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Abstract. This paper proposes an approach for modeling and analyzing
strategic complementarity in software businesses. The primary research objec-
tive is to develop an approach for representing and reasoning about synergistic
value creation in software enterprises and ecosystems. This agenda is based on
the increasing importance of complementarity as a concern within software
organizations and their networks. It recognizes the prevalence of coopetition, as
a common practice, in the software industry where businesses cooperate and
compete simultaneously in open source communities, standards-setting bodies,
and software ecosystems. It focuses on complementarity since it is a critical
motivator for coopetition among software businesses. This study offers an
approach for comparing alternate combinations of software products for
assessing their abilities for synergy creation with reference to the concept of
added value. It evaluates the sufficiency of this approach by applying it to an
industrial case study from management literature. It also identifies a direction for
future research for this line of inquiry.
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1 Introduction

Software enterprises and ecosystems rely on simultaneously cooperative and compet-
itive relationships to achieve their collective as well as individual business objectives. It
is common for software businesses, from global conglomerates to nascent startups, to
engage in coopetitive behaviors towards each other. Such behaviors can be observed in
dealings between software businesses in open source communities, standards-setting
bodies, and software ecosystems [1]. Moreover, software businesses coopete with each
other individually as well as through their partnerships and alliances with other firms –
which are themselves coopetitive. Therefore, such software ecosystems [2], partner
networks and alliance constellations have multifaceted relationships with each other
where cooperation and competition exist concomitantly at the individual and collective
levels. Furthermore, coopetition between enterprises can only be expected to increase
as larger numbers of enterprises transform themselves from pipeline-driven business
models to platform-oriented business models. This is because a key contributor to the
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growth of coopetition in the software industry is the presence of complementarity
between many software businesses.

Software business (SB) research focuses on the corporate strategies of software
companies. It is concerned with the study of business models of software enterprises to
identify their sources of value creation for organizational stakeholders. SB frameworks
are intended to explain various facets of a software business such as its product
strategy, revenue logic, distribution model, and service implementation model [3].
Such frameworks can be applied to examine different types of software businesses
including “pure software product business, enterprise solution system business, and
software service business” [4]. These frameworks are designed for analyzing software
businesses and hence they are useful for understanding the “relation between a business
model, business logic and business strategy” of software companies [5]. Comple-
mentarity motivates coopetition, which is an increasingly common feature of
inter-organizational relationships between software enterprises and ecosystems. Thus,
by illuminating this important concept, this paper furthers understanding into business
models and strategies of software businesses.

The rest of the paper is organized as follows. The next section of this paper outlines
our research objectives and expected contributions to the study of complementarity. It
lists the core facets of strategic complementarity that must be accommodated by any
framework that is designed to support the analysis of synergy. The third section pre-
sents a model of strategic complementarity and synergistic value creation that is based
on an industrial case study from the software industry. The fourth section discusses the
key facets of strategic complementarity that are relevant for modeling and analyzing it.
The fifth section covers future work and conclusions. The references in this paper are
listed in the sixth section.

2 Analyzing Strategic Complementarity Between Actors

Complementarity is a key characteristic of coopetition [8]. Complementarity is also
referred to as synergy which is colloquially described as the whole being greater than
the sum of its parts [6]. Tee & Gawer [9] assert that “complementarity refers to the
combined returns from the combination of two or more assets, with some combinations
resulting in higher value creation than other combinations.” Similarly, Kyriakopoulos
& Moorman [10] claim that “complementarity refers to the degree to which the value of
an asset or activity is dependent on the level of other assets or activities.” Milgrom &
Roberts [11] credit Edgeworth for introducing this concept into economics, where it
has been studied extensively. They note that the notion of complementarity can be
applied to inputs, such as goods and services, as well as activities [12]. In their
influential work on coopetition theory, Brandenburger & Nalebuff explain that a
“complementor” is an actor that makes a focal actor more valuable/attractive to a
buyer/seller when that buyer/seller can buy/sell from/to both actors rather than when it
can only do so with one of them alone [13].

