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Abstract. The establishment of collaborative relationships with the network
partners provides them important advantages, such as competitiveness and agility,
when responding to the current rapid market evolutions. Nonetheless, the partic-
ipation in collaborative networks becomes a complex process that starts with the
alignment of all the enterprises’ objectives and strategies. Smart systems and
approaches are needed in order support collaborative partners to deal with the
strategies alignment challenge. The lack of alignment emerges because each
enterprise defines its own objectives and strategies, to perform their business, and
it could happen that non-compatible strategies are activated, involving the appear-
ance of conflicts between strategies of different enterprises. To this regard, a
decision support system is proposed, consisting of a mathematical model, a
system dynamics method, a simulation tool and a guideline, with the main aim
of supporting the process of identifying aligned strategies, among the enterprises
of the collaborative network.
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1 Introduction

The concept of collaborative networks (CN) has been widely studied over the last years
due to the positive effects undergone by the enterprises that collaborate [1]. In the work
of consolidating a new discipline in CN, Camarinha-Matos and Afsarmanesh [2] define
CN as a network consisting of a variety of autonomous and heterogeneous entities that
collaborate to better achieve common or compatible goals, to jointly generate value, and
whose interactions are computer network supported. Collaborative processes have been
widely studied over the last years due to their decisive contribution in the proper oper-
ation of the CN. With the aim of consolidating the wealth of knowledge in the research
area of collaborative processes Andres and Poler [3] perform a deep analysis that has
allowed to (i) classify the most relevant collaborative processes according to the decision
making level: strategic, tactical, and operational, and (ii) analyse for each process the
models, guidelines and tools proposed in the literature to address them. The authors
conclude that amongst all the collaborative processes studied, the ones that need to be
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addressed from the collaborative perspective, through proposing new contributions to
fill the decentralized and collaborative features, are (i) at the strategic decision-making
level: the strategies alignment process; (ii) at the tactical level: share costs and profits,
and uncertainty management; and (iii) at the operational level: collaborative lotsizing.

Enterprises willing to collaborate must overcome a set of barriers not only associated
with the establishment of collaborative processes identified by [3, 4] (e.g. products
design, demand forecasting, operations planning, replenishment, uncertainty manage-
ment, share costs and profits, scheduling, information exchange, interoperability, etc.),
but also when defining compatible goals, activating complementary strategies [5] or
aligning their core values [6, 7]. Focusing on the strategies alignment process, the mere
consideration of all the enterprises’ objectives when deciding which strategies are the
best ones to carry out will allow achieving higher levels of adaptability, agility, and
competitiveness [1], strengths that are specially valued in current turbulent contexts and
dynamic markets. Considering this, the strategies alignment process is hereafter
addressed; with the main aim of dealing with the conflicts appearing when strategies
misalignments emerge, in the CN context. Intuitively, as the activation of strategies has
a direct influence on the objectives achievement, it can be understood that the strategies
will be characterised by being aligned when each activated strategy not only promotes
the achievement of the objectives defined by the enterprise that formulates such strategy,
but also when positively influences the accomplishment of the objectives defined by the
rest of the network partners.

Considering the importance of aligning strategies, among the enterprises of the same
network, in terms of improving the CN relationships, there is a lack of an integrated
approach to support enterprises on the modelling, assessment and solution of the strat-
egies alignment process from a collaborative and integrated perspective. In the light of
this, the following research questions are raised to support the strategies alignment
process, in order to solve them as the objective of this research.

RQ1. How to model the impact that each strategy, formulated by one enterprise, has
on the objectives defined by the other network enterprises? That is, how to model the
impact of the strategies at the inter-enterprise level?

RQ2. What would be an adequate model to support the process of identification of
aligned strategies, through modelling the strategies impact in the objectives, in CN
context?

RQ3. What would be an adequate method to support the process of identification of
aligned strategies, and to represent causal relationships (impacts) between the strategies
and the objectives, in CN context?

RQ4. What would be an adequate tool to support the process of identification and
assessment of aligned strategies, and to compute the strategies impact on the objectives
performance at enterprise and network level, in CN context?
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RQS. What would be an adequate guideline to support the process of identification and
assessment of aligned strategies, and to analyse the strategies impact on the objectives
and identify misalignments, in CN context?

In order to give response to the raised research questions, the paper is organized as
follows: Sect. 2 discusses the relationship between the approach proposed in this paper,
to deal with the strategies alignment process, and the Smart Systems; Sect. 3 summarizes
literature review performed in the research area of strategies alignment; Sect. 4 intro-
duces the decision support system, consisting of a mathematical model, a system
dynamics method, a simulation tool and a guideline, with the main aim of supporting
the process of identifying aligned strategies among the enterprises of the CN; Sect. 5
the proposed approach is validated in a real use case from food industry; finally,
Sect. 6 provides the conclusions and the paper discussion.

