however leveraging CCC

has an impat on all partiipants of the supply hain [Hofmann and Kotzab, 2010℄.

The researh was onduted from the perspetive that improving ash onversion

yle only within organization not onsidering other stakeholders might lead to the

on�it of interests. In addition, the authors inluded in the researh the aspets of

joint risks and redistribution of osts along the hain among partners inurred by

delay payments and exessive inventories.

Collaborative ash onversion yle possesses the same bene�ts as CCC, how-

ever onsiders the whole supply hain thereby providing more preise estimation

of working apital at part step of the hain. There are several limitations of the

CCCC framework: operating with distint suppliers and ustomers might ause in-

ternal ompetition and unwillingness to share information. In order to overome

this boundaries, it is advised to start the evaluation of CCCC from the pivotal �rm

and further extend it to the suppliers and ustomers.

There are two main purposes of CCCC: the �rst is to ut down overall osts of

joint working apital and derease ollaborative ash onversion yle. At the same

time, the purpose is to minimize joint osts without violating onstraints for eah

partiipant of the ollaboration and global onstraints for the whole hain. Further

this paper onsiders osts minimization of a ollaborative supply hain with the

outlined on Figure 2 struture.
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Fig. 3. Collaborative ash onversion yle.

We denote K1 = {(1, 1), ..., (1, k1)}, K2 = {(2, 1)} and K3 = {(3, 1), ..., (3, k3)}
as sets of suppliers, distributor and retailers in the hain respetively (Figure 2).

For simpliity we introdue pair (i, j) ∈ K, where K = K1 ∪K2 ∪ K3 as a set of

players, the former index presents the stage of the hain a partiipant belongs to:

the suppliers (i = 1), the distributor (i = 2) or the retailers (i = 3). The latter

index spei�es the exat player belonging to the stage in question. As suh, a pair

(i, j) ∈ K implies the partiipant (i, j) of the hain, for instane, the pair (1, 1)
implies the �rst supplier (S11).

Further we denote DIOij = xij , DROij = yij and DPOij = zij and onse-

quently INVij = aijxij , ARij = bijyij and APij = cijzij . Therefore the estimation

of working apital �nanial osts for (i, j) partiipant of the hain (Viskari and

K�arri, 2013) will take the following form:

FCij(xij , yij , zij) = aijxij

[

(1 + rij)
xij

365 − 1

]

+bijyij

[

(1 + rij)
yij

365 − 1

]

−

−cijzij

[

(1+rij)
zij
365 − 1

]

.

(4)

First of all, eah partiipant has individual ash onversion yle boundaries:

CCCij ≤ xij + yij − zij ≤ CCCij . (5)

Moreover, several onstrains arise from the outlined struture of the network

(Figure 2) and the de�nition of ollaborative onversion yle. The suppliers are

not able to leverage the days payable outstanding and the retailers are not able to

leverage their days reeivables outstanding:

z1i = z01i, i = 1, ...k1;

y3j = y03j, j = 1, ...k3.
(6)

The next onstraint refer to days of aounts reeivable of the distributor as the

sum of days of aounts payable of the retailers:

y21 =

k3
∑

j=1

z3j . (7)
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The same approah is applied to days of aounts payable of the distributor: we

set it as the sum of days of aounts reeivable of the suppliers:

z21 =

k1
∑

j=1

y1j . (8)

Further, there is an important reommendation on non-negativity and ontinuity

of the CCCC elements (Figueira et al., 2005):

xij ≥ 0, yij ≥ 0, zij ≥ 0, (i, j) ∈ K. (9)

We de�ne the joint �nanial osts of the supply hain as a sum of �nanial osts

of all supply hain partiipants:

FC(..., xij , yij , zij , ...) =

=

k1
∑

i=1

FC1i(x1i, y1i, z1i) + FC21(x21, y21, z21) +

k3
∑

j=1

FC3j(x3j , y3j , z3j).
(10)

As the result we aim to solve a minimization problem with the objetive funtion

(10) and the set of the onstrains (4) − (9). The outlined problem omprises the

CCCC on�guration for the ase when players form a maximum oalition K.

Previously it was inferred that the partiipants of the supply hain are motivated

to ooperate with eah other and ollaborate in order to redue the ollaborative

ash onversion yle and the ost of the joint working apital of the whole supply

hain. However, having ahieved positive result of dereasing total �nanial osts

and optimizing the length of CCCC, the partiipants of the oalition fae the next

issue. Sine the solution of the ost minimization issue is a vetor omprising of

new individual CCC omponents (..., x∗

ij , y
∗

ij z
∗

ij , ...) it is not �xed that the next

ondition is ful�lled:

FC(..., x∗

ij , y
∗

ij , z
∗

ij , ...) ≤ FC(..., x0
ij , y

0
ij , z

0
i , ...), (i, j) ∈ K

(11)

where x0
ij , y

0
ij , z

0
ij � parameters of the partiipant (i, j) before optimization, and

x∗

ij , y
∗

ij , z
∗

ij � parameters of the partiipant (i, j) after optimization.