The effects of complementarity can be observed in a variety of enterprise functions
ranging from marketing and sales to production and distribution. Examples of the
former include goods/services that are regarded by consumers as being more valuable
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together than separately. For instance, Barquera et al. [14] and Ng et al. [15] claim that
coffee and milk are complements. Examples of the latter include economies of scope
wherein it is cheaper for a firm to manufacture/deliver goods/services jointly in com-
parison to manufacturing/delivering each good/service individually. For instance, Tsuji
[16] asserts that economies of scope can be found in “department stores which offer
consumer loans” and “electric appliances makers which produce PCs”. Complemen-
tarity is a key motivation for participation in software ecosystems by rival vendors.

Following [29], we distinguish between the concepts of value added by an actor,
and added value of an actor in a multi-party economic relationship. Reasoning about
strategic complementarity between actors requires the ability to analyze three main
factors which are resources/assets/objects, value added by each actor, and added value
of each actor. A resource/asset/object refers to an entity associated with some value,
benefit, or utility for a stakeholder. Value added by an actor refers to the incremental
addition of some value, benefit, or utility by that actor. Added value of an actor refers to
the worth of that actor in terms of value, benefit, or utility creation in a multi-party
economic relationship. In analyzing complementarity, the notions of value added and
added value are viewed from the perspective of the stakeholder that is the beneficiary of
synergy.

Modeling is widely used in IS engineering, and recently has been extended to deal
with strategic management (SM) concerns. IS researchers have incorporated theories
from SM into modeling frameworks to reason about strategic decisions [7, 31]. For
example, in our earlier work, we analyzed inter-organizational competition that resulted
from resource conflicts [6]. Similarly, Santos [34] proposes Power Models that are
useful for understanding the relationships between different actors in an ecosystem by
applying ideas about power from the SM literature. Driven by their proliferation in
industrial practice and prominence in SM literature – ideas from coopetition theory are
starting to appear in IS publications. However, complementarity, which is a prime
driver of coopetition, has not been integrated into modeling frameworks in a structured
and systematic manner. The absence of such integration “make it difficult for
requirements engineers to validate low-level requirements against the more abstract
high-level requirements representing the business strategy” [32]. In this paper we use
modeling to analyze strategic complementarity.

3 Example: Complementarity Between Windows
and Pentium

3.1 Analyzing Strategic Complementarity in the Wintel Alliance

A widely-studied example of complementarity and coopetition is the case of Wintel
(i.e., Microsoft Windows operating system on Intel x86 chipsets) [17]. Throughout the
1990s, Microsoft and Intel simultaneously competed and cooperated with each other
[18]. They cooperated to achieve their common goal of establishing Wintel as the de
facto standard in personal computing [19]. This joint objective comprised of enlarging
the market for Windows on x86 by competing with vendors of substitute products, such
as Apple and Motorola [20]. However, Microsoft and Intel also had their private goals

84 V. Pant and E. Yu



of maximizing their individual shares of the collective value created by the Wintel
alliance [21]. This created a, “kind of interfirm dynamics which allow the competing
firms involved to manage a partially convergent interest and goal structure” [22].

Brandenburger & Nalebuff [13] suggest that complementarity between Windows
and Pentium motivated the coopetitive relationship between Microsoft and Intel. The
basic reason for the presence of this complementarity was that a customer (i.e., PC
user), with a specific set of requirements, could do more by using these products
together rather than separately. For example, a PC user could get better performance in
Windows with Pentium because Intel had optimized that chipset for Windows and
Microsoft had implemented the MMX multimedia instruction set from Intel into
Windows [18]. If this user chose a different operating system (e.g., Linux) on Pentium
or Windows on a different chipset (e.g., K6) then that user would have foregone the
performance improvements that stemmed from the co-optimization of Windows and
Pentium.