2 Relationship with Smart Systems

Smart Systems (SS) have multi-disciplinary applications in different areas of research,
such as the social, economic, healthcare, energy, safety and security, logistics, ICT, and
manufacturing. The area under study of this paper is focused on the CN operation, which
includes service and manufacturing sectors. The novelty in SS is the integration of
different components, regardless the technologies and materials in which are created
[29]. The proposed strategies alignment approach is applied in different industries and
sectors that have in common the CN to which they belong; in this regard, SS can support
the diversity associated to this approach. The decision support system proposed could
be used as part of a SS that allows, through using real time information of other inter-
operable components, identifying in each enterprise the most appropriate aligned busi-
ness strategies. The negotiation process, for identifying the most appropriate strategies,
could be also included in a SS in order to allow enterprises make smart decisions with
regards the strategies to activate during their participation in the CN. In the light of this,
the strategies alignment approach proposed could benefit from the real-time information,
response capability, tracking and monitoring features that provide the SS. The integra-
tion of different systems, for the implementation of the strategies alignment approach
in SS, is a key question to answer, bringing together interdisciplinary technological
approaches and solutions for overcoming potential limitations in the establishment of
collaborative process and the stable and sustainable operation of the CN.

3 Problem Definition and Conceptualization

The literature review carried out in [3] has allowed identifying, firstly, the most impor-
tant processes to perform in a CN, and secondly, amongst all these processes, those that
have a lack of contributions from the CN context. As stated in Sect. 1, the strategies
alignment process is included in the group of potential processes to propose solutions
in collaborative decentralised scenarios. According to the analysis carried out in [3] it
can be concluded that, to the best of our knowledge, the strategies alignment process is
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a collaborative process that requires to be studied, so that models, guidelines and tools
for its analysis, assessment and resolution, in the CN context, have to be proposed.

In a network of enterprises, the alignment can be defined as a proper or desirable coor-
dination or relationship of the components of this network. More concretely, in the manage-
ment field, the concept of alignment can be considered as a situation in which the strat-
egies, formulated by the entities belonging to the network, are strictly combined under a set
of functions to achieve the objectives [8]. CNs consist of autonomous and heterogeneous
enterprises [9] each one defining its own objectives. The formulation of the strategies
answers the question: How to reach the objectives? Once the planner decides the scope,
situation or problem that aims to modify, a goal is drawn to guide the processes of change
and then to trace the trajectory of necessary events over time to achieve that purpose.
Strategy is the way forward to achieve the objectives. The business strategies are the set of
actions raised to achieve the defined objectives; therefore, each enterprise of the CN formu-
lates its own strategies with the main aim of achieving the defined objectives. There will be
times in which all the strategies formulated are activated. Nevertheless, sometimes only a few
of the formulated strategies will be activated, due to, for example, a restriction associated
with the budged. Lets consider two enterprises (E) in a CN, each one defines two objectives
(0) and formulates two strategies (str). Each objective has associated a KPI to measure its
achievement. In this regard, E; acquires the role of the distributor in the CN and defines O;;:
Increase the product sales by a 10%, and O;,: Reduce the product costs by a 30%; and
formulates str;;: Invest 0,5 m.u on marketing activities, and str;,: Conduct negotiations with
other manufacturers to reduce the purchasing costs. E, acquires the role of the manufac-
turer in the CN and defines O,;: Increase the profit by a 15%, and O,,: Reduce the quantity
of product that cannot be sold by 100%; and formulates str,;: Use different distribution
channels to sell the product in other markets, and str,,: Buy one machine to make deriva-
tive products, reprocessing the product that cannot be sold (i.e. low cost product). With this
example it can be observed that the str;, is not compatible with the str,;, because str;; is
devoted to establish new relations with other manufacturers, which will involve the reduc-
tion of the profit defined in O,;. Moreover, if E; conducts negotiations with other manufac-
turers (str;,), the O,, will be negatively influenced. Focusing on E,, the str,; focuses on the
generation of alliances with distribution channels different from the one provided by E;. The
activation of str,; negatively influences O;;, defined for reducing the product sales; and
consequently the O;, that leads to reduce the product costs. Considering the aforemen-
tioned, the str;, and str,; are considered misaligned, if activated at the same time. On the
other hand, str;; and str,, are considered to be aligned because the two formulated strat-
egies positively influence the achievement of the objectives defined. Assuming that, the
strategies alignment concept is defined next as: “the set of strategies, formulated by the
enterprises belonging to the CN, whose activation positively influence, on the whole, the
objectives achievement of the majority of the enterprises participating in the CN; obtaining
the best performance at the network level, although small number of the strategies nega-
tively influence any of the defined objectives” [10]. It must be considered that (i) indi-
vidual enterprises take part in several networks, so that it is likely that some of the enter-
prises taking part in these networks have contradictory objectives and consequently contra-
dictory strategies; and (ii) the enterprises belonging to one specific CN are heterogeneous
and contradictory objectives and strategies might arise. Therefore, for enterprises belonging
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to a CN, the defined objectives and the strategies formulated by one enterprise could favour,
or not, the objectives defined by other enterprises. In order to achieve the ideal situation,
enterprises belonging to a CN should be able to identify those aligned strategies, whose
activation promotes the improvement of the objectives defined by the majority of the
networked enterprises, or at least the activated strategies do not negatively influence on the
objectives attainment [5].