In other words, there might be a situation, when working apital osts of a

ertain partiipant have inreased after optimization. Therefore, it is not bene�ial

for him to partiipate in suh a oalition. If there are no further ations in the

oalition regarding this issue, this partiipant being individually rational will leave

the oalition thereby a�eting all the partiipants of the hain. This issue of ost

distribution poliy is still to be solved.

3. Cooperative working apital ost game

3.1. Charateristi ost funtion

In our study the harateristi funtion of a game with a multitude of players N

is the real funtion de�ned on all possible oalitions S ⊆ K, and for any pair of

non-overlapping oalitions T , S (T ⊂ K, S ⊂ K) the sub-additivity ondition is

satis�ed [Kunter, 2012; Leng and Parlar, 2009℄:

υ(T ) + υ(S) ≥ υ(T ∪ S), υ(∅) = 0. (12)
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The inequality (12) implies that the opportunities of the joint oalition are not

worse ompared to two non-overlapping oalitions ating independently of eah

other. Therefore, the partiipant of the game is motivated to unite into the maxi-

mum oalition K.

From the perspetive of this paper and problem stated harateristi ost fun-

tion υ(S), S ⊂ K has the next form:

υ(S) = min
xij,yij ,zij , (i,j)∈S

max
xij ,yij,zij , (i,j)/∈S

FCS(..., xij , yij , zij , ...), (13)

where S ⊂ K, FCS(..., xij , yij , zij , ...) =
∑

(i,j)∈S

FCij(xij , yij , zij).

If we de�ne υ(S) as in (13), the sub-addivity ondition (12) is satis�ed meaning

that the partiipant of two di�erent and not overlapping oalitions has opportunities

to redue their osts further via uniting in a larger oalition.

The vetor α = (..., αij , ...) satisfying the following onditions (Petrosyan and

Zenkevih, 2016):

αij ≤ υ(i, j), (i, j) ∈ K, (14)

∑

(i,j)∈K

αij = υ(K), (15)

where υ(i, j) � is the value of the harateristi funtion for one element oali-

tion S = {(i, j)} and αij is an imputation. The multitude of all imputations in

ooperative game G = 〈K, υ〉 is further marked as I(G).
The ondition (14) is individual rationality ondition implying that eah parti-

ipant of the oalition obtains at least the same value playing individually and not

joining the oalition and not having support from any other players. The ondition

(15) is olletive rationality ondition implying that there is no other imputation

vetor, aording to whih a player will obtain more value or the players are dividing

not existing gain and suh imputation is not feasible.

Further the imputation ϕ[υ] = (..., ϕij [υ], ...) is assigned as a ooperative solution

of the ooperative game G = 〈K, υ〉, the omponents of whih will be interpreted

as winnings reeived by players as a result of an agreement or deision of an arbiter.

Further in order to solve the issues of optimization and osts redistribution

for the many-one-many supply hain struture it is neessary to list eah possible

oalition and build the harateristi funtion of eah one. In the given struture

(Figure 2) there are eight possible substrutures of united partiipants: oalition

of the distributor, oalition of a set of suppliers, oalition of a set of retailers,

oalition of a set of suppliers and the distributor, oalition of a set of retailers and

the distributor, oalition of a set of suppliers and a set of retailers, oalition of a

set of suppliers, the distributor and a set of retailers, oalition of all partiipant

in the hain. The next setions are dediated to the proess of onstruting the

harateristi funtion for eah situation.

Value of harateristi funtion for the distributor oalition. Let us ex-

amine the oalition onsisting only of the distributor, the rest of the players (the

suppliers and the retailers) are playing against him trying to maximize the ost of
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the working apital of the distributor. Therefore the value υ(2, 1) of the harater-

isti funtion will have the following form:

υ(2, 1) = min
x21

max
y21,z21

FC21(x21, y21, z21). (16)

The �nanial ost funtion has the form:

FC21(x21, y21, z21) = a21x21

[

(1 + r21)
x21

365 − 1

]

+b21y21

[

(1 + r21)
y21
365 − 1

]

−

−c21z21

[

(1+r21)
z21
365 − 1

]

.