However, while Wintel offered performance advantages to a PC user (compared to
substitutes of Windows and Pentium) it also locked that user into a relationship with
proprietary vendors. Microsoft and Intel charged premium prices and this translated
into higher costs for that user. Conversely, if this user chose a different operating
system or chipset then they would have saved money but would not have benefited
from the performance advantages of Wintel. This was just one of many tradeoffs that
vendors (such as Microsoft, Intel, Apple, and AMD) had to analyze to develop per-
suasive value propositions for their target customers.

As this example indicates, reasoning about complementarity requires the ability to
evaluate the objectives of an actor (e.g., PC user), the options that are available to meet
those objectives, and the impact of those options on those objectives. Each alternative
can impact the satisfaction or denial of an actor’s goals differently since there are
trade-offs between those options. The satisfaction of an objective leads to realization of
benefits for an actor while its denial impairs such benefit realization. Therefore, to
understand the presence and extent of complementarity between entities the individual
and collective effects, of those entities, on value creation must be compared. This can
be done using text, as was done in this sub-section, as well as by using models, as is
done in the following sub-section.

3.2 Reasoning About Strategic Complementarity in the Wintel Alliance

In this paper, we use two modeling languages, i* and e3value, in combination to
analyze strategic complementarity between Microsoft Windows and Intel Pentium. i* is
explained by Lucena et al. in [27] and e3value is explained by Souza et al. in [28].
These authors depict metamodels of i* and e3value in [27, 28] respectively. i* (dis-
tributed intentionality) is a socio-technical modeling language that can be used to
represent the intentional structure of an actor as well as its strategic relationships with
other actors. It is useful for analyzing complementarity because it supports comparing
the impact of alternatives on objectives via links between means and ends.

Figures 1a, 1b, and 1c show the impact of different combinations of operating
systems and chipsets on the satisfaction of various objectives of a home user of personal
computer (PC). Figure 1d presents a composite model of alternatives available to a
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home user for personal computing. i* is a goal modeling language and the main con-
ceptual entities in i* are goals, tasks, resources, and softgoals. Within the scope of each
actor, a goal is a state of affairs that an actor intends to achieve in the world. For
example, in Figs. 1a, 1b and 1c, the goal of a home user is to buy a PC. A task is a means
for achieving an end which refers to satisfying a goal. For example, in Figs. 1a, 1b
and 1c, a home user can buy Windows on Pentium, Windows on other chipset, or other
operating system on Pentium to satisfy its goal of buying a PC. A resource is a physical
or informational object that is required to achieve some goal or perform some task. For
example, in Fig. 1a, a home user procures Pentium from Intel and obtains Windows
from Microsoft.

A softgoal is a quality objective or nonfunctional requirement that does not have
well defined satisfaction criteria. The fulfilment of a softgoal is judged subjectively
from the perspective of an actor through elaboration and refinement. For example, in
Figs. 1a, 1b and 1c, the requirements of a home user are represented as softgoals. This
is because their satisfaction is judged subjectively from the perspective of that home
user. Figure 1a shows those requirements that are satisfied/denied if the home user
chooses Windows on Pentium. Figure 1b shows those requirements that are

Fig. 1a. i* SR diagram showing adequacy of Wintel.
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Fig. 1b. i* SR diagram showing adequacy of other operating system on Pentium.

Fig. 1c. i* SR diagram showing adequacy of Windows on other chipset.
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satisfied/denied if the home user chooses an operating system other than Windows
(e.g., Linux) on Pentium. Figure 1c shows those requirements that are satisfied/denied
if the home user chooses Windows on a chipset other than Pentium (e.g., K6).

These entities are connected via means-ends links, decomposition links, depen-
dency links, and contribution links. Means-ends links relate a goal to one or more tasks
such that the completion of any of those tasks achieves that goal. For example, in
Figs. 1a, 1b and 1c, Windows on Pentium, other operating system on Pentium, and
Windows on other chipset are examples of alternate means that satisfy the same goal of
buying a PC. Decomposition links relate a task to other elements such that the fulfil-
ment of all those elements is required to perform that task. For example, in Figs. 1a, 1b
and 1c, a home user needs to buy a PC before it can use that PC. Contribution links
denote various types of impacts (such as help, hurt, etc.) that different entities have on
softgoals. For example, in Fig. 1a, buying a PC that runs Windows on Pentium helps a
home user benefit from optimized performance as well as access to a large user
community.