4 Literature Review

A summary of the review performed to analyse how the strategies alignment process
has been treated in the literature is presented. In the light of this, some models guidelines
and tools are identified and briefly described. The gaps and trends related to the strategies
alignment process from a collaborative perspective are identified, as a result of the anal-
ysis performed. The initial round of search was based on a broad meaning of keywords
and contexts (enterprise and network level), to ensure that papers adopting an alternative
nomenclature, were identified. Alignment of strategies, alignment of actions, alignment
of decisions, collaborative decisions design, collective decisions and alignment in supply
chain where the keywords used. The found works proposed models, guidelines and tools
to deal with the alignment of decisions from different decision making levels and
different perspectives of application (i) one in which the decisions are collaboratively
made and from the beginning of the decision making the decisions are aligned, and (ii)
another one in which the each partner defines its own decisions and then these are pooled
in order to identify those that are more aligned with the decisions of other network
partners. Considering the reviewed works, Table 1 is generated, listing and briefly
describing the works. Due to space restrictions the table presents works from 2012. The
selected contributions are analysed considering if the proposed approaches are designed
when (i) the decisions are collaboratively and centralised (C) made or, unlike, (ii) the
decisions are decentralised (D) made by each CN partner and after that the decisions are
aligned. A set of models, guidelines and tools are proposed in the literature with the
main aim of aligning decisions among the enterprises of the network. Some of them can
be highlighted: classified as models it can be found the multi-criteria methods such as
FMCDS or MCDM; fuzzy approaches deal with uncertain information. As regards the
guidelines, collaborative strategies or negotiation-based schemes such as S-DSP are
found. Considering the methods, TOPSIS, MCOGA, GA, ANP, causal maps can be
emphasised. Concerning tools MECDSS is found. Despite of the importance of aligning
strategies, in terms of avoiding partnership conflicts, to the best of our knowledge, there
are some gaps in the literature as regards contributions that provide a holistic approach
that allows considering all the strategies formulated by all the partners in the CN context.
The performed review has allowed identifying possible trends, gaps and actions in the
topic under study. This actions are summarised as follows: (i) propose a complete
approach to deal with the strategies alignment process by considering all the strategies
formulated by all the enterprises of the CN; (ii) identify the aligned strategies from an
holistic perspective regardless of their nature and type, taking into account the CN
context; (iii) model the strategies alignment process considering the intra-enterprise
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strategies alignment (alignment of the strategies defined in the same enterprise), and
inter-enterprise strategies alignment (alignment among the strategies defined by
different enterprises of the network); (iv) consider the performance approach to measure
the strategies influence, that when activated, it will be measured considering the increase
and decrease of the KPIs defined in each enterprise. Definitely, from the performed
literature review, there is a need to propose a framework consisting of a model method,
tools and guidelines to address the strategies alignment process from a holistic perspec-
tive by equally considering all the network partners.

Table 1. Contributions dealing with the research topic decisions alignment

Author Proposal cC D

[11] An optimisation model to configure supply chain network, by combining optimisation at the X -
strategic and tactical level

[12] A set of dedsions are previously identified and with IMGP (Interactive Meta-Goal - X

Programming) approach is used to analyse a decision under consideration and identify how it
favours other enterprises performance

[13] Sustainability — Decision Support Protocol (S-DSP) is a collaborative centralised solution that X -
enables to maximise the sustainability of supply network in production and scheduling
planning

[14] Multi-enterprise collaborative dedision support system (MECDSS) that allows each enterprise - X

to propose its own dedsions and dispose of all the data as regards the dedsion-making
components of its partners. Enterprises identify how its decisions affectitself and its partners

[15] A multi-criteria dedsion making (MCDM) technique. is proposed to support decision making X -
inB2B collaboration

[16] Analytic Network Process (ANP) used to determine how the dedsions defined by the CN - X
enterprises influence on the strategies achievement of the network

[17] Fuzzy analytic hierarchy process (FAHP) that uses weightings to support the identificaitonof X -
the importance of the dimensions that influence the decisions

[18] Fuzzy causal maps and qualitative assessment methods designed to asses the values alignment - X
among the CN partners

[19] Fuzzy TOPSIS (Technique for order preference by similarity to ideal solution) and multi- X -

criteria decision making (MCDM) are used to make collective decisions to solve a number of
problems, which are characterised by various quantitative and qualitative criteria

[20] TOPSIS combined with a multi-criteria genetic optimisation feature. Modified multi-criteria X -
genetic optimisation feature (MCOGA) are proposed to create centralised collaborative
decision

[21] Optimisation model to integrate the dedsion of partners’ selection and collaborative X -
transportation scheduling. A novel Genetic Algorithm (GA) is proposed

[22] An approach based on subjective probabilities is proposed to evaluate (i) the probability thata - X

decision of one partner is optimal for itself and (ii) the probability that a decision for the first
partner is optimal for other partners

5 Approach to Support the Strategies Alignment Process

An approach that consists of a model, method, tool and guideline is proposed, to deal
with the strategies alignment process, in the CN context.