(17)

The suppliers and retailers have an ability to in�uene both DRO21 and DPO21

of the distributor aording to the equations (7) and (8). In order to maximize the

harateristi funtion the ounterparts have to minimize z21 and maximize y21,

moreover the distributor has the ash onversion yle onstraints:

z21 → min;

y21 → max;

CCC21 ≤ x21 + y21 + z21 ≤ CCC21.

The minimum of z21 is 0 aording to ondition (9), while the maximizing value

of y21 is:

y21 = CCC21 − x21. (18)

Therefore, in order to build the harateristi funtion the next step is to mini-

mize the ost in the next form:

FC21(x21, y21, z21) = a21x21

[

(1 + r21)
x21

365 − 1

]

+ b21(CCC21−

− x2)

[

(1 + r2)
CCC21−x21

365 − 1

]

−−c21z21

[

(1 + r21)
z21
365 − 1

]

→ min
x21

. (19)

Value of harateristi funtion for a set of suppliers oalition. As a further

step we onsider the suppliers oalition S ⊂ K1 with the rest of the players ating

against the the oalition trying to maximize the ost of the working apital of the

oalition in question. In this ase υ(S) will have the following form:

υ(S) = min
x1j ,y1j

max
y1j

∑

(1,j)∈S

FC1j(x1j , y1j, z1j). (20)

Where the �nanial ost funtion FCS has the form:

FCS =
∑

(1,j)∈S

FC1j(x1j , y1j , z1j) =
∑

(1,j)∈S

a1jx1j

[

(1 + r1j)
x1j

365 − 1

]

+

∑

(1,j)∈S

b1jy1j

[

(1 + r1j)
y1j

365 − 1

]

−
∑

(1,j)∈S

c1jz
0
1j

[

(1+r1j)
z0
1j

365 − 1

]

.

(21)
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The players exterior to the oalition have an ability to in�uene days reeivable

outstanding (

∑

(1,j)∈S

y1j) of the oalition group via delaying payments aording to

the equation (8). In order to maximize the harateristi funtion the ounterparts

have to maximize

∑

(1,j)∈S

y1j), moreover the oalition has the ash onversion yle

onstraints and onstraints for eah partiipant.

CCC1j ≤ x1j + y1j − z01j ≤ CCC1j , (1, j) ∈ K1

Therefore the maximum values the ounterparts an ahieve follow the next rule:

∑

(1,j)∈S

y1j =
∑

(1,j)∈S

CCC1j −
∑

(1,j)∈S

x1j +
∑

(1,j)∈S

z01j. (22)

Therefore the oalition an minimize its ost funtion (21) via leveraging its y1j
along the onstrain (22) and managing its set of x1j as well.

Value of harateristi funtion for a set of retailers oalition. The further

oalition represents a group of retailers S ⊂ K3 with the rest of the players perform-

ing against it trying to maximize the ost of the working apital of the oalition.

Therefore the harateristi funtion will have the following form:

υ(S) = min
x3l,z3l

max
z3l

∑

(3,l)∈S

FC3l(x3l, y3l, z3l). (23)

Where the �nanial ost funtion has the form:

FCS =
∑

(3,l)∈S

FC3l(x3l, y3l, z3l) =
∑

(3,l)∈S

a3lx3l

[

(1 + r3l)
x
3l

365 − 1

]

+

∑

(3,l)∈S

b3ly
0
3l

[

(1 + r3l)
y0
3l

365 − 1

]

−
∑

(3,l)∈S

c3lz3l

[

(1+r3l)
z
3l

365 − 1

]

.

(24)

The ounterparts of the oalition have an ability to in�uene days payable out-

standing

∑

(3,l)∈S

z3l of the oalition group via shortening payments period aording

to the equation (8). In order to maximize the harateristi funtion the ounter-

parts have to minimize

∑

(3,l)∈S

z3l, moreover the oalition has the ash onversion

yle onstraints and onstrains on eah partiipant:

CCC3l ≤ x3l + y03l − z3l ≤ CCC3l, (3, l) ∈ S

Therefore the maximum values the ounterparts an ahieve omply with the

next rule:

∑

(3,l)∈S

z3l = 0. (25)

Further the oalition an minimize its ost funtion (24) via leveraging its z3l
along the onstraint (25) and managing its set of x3l keeping in mind the limitations

on ash onversion yle.
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Value of harateristi funtion for a set of suppliers and distributor

oalition. We onsider the oalition omprising a group of suppliers (U ⊂ K1)

and the distributor while the rest K1 \ U suppliers and all the retailers K3 are

playing against it trying to maximize the ost of the working apital of the oalition.