Dependency links are used to express the intentional relationships between actors
based on the goals, tasks, resources, and softgoals that an actor depends on from
another actor. An actor that depends on another actor is termed a depender, an actor on
which another actor depends is termed a dependee, and the object of the dependency
between actors is termed a dependum. For example, in Fig. 1a, a home user depends on

Fig. 1d. i* SR diagram showing all three alternatives.
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Intel to procure Pentium and Microsoft to obtain Windows. In the diagrams in this
paper, we have omitted dependencies from the vendors to the home user (i.e., for
money) to simplify the visual presentation and interpretation of these diagrams.

A comparison of Figs. 1a, 1b and 1c shows that Windows on Pentium satisfies the
overall requirements of a home user better than Windows on other chipset or other
operating system on Pentium. Thus, Windows and Intel are more valuable together for
a home user than Windows and Pentium separately because neither Windows and a
different chipset nor another operating system and Pentium can meet a home user’s PC
requirements as optimally as Windows and Pentium can jointly. This demonstrates the
presence of complementarity between Windows and Pentium and points out the rea-
sons for the existence of that complementarity. It should be noted that while these i*
diagrams allow us to depict the presence of complementarity between Windows and
Pentium—they do not allow us to depict the magnitude of surplus from that synergy.

e3value is a value modeling language that can be used to represent networks that
are setup to facilitate economic exchanges between organizations. It is useful for
analyzing complementarity because it can be used to compare the individual and
collective value creation effects of entities. In e3value, the main conceptual entities are
actors, value objects, value ports, value interfaces, value transfers, value transactions,
and value activities.

An actor is an economically independent entity (e.g., Microsoft) that transfers value
objects (e.g., Windows) to other actors (e.g., home user) in return for objects (e.g.,
money) of benefit/utility from them. Value ports (e.g., catalog) are used by an actor
(e.g., Microsoft) to offer (e.g., Windows) or demand (e.g., money) value objects from
other actors (e.g., home user). Value interfaces are groupings of value ports (e.g., sale)
that represent economic reciprocity such that all the value ports in a value interface
exchange value objects or none of them do. Value transfers are used to connect two
value interfaces (e.g., buy, sell) and value transactions (e.g., procurement) group value
transfers such that all the value transfers in a value transaction occur or none of them
do. Actors perform value activities (e.g., sell software) to create economic profits.

In this paper, we use a slightly extended e3value notation, in Figs. 2a and 2b, to
analyze the magnitude of complementarity between Windows and Pentium. The
concepts of willingness-to-pay (WP) and opportunity cost (OC) are relevant for ana-
lyzing complementarity. WP refers to the maximum resources (e.g., money) that an
actor (e.g., home user) will voluntarily relinquish in exchange for another resource
(e.g., operating system, chipset). OC refers to the minimum resources (e.g., money) that
an actor (e.g., Microsoft, Intel) will voluntarily accept to relinquish another resource
(e.g., Windows, Pentium). The logics of WP and OC hold because a rational and
self-interested actor cannot be expected to give up a more valuable resource in
exchange for a less valuable resource but that it will gladly give up a less valuable
resource in exchange for a more valuable resource [29].