5.1 Mathematical Model

The proposed model allows to formally represent, in a mathematical notation, the influ-
ences that the strategies activated in one enterprise have on the performance indicators
(KPI) defined to measure the achievement of the objectives, both in the same enterprise
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Table 2. Index and model parameters

Index

net set of networks, net = (1, ..., N)

i set of enterprises, i = (1, ..., )

X set of objectives, x = (1, ..., X)

k set of key performance indicators, k= (1, ..., K)

S

set of strategies where s= (1, ..., S)

Modcl Parameters

n

Oix
by

Strs

kpip
Akpiy

Ak D i a1
Threshold_kpi
A kpllxk_ T
Akpi_min

Sulfillment_kpiiy

Wivi

Akpi,

Akpine;

Linfstric kpi(t)
Lkp inrk( t)

Lkpi T(t)
c_stry
stricmu
val_stris kpiy

inf stric kpii

slope_stric Kpix
H

number of enterprises belonging to the network

objective x defined in enterprise /

budget owned by the enterprise 7 to invest in the activation of the strategies

Stri, in monetary units [m.u.]

strategy s defined by enterprise 7

key performance indicator (KPI) kused to measure the objective 0y

increase observed in the kpij when the stry is activated. It can be

decomposed in:

* AKpijpi ™ Akpiyi*™ increase of the kpinx when the stri;of the same
enterprise j (&) is activated

* AkpiwminterAkpiinte” increase of the kpixx when the striof a different
enterprise j(e) is activated

maximum increase of kpij estimated by the enterprise i(used to homogenise

all the KPlIs)

value from which the associated kpipy is affected by the activation of a

strategy stri. Below Threshold_kpix: the influence of stri is not observed,

from Threshold_kpiy the influence exerted by stry is considered

increase experienced by the kpiy once the Threshold_kpiyy is computed

minimum increase that the enterprise estimates for the kpixx , once the

Threshold_kpiy is computed

binary parameter that indicates that increase experienced by the kpijgis

higher than the minimum increase that the enterprise estimates for the Kpiax,

once the Threshold_kpiyy is computed

weight of kpii., determines the relevance that the kpix has for enterprise i

increase experienced by the KPI defined at enterprise i level

increase experienced KPI defined at network net level

function that models the behaviour of the kpiyx Kpi,,, When stry is activated

function that models the overall behaviour of the kpiz« considering all the

activated strategies

function that models the behaviour of the kpi:x when the Threshold_Kkpixx

value is computed

cost of activating one unit of strategy stri [m.u.]

monetary units invested in the activation of stri [m.u.]

numerical value estimated by the enterprise e,, that registers the increase or

decrease of the kpij when one unit of stry is activated (u_stry)

maximum level of influence on the kpix: when certain number of units of

strategy (u_stry) are activated

slope of the ramp in represented in £ inf stri kpi(t) finf_str,__kpi;, (V)

horizon, time units [t.u.], period of time in which the set of strategies are to be

activated. Normalised to the unit, H = J.

dy_stris delay, time period between the initial time of activation of str; (¢ti_stri) and
the time when the kpij is started to be influenced by the activated str; [t.u.]

d,_stry time period between the stry starts to influence the Apiy until the maximum
level of influence in is achieved (inf_stry_kpi:z), [tu.]

da_stris time period in which str;; is exerting the highest influence (inf_stric kpixx) on
the kpiyy [tu.]

dg_stri total duration of str; [t.u.]

tf sty time unit when stry is finished [t.u.]

Decision Variables

u_stris
ti_stris

units of strategy [u.s] str;: to be activated
initial time of activation of str; [tu.]




10 B. Andres and R. Poler

and in other CN enterprises [10]. In order to represent the influences and relations
between the KPIs and the strategies a mathematical notation model is proposed: the
Strategies Alignment Model (SAM). First of all, the set of parameters and decision
variables, used to model the SAM, are defined in Table 2.

The SAM is hereafter developed, consisting of an objective function and the asso-
ciated restrictions, representing the relations amongst all the defined variables and
parameters. The main aim is to identify, amongst all the strategies defined, those strat-
egies that have higher level of alignment. The activation of the aligned strategies posi-
tively influences the majority of the objectives defined by the networked partners, maxi-
mising the performance at network level. The SAM computes the KPIs improvement
or worsening when a strategy is activated. Thus, the developed model supports enter-
prises on the decision making as regards the number of units of strategy (u_str;,) to be

activated and the time in which the strategies have to be activated (ti_str;;) with the

objective of maximising the network performance, given by kpi;w . as the homogenised
version of the kpi, . Therefore, the objective function of the SAM is mathematically
represented by the following Eq. (1):

’

max.  Akpi ¢))

The homogenised version of Akpi,, is obtained through the homogenisation of
parameters related to KPIs (Akpi;xk) (2); and the normalisation of the parameters related
to durations and time (3), based on the horizon (H) of time in which the strategies align-
ment process is modelled.