Therefore the value of harateristi funtion for the oalition S = U ∪K2 will have

the following form:

υ(S) = υ(U ∪K2) =

= min
x1j ,y1j ,z21

max
y21

(

∑

(1,j)∈U

FC1j(x1j , y1j, z1j) + FC21(x21, y21, z21)

)

. (26)

Where the �nanial ost funtion has the form:

∑

(1,j)∈U

FC1j(x1j , y1j , z1j) + FC21(x21, y21, z21) =

=
∑

(1,j)∈U

a1jx1j

[

(1 + r1j)
x1j
365 − 1

]

+
∑

(1,j)∈U

b1jy1j

[

(1 + r1j)
y1j
365 − 1

]

−

−
∑

(1,j)∈U

c1jz1j

[

(1 + r1j)
z1j
365 − 1

]

+ a21x21

[

(1 + r21)
x21

365 − 1

]

+

+ b21y21

[

(1 + r21)
y21
365 − 1

]

− c21z21

[

(1 + r21)
z21
365 − 1

]

. (27)

The oalition opponents have power to in�uene days payable outstanding and

days reeivable outstanding of the oalition group via shortening payments period

of the distributor and delaying payments to the distributor. In order to maximize

the harateristi funtion the opponents have to maximize y21 and minimize z21,

in addition the oalition has the oalition has the ash onversion yle onstraints

and onstrains on eah partiipant.

CCC1j ≤ x1j + y1j − z01j ≤ CCC1j , (1, j) ∈ U, (28)

CCC21 ≤ x21 + y021 − z21 ≤ CCC21, (2, 1) = K2. (29)

The minimum of z21 aording to the ondition (9) and the struture of the

oalition is:

z21 =
∑

(1,j)∈U

y1j.

While the maximizing value of y21 is:

y21 = CCC21 − x21 +
∑

(1,j)∈U

y1j .

Further the oalition an minimize its ost funtion (27) via leveraging its

∑

(1,j)∈U

y1j and operating its set of x21, x1j , (1, j) ∈ U aknowledging the ash

onversion yle boundaries.
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Value of harateristi funtion for a set of retailers and the distributor

oalition. Next we onsider the oalition V onsisting of a group of retailers (V ⊂
K3) and the distributor, while the rest K3 \ V retailers and all the suppliers are

playing against it trying to maximize the ost of the working apital of the oalition.

Therefore the value of harateristi funtion for the oalition S = V ∪K2 will have

the following form:

υ(S) = υ(V ∪K2) =

= min
xij ,z21,y3l

max
y21

(

FC21(x21, y21, z21) +
∑

(3,l)∈V

FC3l(x3l, y3l, z3l)

)

. (30)

Where the �nanial ost funtion has the form:

FCS = FC21(x21, y21, z21) +
∑

(3,l)∈V

FC3l(x3l, y3l, z3l) =

= a21x21

[

(1 + r21)
x21

365 − 1

]

+ b21y21

[

(1 + r21)
y21
365 − 1

]

−

− c21z21

[

(1 + r21)
z21
365 − 1

]

+
∑

(3,l)∈V

a3lx3l

[

(1 + r3l)
x3l

365 − 1

]

+

+
∑

(3,l)∈V

b3ly
0
3l

[

(1 + r3l)
y0
3l

365 − 1

]

−
∑

(3,l)∈V

c3lz3l

[

(1 + r3l)
z
3l

365 − 1

]

. (31)

The opponents attempting to maximize (31) have an impat on days payable

outstanding and days reeivable outstanding of the oalition group via shortening

payments period of the distributor and delaying payments to the distributor. In

order to maximize the harateristi funtion the opponents have to maximize y21
and minimize z21, in addition the oalition has the ash onversion yle onstraints

and onstrains on eah partiipant:

CCC3l ≤ x3l + y03l − z3l ≤ CCC3l, (3, l) ∈ V (32)

CCC21 ≤ x21 + y21 − z21 ≤ CCC21. (33)

Therefore the maximum values the ounterparts an ahieve omply with the

rule:

z21 =
∑

(1,j)∈K1

y1j = 0. (34)

While the maximizing value of y21 is:

y21 = CCC21 − x21.

Further the oalition an minimize its ost funtion (31) via leveraging its

∑

(3,l)∈V

z3l and manipulating its set of x21, x3l, (3, l) ∈ V taking into onsideration

the ash onversion yle boundaries.
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Value of harateristi funtion for a set of suppliers and a set of retailers

oalition. The further oalition represents a group of suppliers U (U ⊂ K1) and

a group of retailers V (V ⊂ K3). The rest of the K1 \ U suppliers, the distributor

and the K3 \ V retailers are playing against it trying to maximize the ost of the

working apital of the oalition. Therefore the value of the harateristi funtion

for the oalition S = U ∪ V will have the following form:

υ(S) = υ(U ∪ V ) =

= min
x1j ,y1j ,x3l,z3l

max
y1j ,z3l

(

∑

(1,j)∈U

FC1j(x1j , y1j , z1j) +
∑

(3,l)∈V

FC3l(x3l, y3l, z3l)

)

.