We have extended the standard e3value notation slightly by inscribing the identi-
fiers of actors, market segments, and value activities within their respective boundaries.
We have also specified the content of a value exchange above the arrow that represents
it. The value can specify a range (expressed as inequalities) rather than a fixed quantity.
Figure 2a shows the separate value constellations of Intel and Microsoft wherein each
of these vendors provide their products, Pentium and Windows, to a home user
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separately. The upper sub-diagram in Fig. 2a shows that Intel delivers a Pentium chip
to a home user who pays Intel an amount that is less than or equal to that home user’s
WP for Pentium and is greater than or equal to Intel’s OC for selling Pentium. The
lower sub-diagram in Fig. 2a shows that Microsoft delivers Windows operating system
to a home user who pays Microsoft an amount that is less than or equal to that home
user’s WP for Windows and is greater than or equal to Microsoft’s OC for selling
Windows.

Figure 2b shows the joint value constellation of Wintel wherein the home user gets
the Microsoft operating system and the Intel chipset together (i.e., Windows on Pen-
tium). In this case the WP of a home user for Windows and Pentium together is greater
than the sums of their WP for Windows and Pentium separately. This is the case,
because comparing Figs. 1a, 1b and 1c leads to the conclusion that Windows and
Pentium are complements such that a home user is willing to pay more for an offer that
combines their value propositions than one that keeps them apart. Both Windows and
Pentium are more beneficial to a home user and offer greater utility to that home user

Fig. 2a. e3value diagram of separate value constellations of Microsoft and Intel.

Fig. 2b. e3value diagram of Wintel’s value constellation.
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when they are together than when they are separate. This difference between a home
user’s WP for Windows as well as Pentium jointly and the sum of a home user’s WP
for Windows as well as Pentium separately can be regarded as surplus from synergy.
This is additional value that is present within a joint value constellation of Microsoft
and Intel but is absent from the individual value constellations of these vendors.

In the scenario depicted in Fig. 2a, calculating the amount of value that is acquired
by Microsoft and Intel in their separate value constellations is relatively straightfor-
ward. This is because the upper bound of value that Microsoft and Intel can appropriate
individually is constrained by a home user’s WP for their respective products alone
(i.e., Windows, Pentium). In Fig. 2b, however, calculating the upper bound of value
that Microsoft and Intel can appropriate from their joint value constellation is relatively
complicated. This is because both Microsoft and Intel can stake their respective claims
on the surplus from synergy that is generated by their partnership. While neither
Microsoft nor Intel will, under most circumstances, voluntarily accept an amount that is
lower in value than their OC for Windows and Pentium respectively – the presence of
surplus creates the possibility for them to appropriate an amount that is greater in value
than a home user’s WP for Windows and Pentium respectively.

Added value is relevant for determining the upper bound on the amount of value
that Microsoft and Intel can appropriate from for themselves from the Wintel con-
stellation. The reason that this is the case is because if an actor appropriates an amount
of value greater than this limit then the amount of value remaining for the other actors
to appropriate becomes lower than their OCs. In such a case those other actors would
be worse off by participating in such an economic relationship and they would be better
off by abstaining from it [29]. This logic describes the paradox of joint value creation
and individual value appropriation within coopetition wherein firms are “cooperating to
create a bigger business ‘pie,’ while competing to divide it up” [13]. Hence, being able
to analyze complementarity is a crucial requirement for managing coopetitive
relationships.

Added value is calculated by subtracting the economic value of the relationship
without the focal actor from the economic value of the relationship with all the actors
[29]. The formulae for calculating added value is denoted in Fig. 2b above the arrows
representing the value transactions from the composite actor, Wintel, to its constituent
actors, Microsoft and Intel. These formulae above the inbound value transaction for
Microsoft/Intel indicate the upper bound on the value that Microsoft/Intel can appro-
priate for itself from Wintel. Thus, added value is a home user’s WP for Windows and
Pentium (i.e., value of the economic relationship with all the actors involved) less that
home user’s WP for Pentium/Windows (i.e., value of the economic relationship
without the focal actor). These formulae also specify the lower bound on the amount of
value that Microsoft/Intel will voluntarily accept as their OCs for Windows/Pentium
respectively.