;o Akpi,
APl = Rigpines @
H = g —1id_sir, = dl_str,-s; ;_s - dz_str; ;_S . d4_str;
d;_str,-_Y =d,_str;, =2 - d/2 - d/l_strl-s; 3)
t;_stris _ _strix; t}_stris _ Ly STy

H

Two decision variables, u_str;, and t_str;,, are defined in order to maximise the
parameter Akpi;m. The decision variable u_str;; decomposes the strategy (str;;) in units
of strategy, allowing representing the “intensity” in which each strategy str;, is activated.
One unit of strategy has an associated a cost (c_str;). Therefore, depending on the
parameter c_str;;, the enterprise’ budget (b;) will be reduced in a lesser or larger extent
(4). The budget, b;, owned by each company defines the monetary capacity constraint
(5). In order to identify the influence that one unit of strategy (u_str;, = 1) has over the

Akpi. ., parameter val_str;,_kpi,  is used (6).

s—

Stri,_mu = u_str;; - C_sStr 4
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b, > Z str_mu Vs 5)

inf_stns_kpi;.xk =u_Sstr; - val_strix_kpi;xk 6)

L

The influence that one strategy str;, has on a particular Akpi;xk is modelled through
the function f_inf_str;_kpi, . This function, f_inf_str; _kpi,  (8), is a piecewise func-

tion that depends on the time [f;(7)], that is, the duration parameters (d;_str;,, d,_str;,

is—

d;_str;; and d,_str;) and the decision variable fi_str;. Besides, f_inf_str,_kpi._, is

is— ixk

modelled according to a ramp shape (slope_str; kpi;xk) (7). The representation of the

15—

ramp allows modelling that, after the delay time (d,;_str;,), the str;; progressively influ-

ences the kpi, ,.

, inf_stris_kpi;xk
Slope_stris_kpiixk =0 @)
d,_str

finf_stry;_kpi, (1) =

0 — t <1 _str, +d,_stry Nt > {_str, +d,_str,

slope_str[s_kpi;.xk - t:._str[s + d’l_str[s <r< t:._str[s + d’l_str[s + d’z_strij 8)
inf_str,_kpi,  — t;._str,s + d/l_str,-j + d’z_strm <t< tl'._str,-J + d’l_strl-x + sz_str,s + a’g_striJ

15— ixk

—slopefstrmfkpi;xk - t;fstrl-s + Jl,str,»s + d/zfstrij + d;fstr,»s <t< t'ffstrix
The influence received by the KPIs defined in one enterprise i (11) is caused by both
intra-enterprise influence, Ai"””kpilka, (9) and inter-enterprise influences, 4™ kpi’_, (10).

LX)

H
Aintmkpl-;(k =/ f_inf_s[ris_kpi:,xk(l‘) - dt (9)

t_stri+d, _stry

. H’

Amerkpil = / finf _stri_kpi (1) - dt (10)

1 _stri+d, _str;,

H

Akpl:xk = Aimmkpi;xk + Aimgrkpiﬁxk; Akpl:xk = '({f_kplllxk(t) ’ dl (11)

After being depicted the function f_kpi;xk and computed the Akpi;xk, the value esti-
mated by the threshold (Threshold_kpi

ixk

network level the parameters Akpi; and Akpi

) must be considered (12). At enterprise and
" are defined as (13).

net

’

b H
Akpi,, T = [ f_kpi, (1) -di— / Th_kpi,, - di (12)

' Zx,k Akpllxk—T : Wixk'

,  Akpi
A kpi,» ; - L
Zx,k Wirk

net

Akpi (13)
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5.2 System Dynamics Method

The method used is based on system dynamics (SD), and will allow to graphically
represent and solve the proposed mathematical model, from a CN perspective. SD will
enable to characterise the causal relationships between the strategies and the objectives;
modelling the influences that the objectives experience when certain set of strategies are
activated. Moreover, SD will favour to understand the structure and dynamics of
complex systems, such as the CN [10, 23]. The causal loop diagram is the graphical
description that represents the system in SD. It includes all the system elements and

Table 3. Equations of the flow diagram

dimension KPIixk, representing the indexes of the KPIs defined in the model index KPIixk
dimension Sis, representing the indexes of the strategies defined in the model index Sis

bi - ¥Sis mu

Sis mu = u Sis - ¢ Sis.get(index Sis)

tf Sis =ti Sis + d4 Sis.get (index Sis)

d3 Sis = d4 Sis.get(index Sis) - dl Sis.get(index Sis) -

(2-d2 Sis.get (index Sis)) B B

slope Sis KPIixk = (u Sis - val Sis KPIixk [dimension KPIixk])/

d2 Sis.get (index Sis) B B B

Inf Sis KPIixk = delay (ramp (slope Sis KPIixk[dimension KPIixk],

ti Sis, ti Sis + d2 Sis.get (index Sis)) - ramp -

(siope Sis KPIixk[dimension KPIixk], ti Sis + d2 Sis.get (index Sis) +
d3 Sis, ti Sis + 2 - d2 Sis.get(index Sis) + d3 Sis) , N

dl Sis.get (index Sis)) B B

curve KPIixk = XInf S11 KPIixk[dimension KPIixk]