(35)

Where the �nanial ost funtion has the form:

FCS =
∑

(1,j)∈U

FC1j(x1j , y1j , z1j) +
∑

(3,l)∈V

FC3l(x3l, y3l, z3l) =

=
∑

(1,j)∈U

a1jx1j

[

(1 + r1j)
x1j

365 − 1

]

+
∑

(1,j)∈U

b1jy1j

[

(1 + r1j)
y1j

365 − 1

]

−

−
∑

(1,j)∈U

c1jz
0
1j

[

(1 + r1j)
z0
1j

365 − 1

]

+
∑

(3,l)∈V

a3lx3l

[

(1 + r3l)
x3l

365 − 1

]

+

+
∑

(3,l)∈V

b3ly3l

[

(1 + r3l)
y3l0

365 − 1

]

−
∑

(3,l)∈V

c3lz
0
3l

[

(1+r3l)
z
3l

365 − 1

]

.

(36)

The opponents have power to in�uene days payable outstanding and days re-

eivable outstanding of the oalition group via shortening payments period of the

retailers and delaying payments to the suppliers. In order to maximize the hara-

teristi funtion the opponents have to maximize y21 and minimize z21, in addition

the oalition has the ash onversion yle onstraints and onstrains on eah par-

tiipant:

CCC1j ≤ x1j + y1j − z01j ≤ CCC1j , (1, j) ∈ U, (37)

CCC3l ≤ x3l + y03l − z3l ≤ CCC3l, (3, l) ∈ V. (38)

Therefore the maximum values the ounterparts an ahieve follow the next

rules:

∑

(1,j)∈U

y1j =
∑

(1,j)∈U

CCC1j −
∑

(1,j)∈U

x1j +
∑

(1,j)∈U

z01j; (39)

∑

(3,l)∈V

z3l = 0. (40)

Further the oalition an minimize its ost funtion (35) via leveraging its

∑

(1,j)∈U

y1j and operating its set of x1j , x3l, (1, j) ∈ U and (3, l) ∈ V keeping in

mind the ash onversion yle boundaries.
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In general this oalition struture represents a ombined form of two previous

strutures: a set of retails and suppliers, therefore the proesses of building hara-

teristi funtion are just ombines as well.

Value of harateristi funtion for a set of suppliers, the distributor and

a set of retailers oalition. This oalition is the most ompliated and omprises

a group of suppliers U , the distributor K2 and a group of retailers V , while the rest

K1 \U suppliers and K3 \ V retailers are playing against it trying to maximize the

ost of the working apital of the oalition. Therefore the harateristi funtion of

oalition S = U ∪K2 ∪ V will have the following form:

υ(S) = υ(U ∪K2 ∪ V ) =

min
xij ,yij ,zij

max
xij ,yij,zij

(
∑

(1,j)∈U

FC1j(x1j , y1j , z1j)+

+ FC21(x21, y21, z21) +
∑

(3,l)∈V

FC3l(x3l, y3l, z3l)). (41)

Where the �nanial ost funtion has the form:

∑

(1,j)∈U

FC1j(x1j , y1j, z1j) + FC21(x21, y21, z21) +
∑

(3,l)∈V

FC3l(x3l, y3l, z3l) =

=
∑

(1,j)∈U

a1jx1j

[

(1 + r1j)
x1j
365 − 1

]

+
∑

(1,j)∈U

b1jy1j

[

(1 + r1j)
y1j
365 − 1

]

−

−
∑

(1,j)∈U

c1jz1j

[

(1 + r1j)
z1j
365 − 1

]

+

+ a21x2

[

(1 + r21)
x21

365 − 1

]

+ b21y21

[

(1 + r21)
y21
365 − 1

]

− c21z21

[

(1 + r21)
z21
365 − 1

]

+

+
∑

(3,l)∈V

a3lx3l

[

(1 + r3l)
x
3l

365 − 1

]

+
∑

(3,l)∈V

b3ly3l

[

(1 + r3l)
y
3l

365 − 1

]

−

−
∑

(3,l)∈V

c3lz3l

[

(1 + r3l)
z
3l

365 − 1

]

. (42)

The oalition opponents have power to in�uene days payable outstanding and

days reeivable outstanding of the oalition group via shortening payments period

of the distributor and delaying payments to the distributor. In order to maximize

the harateristi funtion the opponents have to maximize y21 and minimize z21,

in addition the oalition has the oalition has the ash onversion yle onstraints

and onstrains on eah partiipant:

CCC1j ≤ x1j + y1j − z01j ≤ CCC1j , (1, j) ∈ U, (43)

CCC21 ≤ x21 + y21 − z21 ≤ CCC21; (44)

CCC3l ≤ x3l + y03l − z3l ≤ CCC3l, (3, l) ∈ V. (45)
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Therefore the maximum values the ounterparts an ahieve omply with the

following rule:

z21 =
∑

(1,j)∈U

y1j;

y21 = CCC21 − x21 +
∑

(1,j)∈U

y1j .

Further the oalition an minimize its ost funtion (41) via leveraging its

∑

(1,j)∈U

y1j ,
∑

(3,l)∈V

z3l and manipulating its set of x1j ∈ U , x21 and x3l ∈ V keeping

in mind the ash onversion yle boundaries.

Value of harateristi funtion for grand oalition. The last oalition K

onsists of all partiipants in the supply hain. Sine all partners have a ommon

goal, the only step to build the harateristi funtion is to minimize the ost fun-

tion of joint working apital.

υ(K) = υ(K1,K2,K3) = min
xij ,yij ,zij

(
∑

(1,i)∈K1

FC1i + FC21 +
∑

(3,j)∈K3

FC3j). (46)

After this stage having exploited the possible strutures of the hain, the goal

is to build the Shapley value of the game and hek whether it belongs to C-ore.

It will be the solution of the osts redistribution problem.

3.2. Shapley value and C-ore

Let ϕ : {〈(N, υ)〉} → Rn
� funtion omplying to eah game G = 〈N, υ〉 the

imputation ϕ[υ] = (ϕ1[υ], . . . , ϕn[υ]), whih satis�es the Shapley's axioms . This

vetor ϕ[υ] = (ϕ1[υ], . . . , ϕn[υ]) is named Shapley value of the game G = 〈N, υ〉
[Shapley, 1953℄.

In arbitrary game G = 〈N, υ〉 exists unique Shapley value. The omponents of

Shapley value are alulated aording to the following formula [Shapley, 1953℄:

ϕi[υ] =
∑

{S|i∈S⊂N}

(s− 1)!(n− s)!

n!
[υ(S)− υ(S \ i)], for ∀i ∈ N, (47)

where s is the number of players in oalition S.

Shapley value has the next impliations. it is assumed that the players have

oordinated to meet up in a ertain plae in order to ondut the negotiations

of redistribution the gain from the maximum possible oalition. Naturally due to

some random delay eah of them arrives at di�erent time. it is assumed hat eah

sequene of arriving players has the same probability and if the player i arriving

�nd the others in the oalition S \ i, then the player i reeives the gain equivalent

υ(S) − υ(S \ i). In other words the gain of the player i is the value added by this

player to the maximum guaranteed gain of the oalition. Shapley value provides a

mathematial solution of the ost distribution problem. The values of the vetor

orrespond to the ost eah player should bear after the optimization.

The theory and onepts above allow to introdue a methodology whih purpose

to provide a solid solution of the osts redistribution after the optimization. The

algorithm inludes the further steps:
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1. De�ne the partiipant of the supply hain;

2. De�ne all the possible oalitions within the supply hain;

3. Introdue the working apital ost funtion;

4. Build the harateristi funtion for eah oalition;

(a) Implement the maximizing onstraints on the oalition;

(b) Minimize the ost funtion of the oalition;

5. Build the Shapley value of the game;

6. Test Shapley value for belonging to C-ore.

4. Numerial example.

The ase study represents the numerial optimization in information and ommuni-

ations tehnology industry (ICT). This hoie is justi�ed by several reasons. First

of all this industry possesses deeply integrated struture, rapidly implements new

tehnologies (Pirttil�a et al., 2014), Moreover, being servie oriented, the industry

has wide range of the ustomers. In addition, there is an obvious absene of thorough

attention to the ICT supply hain in the sienti� literature (Lind et al., 2012).

Figure 4. depits a �nanial supply hain of Russian provider of teleommunia-

tion servies. Aording to the hain struture onsidered in the paper, the ompany

plays a role of the distributorD21. The foal ompany provides a wide range of prod-

uts and servies: long-distane and mobile telephony servies, data transmission,

television. The strategy of the ompany is to ahieve a shift towards being a provider

of ompletely integrated servies via enhaning tehnologial aspets. Aording to

this goal the ompany invests substantial amounts of money into modernization of

operational software, for instane, one of the diretion is prourement optimization

programs. Therefore the �rm is highly motivated to ooperate with the other par-

tiipants avoiding any disrimination of both either small or medium partiipants.