KPIixk = f curve KPIixk[dimension KPIixk]

Curve KPIixk T = IF ((curve KPIixk[dimension KPIixk] >=

Threshold KPIixk[dimension KPIixk]) THEN (curve KPIixk[dimension KPIixk]
- Threshold KPIixk[dimension KPIixk]) ELSE (IF

(curve KPIixk[dimension KPIixk]<0) THEN curve KPIixk[dimension KPIixk]

ELSE 0))

KPIixk T = f curve KPIixk T[ dimension KPIixk ]

fulfill KPIixk min = IF ((KPIixk T[ dimension KPIixk ] >= KPIixk min|[
dimension KPIixk ]) THEN 1 ELSE 0)

KPI i = XKPIixk T.get (index KPixk) - Wixk[dimension KPIixk]

KPI GLOBAL = X KPI i / n

o« S
@ s
@ st O N\
-
& s \ ~
Thomhebd Kitink | P
Wk o
—
KPtixk min
»
\ PSR Pt e
p— \ \ N . %
[ WL =Y o ) Wope_Shs KPik X aLosaL (&
AW 1| -
omY rusy T ems
X X -1 )
el fis KPR i RO i{kiege| KM | ey ) pemc-| KPR Y
Inf S KPSak onrwe KPtixk owrve KPPtk T

Fig. 1. Flow diagram in SD of the strategies alignment model.
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represents the relationships among them. The causal diagram allows to qualitatively
represent the behaviour of the modelled system. In order to carry out a quantitative
analysis the flow diagram is constructed. The flow diagram interprets the causal loop
diagram (the information and the casual relationships depicted) into a terminology that
allows transcribing the equations within a simulation software. The parameters modelled
in the SAM are translated for its use in the SD simulation software. Moreover the equa-
tions remain as shown in Table 3. The flow diagram of the SD SAM is represented in
Fig. 1, and will be extended according to the number of enterprises, the number of KPIs
defined and the strategies formulated.

5.3 Simulation Tool

The proposed simulation software tool is used to solve and represent the strategies
alignment model, based on SD rigorous method. The use of computational tools allows
automatically solving the strategies alignment process. System-dynamic’s simulation
based models supports on the process of computing the strategies to activate and the
time slot in which activate them, optimising the global performance of the CN. Consid-
ering the SAM developed and the SD resolution method described, three tools used to
address the strategies alignment process, from a CN context, are described: (i) AnyLogic
simulation software is selected to support the system dynamics (SD) method, in which
the SAM is solved; (ii) a Database Management System (DMS) is proposed to store all
the information required in the SAM. The parameters required to feed the SAM are
gathered in a Microsoft Access Database specifically designed; and (iii) the Strategies
Alignment GENerator (SAGEN) is designed as an application to automatically generate
the SAM in SD simulation software. In this regard, SAGEN contains the set of proce-
dures that allow generating the required structure, in XML language, to create the strat-
egies alignment simulation model in the SD simulation software selected (AnyLogic).
The procedures are created according to the requirements of the XML schema, for its
reading in AnyLogic. The programing language used to build SAGEN is Pascal. Lazarus
[24] is used as an Integrated Development Environment (IDE) that uses Free Pascal
compiler. In order to have a deeper insight of SAGEN programming and the procedures
creation, we refer readers to [25]. To automatically generate the SAM in SD simulation
software, the user firstly introduces the information required to solve the SAM in the
DMS, through SAGEN user interface (SAGEN UI) (see Fig. 2). SAGEN Ul is connected
with Microsoft Access Database 2010 through an OCDBConnection. The information
stored in Microsoft Access Database 2010 contains all the tables and fields necessary to
create the XML file that contains the SAM to be simulated in AnyLogic simulation
software. In a second step, the user creates the XML file, which results from the execu-
tion of the procedures programmed in SAGEN. The XML file automatically created in
SAGEN contains the strategies alignment simulation model, which can be loaded in
AnyLogic simulation software. The SAM is automatically created containing the flow
diagram, as well as the simulation and the optimisation experiments. AnyLogic simula-
tion software is selected due to brings together the most common modelling methods:
System Dynamics (SD), Discrete Events (DE), and Agent Based (AB). AnyLogic inte-
grates both simulation and optimisation experiments. Accordingly, in the optimization



14 B. Andres and R. Poler

experiments, AnyLogic searches the values of the model parameters that lead to obtain
greater performance levels of the model, given an objective function and the set
constraints and requirements. OptQuest is the engine used by AnyLogic to carry out the
optimisation of the represented simulation model [26].
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Fig. 2. SAGEN user interface

5.4 Guideline

A guideline is proposed as a complementary mechanism to the model, method and tool,
with the main aim of supporting the enterprises, which belong to a CN, on addressing,
assessing and solving the strategies alignment process [27]. The guideline consists of
twelve phases, hereafter briefly described. Phase 1 starts with the identification of the
CN partners, willing to align their strategies. Phase 2 focuses on the enterprises’ roles
definition. Phase 3 continues with the collection of the data required as an input of the
SAM related with the KPIs and the parameters associated (kpi;y, Akpiyg, Akpil)”,

Threshold_kpi, ., wiy). Phase 4 is devoted to the collection of data, from the CN enter-
prises, related with the strategies and the parameters associated (str;, c_stri;, d;_stri,
d,_stri, d;_str;s). In Phase 5 the collaborative partners agree the type of collaboration to

carry out in the CN. Three collaboration levels (CL) are defined depending on the data
exchanged: (i) CL1, enterprises only exchange information as regards the KPIs defined
and enumerated kpiy; (ii) CL2, enterprises exchange information about the KPIs and the

parameters that characterize them, and the number of strategies (only the IDs of the
strategies, not the definition) and the parameters that characterize them; and (iii) CL3,
enterprises exchange information as regards the KPIs defined and the parameters that
characterize them, and the definition of the strategies formulated and the parameters that
characterize them. In Phase 6, the values of influence are estimated by each enterprise,
val_str;,_kpi;y. The data retrieved in Phase 4, 5 and 6 is gathered in Phase 7, by using a

template. In Phase 8 the gathered data is introduced in the DMS. SAGEM allows auto-
matically creating, in Phase 9, the SAM in the simulation software selected, AnyLogic.
The resolution of the model is performed in Phase 10, and the SAM solutions are gener-
ated. The negotiation of the SAM results is performed in Phase 11, which depends on
the collaboration type previously agreed. When negotiating, each enterprise selects the
alternative of solution, that best fits to its requirements. The alternative of solution is
exchanged with the other partners of the CN, and a negotiation process is started until
the CN partners agree on the alternative of solution selected, which generates the closest
performance to the optimum for each partner. In order to give the reader a better insight
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of the negotiation process, a scheme of the Negotiation Process for the Level 1 of
Collaboration is described in [27]. Finally, Phase 12 allows, after carrying out the nego-
tiation, identifying potential appearing conflicts when activating certain strategies. In
Phase 12, possible misalignments and negative-influences appearing in the alternative
of solution selected are to be identified, analysed and solved.

6 Validation of the Proposal

The stage of verification and validation aim to assess, give credibility and accredit the
proposed original work [28]. In order to show the relevance of the model, method, tool and
guideline proposed to deal with the strategies alignment problem a three validation
elements are considered: (i) validation of the research by peer reviewed publications; (ii)
development of empirical experiments; and (iii) real application of the complete approach
in two networks belonging to the food (Pilot 1) and automotive industry (Pilot 2). The
implementation of the proposed contribution allows identifying critical points of applica-
tion; and the pilots allow showing the use that the enterprises give to the proposed contri-
bution, as well as determining the practical relevance when applying the strategies align-
ment model in the CN. For the validation of the proposed approach, a real simplified use
case from food industry is presented. The simulated CN consists of two enterprises, the
distributor (E;) and the manufacturer (£,), each one defining two objectives (0,,) whose
achievement is measured through the KPIs (kpi;): E; defines kpi;;; and kpi;,;; E, defines
kpiy;; and kpiy,;. In order to achieve the objectives defined, each enterprise formulates two
strategies (str;;): E; formulates str;; and str;,; E, formulates str,; and str,. Each enterprise
also defines the data related to the strategies (durations and costs) and the associated to the
corresponding KPIs (minimum values, threshold and weights). The objectives and the
strategies are described in Sect. 3, in order not to repeat we refer the reader to that section.
Moreover, the enterprises have a certain budget (b;) to carry on the formulated strategies.
The values of influence that each strategy has on the defined KPIs are given by the param-
eter val_str;,_kpi,;. All the data related with the objectives and strategies defined in the food
industry use case are shown in Table 4. The data depicted on the cells in dark grey corre-
spond to the values of influence that the strategies defined in one enterprise have on the
KPIs defined in the same enterprise (intra-enterprise values of influence). While the white
coloured cells represent the values related to the inter-enterprise influences. In the non-
collaborative scenario only the inter-enterprise values of influence will be used. Whilst in
the collaborative scenario will take into consideration both intra and inter-enterprise values
of influence.