Fig. 4. Finanial �ows of the ICT hain.

The system integrator S11 (Figure 4.) is a large player on the domesti market as

well operating in Europe. The business of the integrator is primarily onentrated on

development of ICT infrastruture: energy appliane, information hubs, engineering

solutions for industries. The �rm is the major supplier of the teleommuniation

servies provider highly involved in its prourement.

Mobile phone ompany R31 (Figure 4.) being deeply integrated with the provider

of teleommuniation servies sells servies suh as mobile internet, mobile teleom-

muniations aross Russia. It business has the model of providing superior produts

at a�ordable prie. This approah along with high demand on the produts al-

lows the �rm to perform better in terms of growing the number of the subsribers.

Nonetheless, the �rms �nanial aomplishment lak behind due to the onstrution

of a new network, whih required signi�ant leverage.

The data was gathered from the annual �nanial reports of the onsidered om-

panies and represented in Table 1 and Table 2.
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Table 1. Initial data before optimization.

System integrator Teleommuniation servies provider Mobile phone ompany

1 2 3

DIO 77.2 184 64.2

DRO 67.6 5.7 6.6

DPO 51.8 67.6 5.6

INV 1 342 11 593 972

AR 1 374 458 119

AP 901 4 256 85

CCC 93 122.1 65.2

FC 32.5 237.7 2.7

Table 2. Parameters of the SC players.

System integrator Teleommuniation servies provider Mobile phone ompany

1 2 3

r 8.2% 4.7% 3.4%

Revenue 7 419 29 792 6 588

COGS 6 345 22 981 5 528

The model requires optimization of CCC part in ertain possible interval. This

paper uses the interval between -17 and 61.50 for ash onversion yle of informa-

tion and ommuniations tehnology industry de�ned by (Garanina and Petrova,

2015).

Further, aording to the methodology in order to optimize osts along the

supply hain and obtain the ost distribution strategy it is neessary to go through

6 steps.

Table 3. Data after optimization in grand oalition.

System integrator Teleommuniation servies provider Mobile phone ompany

1 2 3

DIO 0 52.65 18.35

DRO 112 42.35 6.6

DPO 51.8 112 42.45

INV 0 3 314 278

AR 2 276 3 456 126

AP 1 946 2 667 106

CCC 60 -17 -17

FC 45.4 -102 -1.7

Table 3 and Table 4 represent the rezults of optimization and omparative hange

in ontrollable variables and the best possible value of the joint ost funtion. In-

terpreting the results of the optimization it is possible to see that in general for

the supply hain it is bene�ial to redue the amount of the inventories. For in-

stane, the model implies that the supplier should derease its inventories as muh

as possible, ideally to 0.
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Table 4. Comparative analysis

System integrator Teleommuniation servies provider Mobile phone ompany

1 2 3

DIO 0% 29% 29%

DRO 166% 423% 106%

DPO 100 % 243% 755%

INV 0% 29% 29%

AR 166% 423% 106%

AP 100 % 243% 755%

CCC 65% -717% -382%

FC 140% -43% -67%

Another signi�ant point is that aording to the model the oalition should

prolong the payments due for the mobile ompany by the teleommuniation servies

provider. In addition the system integrator should prolong the payments due to the

teleommuniation servies provider as well.

Considering the hanges it is obvious that the ash onversion yle of eah

partiipant took boundary values of the range of stability. Furthermore while the

teleommuniation servies provider and the mobile phone ompany the CCC values

took the left boundary, the CCC of the system integrator reeived the value of the

right boundary. Sine the optimization was onduted along the ost of working

apital funtion, therefore the main ost ontributor was the teleommuniation

servies provider and the minimization of its ontribute to the ost brought more

value for the oalition.

Further analyzing the redue in the ost of the joint apital two issues arise.

The �rst is that the �nal value of the funtion is negative. The seond issue is

that aording to the model the system integrator should bear higher osts on its

working apital after the optimization. Considering the seond issue on the �rst

sight being rational the system integrator should not aept these terms of the

agreement and leave the oalition thereby saving its own �nanial resoures bot

negatively a�eting the rest player. Nonetheless, the results of the optimization

are positive in terms of ost redution of the joint working apital. Therefore, the

partiipant being interested in this ooperation should develop a fair distribution

strategy.

At this point we onstrut the ooperative game aording to the methodology

desribed, alulate the value of harateristi funtion for the existing oalitions

(Table 5) and evaluation of Shapley value of the game (Table 6).

Table 5. Charateristi funtion.

S 1 2 3 12 13 23 123

υ(S) 15.29 16.26. 0.08 10.69 15.37 0.07 -59.02

The Shapley value implies the way how the �nal ost should be optimally re-

distributed. In other words, the supplier should get additional derease of the osts

by -12.98, whih is less ompared to 15.29 - osts when not partiipating in the

oalition. The distributor should also have a signi�ant derease in working apital

osts � -20.14, whih is onsiderably higher in omparison with 16,26 assoiated
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Table 6. Shapley value.

ϕ(1) ϕ(2) ϕ(3)

-12.98 -20.14 -25.90

with not partiipating in oalition. Finally onsidering the optimization for the re-

tailer the �nal osts should be -25.90 ompared to 0,08 of not being a partiipant

of the maximum oalition.

Besides we an say that the obtained Shapley value belongs to the C-ore:

ϕ(1) + ϕ(2) = −33.12 < 10.69 = υ(1, 2),

ϕ(1) + ϕ(3) = −38.88 < 15.36 = υ(1, 3),

ϕ(2) + ϕ(3) = −46.04 < 0.07 = υ(2, 3),

ϕ(1) + ϕ(2) + ϕ(3) = −59.02 = υ(1, 2, 3).

It proves that this ost imputation is stritly nondominant and there are no

oalitions that an be opportunisti in suh a game.

Nonetheless this ase reveals several onstrains whih are still to be disovered

further. The �rst one is the base for the assumption that eah partiipant of the

hain is able to obtain its ash onversion yle on the boundary values. In the reality

there might be onditions and situations, for instane delays in the supplies due to

infrastruture breakdowns. The seond assumption is that possessing a optimal

negative ost funtion of the joint working apital a supply hain partiipant might

fae not willingness to be �naned by outer partiipants of the hain, for instane the

�nal ustomer might not be ready to pay in advane for the produt and deide to

swith to another retailer or the earlier step supplier might require earlier payments.

5. Disussion and onlusions

The main purpose of the study was to introdue a methodology, whih would allow

the partiipants of a supply hain willing to ooperate to optimize the osts on joint

working apital and develop ost redistribution poliy.

Critial literature analysis showed that ompetent management of �nanial sup-

ply hains has diret positive impat on the liquidity of a ompany. Moreover it

was disover that the most prominent approah in this �eld is management of the

working apital. Cash onversion yle is a widely admitted metris to measure the

e�etiveness of working apital management. This metris ontains three impor-

tant parts: days inventory outstanding, days aounts reeivable and days aounts

payable, whih desribe �nanial �ows of the supply hain. Redue of the ash on-

version yle generally leads to inrease in the liquidity. However, CCC redution

on the level of a ertain form is highly limited, therefore the optimization should

be done along several onsequent parts of the hain. Therefore ollaborative ash

onversion yle should be onsidered.

Further even if the partiipants of a ertain hain deided to ooperate with

eah other in order to optimize the ollaborative ash onversion yle and the

osts of the joint working apital they might fae the problem of redistribution of

osts, beause there may be ases in whih partiipants obtain higher osts on their

working apital. However the desribed ase shows that Shapley value lies in the
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C-ore and is stritly nondominant. It implies that all supply hain partiipants

have no motives to oppose ooperation and behave opportunistially.

The methodology provides a mathematial overview of the ost redistribution

problem allowing the partiipant to bear osts aording the value they add partii-

pating in the oalition. The example was onsidered a supply hain with one-one-one

struture in information teleommuniation industry of three partiipants: a system

integrator, a teleommuniation servie provider and a mobile phone ompany. In

this example the osts of the joint working apital were redued to -59 mln dollars a

year, with �nal ost redistribution to eah partiipant: -12.98 to the supplier, -20.14

to the distributor and -25.98 to the retailer. Moreover the CCC of eah partiipants

took the next values: 60 for the supplier, -17 for the distributor and -17 for the

retailer.

Further researh should be done is two diretions: mathematial and manage-

rial. Regarding the former, a limitation whih was obtained empirially is that eah

additional partiipant in a supply hain ompounds alulation proess of hara-

teristi funtion for oalitions and Shapley value. Therefore it is needed to onsider

quantitative method of optimization or analytial approah, whih would permit to

aggregate some types of oalitions.

Further fruitful area of researh in mathematial terms is dynami ooperative

working apital ost game allowing to redistribute the osts on a regular day-to-day

basis

Considering the seond �eld, it is neessary to develop a framework or tehnique

whih would on the one hand �gure out the possibility of maintaining boundary lev-

els of the onversion ash yle of the oalition partiipants in a partiular industry,

and on the other hand will disover the possibility for the hain to be �naned from

the outer partiipants.
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