In the collaborative scenario the enterprises participating take into account the influ-
ences of all the strategies formulated by the enterprises. The optimisation experiment
carried out in the simulation software used (AnyLogic) generates a set of solutions, as
regards the units of strategies to activate and the time in which to activate them. The
values concerning the enterprise performance indicators (kpi’i) and the network
performance indicator (kpi'net) are computed in the simulation experiment. The experi-
ments have been also performed in the non-collaborative scenario, in which the decision-
making is made from an isolate perspective without considering how the strategies
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Table 4. Real simplified from food industry use case: data

Distributor (E) b;=4 kpl 'y, kpi a,
Wiy 3 Wiy ..
Threshold_kpiy,, 0,05 Threshold_kpiy,, 0,01
stry; | estry, 05 | dy_stry, 005 | d;_stry, 0,01 I d_stry, 03 val stry, kpt,,;, 04 valstr,, kpiy;, 0
str; | cstry, 4 dy stry; 0.2 d; stry; 003 | dy_stry, 07 val stry; kpiy,, 02 val stry; kpiyy, 09
val stry, kpii,, -0.6 val stry, kpii,, -0.6
val_stry, kpiy,, 03 val_stry, kpii,, 04
Manufacturer (Ey) b,=9 kpis, kpizz,
Waiy 0.5 Wazy 0.5
Threshold_kpi,,, 02 Threshold_kpi,,, 0,1
stry, | estr,, 7 dy_str;, 0,1 d;_stry, 002 | dj_str,, 075 val_stry, kpis,, | val_stry, kpis,, O,
stry, | estry; 3 dy_stry, 005 | dy_stry, 001 | dy_str,, 05 val_stry, kply,, 02 val_str. X
val_stry,_Kpi,, 0.8 valstry, kplzz, 0.6
val_stry; kpizy,  -0.5 val_stry; kpiz, -0.5

formulated by other network enterprises affect the achievement of its objectives

(performance). In Table 5 the results of both scenarios, non-collaborative (NC) and

collaborative (C) are compared. The optimised solution of the collaborative scenario

(using the SAM) generates, at network level, a performance significantly higher than
the performance resulting from the solution obtained in the non-collaborative scenario.
Moreover, the solution obtained in the non-collaborative scenario breaches the restric-
tion of non-negativity of all the KPIs of the network (fulfilment_kpi’ixk > 0). Whereas
that the solution of the collaborative scenario complies with the restriction of non-nega-
tivity being the fulfilment of all the KPIs 1.

Table 5. Collaborative scenario vs. non-collaborative scenarios: optimization results

NC C Performance Improvement
u_strii 0 45
ti_strm 0,105 0,0]3
u_striz; 1 0
ti_striz; 0 0017
u_strzu 1 0
tistrzi 0.1 0,01
u_strzz; 0 2
ti_straz; 03 0
Vkpi'is -0,288 0,674 334.03%
fulfilment kpi'11 0 1
Vkpl"gzz 0,04 0‘348 770,00%
fulfilment kpi'12; 1 1
Vkpi'zn 0226 0951 320,80%
fulfilment kpi’z;1 1 1
Vkpi’z2; 0,141 1,307 826,95%
fulfilment kpi'zz; 1 1
kpii (Distributor) -0,122 0511 518,85%
kpis (Manufacturer) 0204 1,129 453,43%
kpinee 0,041 0.82 1900.,00%
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7 Conclusions

The developed research aims to provide a better understanding on the ways of estab-
lishing sustainable collaborative relationships within the partners of a CN. In this regard,
a complete approach consisting of a model, a method a tool and a guideline is proposed,
to support the strategies alignment process, in the CN context. The complete approach
allows to automatically identifying the set of strategies to be activated, and the time in
which to activate them, in order to obtain maximum levels of network performance. SD
method is proposed to solve the SAM, and three tools support the computation of the
SAM: (i) simulation software; (i) DMS; and (iii) SAGEN tool, that automatically builds
the SAM in the simulation software. Finally, a guideline is proposed, to give the CN
partners a vision of how to perform the strategies alignment process. Despite the advan-
tages of the application of the strategies alignment approach, there is a main drawback
related with the information gathering as regards the value val_stris_kpigxk, especially if
the strategy str;; has never been activated before, this parameter it is very difficult to
estimate. In the light of this, network enterprises can opt for (i) estimating the parameter
val_str, kpi;xk or (i) waiting until the strategy (str;,) is activated and measure the real

s—
value of val_str,_kpi. .

strategy specific strategy was activated in the past (4kpi

If the enterprise has stored the increase of the KPIs when a

' Istr,), the enterprise can

objectively compute val_str,_kpi _, for strategies activated in the same enterprise; and

s— ixk®
val_stris._kpiz.xk for strategies active in different network enterprises.

Future research work leads to deal with the collection of the data required in an
accurate way. For doing this, complementary sensitivity analysis is to be proposed in
order to identify the robustness of the optimised solution obtained, resulting from the
implementation of the SAM in the simulation software AnyLogic. A second future line
of research leads to design a distributed multi-agent system model so that each network
node is represented as an agent and simulates in its own hardware and software one part
of the strategies alignment model (its own part). Moreover, other applications can be
identified to the proposed work, such as supporting the partners’ selection process from
a collaborative perspective.
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