As this modeling-supported reasoning shows, i* is useful for understanding the
causes of complementarity while e3value is useful for determining the extent of
complementarity. i* and e3value explain different aspects of strategic complementarity
between actors and together they can represent more facets of synergistic value creation
than either of them can depict alone. Specifically, “i* goal models complement the
e3value models by revealing the strategic reasoning (i*) behind the value exchanges
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(e3value)” [25]. Due to such compatibility, i* and e3value have been used jointly to
depict strategic relationships between actors in the scholarly literature [25, 26]. This is
also consistent with the recommendation from Bleistein et al. [32] that, “depending on
the needs, several languages can also be used together in a complementary way”.

The steps for reasoning about the Wintel case can also be applied to analyze the
complementarity between other software businesses and networks such as software
ecosystems. The first step involves the development of actor and goal models using i*
to explain the strategic rationales and strategic dependencies between software busi-
nesses and focal stakeholders. The second step involves comparing these models to
identify the relative impact of each alternative on the satisfaction of stakeholder
requirements. The third step involves the development of e3value models of separate
and joint value constellations of software businesses to measure the magnitude of
complementarity between them. The next section presents an abstraction of the con-
cepts in this section to aid in the reuse of these steps. It focuses on the modeling of the
concepts of value added by an actor in isolation and added value of an actor to a
multi-party economic relationship.

4 A Method for Modeling and Analyzing Strategic
Complementarity and Synergistic Value Creation

4.1 Value Added by an Actor in a Value Chain

Value added is an intuitive concept that is defined by [30] “as revenue minus the cost of
purchased inputs.” Consider Figs. 3a and 3b that show a market in which a consumer
(A1) buys a finished product (O2) from a vendor (A2) and that vendor (A2) procures raw
materials (O1) from a supplier (A3). A2 performs an activity (C1), by applying its
competences and combining its resources, to transform O1 (that it has procured from
A3) into O2. A1 decides to buy O2 from A2 by compensating it with X resources since
O2 is useful for A1. While the following exposition discusses the relationship between
A1 and A2 – such a relationship holds likewise between A2 and A3. This is because, just
as A2 is a vendor that sells O2 to A1 which is its customer – similarly A3 is a vendor
that sells O1 to A2 which is its customer.

Fig. 3a. e3value diagram of A2’s value constellation.
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In this market, two economic factors impose an upper and lower bound on X/Y
respectively. The upper bound is dictated by the customer (A1/A2) while the lower
bound is determined by the vendor (A2/A3) such that X/Y is determined through a
process of bargaining and negotiation between A1/A2 and A2/A3. Figure 3a denotes the
upper/lower bounds in the formula above an arrow representing value exchanges,
which are X and Y, between A1 and A2 as well as A2 and A3 respectively. In this
example the value added by A2 is X – Y. We focus on the relationship between A1 and
A2 to discuss these upper/lower bounds on X but this logic is equally relevant in the
relationship between A2 and A3.

The maximum amount of resources that A1 is willing to pay A2 is less than or equal
to the maximum benefit, utility, or value that A1 can obtain from O2. This upper bound
refers to the concept of ‘willingness to pay’ that was discussed in Sect. 3. This WP is
noted in Fig. 3a as A1WP(O2). A1 is unwilling to pay an amount higher than A1WP
(O2) because doing so would mean that A1 would give away more resources for O2

than what A1 considers it to be worth. Conversely, however, A1 is willing to pay A2 an
amount less than A1WP(O2) for O2 because that would mean that A1 is underpaying A2

by giving away fewer resources for O2 than what A1 considers it to be worth. A rational
and self-interest seeking economic actor is willing to underpay for a resource because
doing so creates a perceived surplus. However, that actor is unwilling to overpay for a
resource because doing so creates a perceived deficit for that actor.

The minimum amount of resources that A2 is willing to accept from A1 is greater
than or equal to the maximum amount of resources that A2 can obtain from O2 through
an alternate use (e.g., selling it to someone else). This lower bound refers to the concept
of ‘opportunity cost’ that was discussed in Sect. 3. This OC is noted in Fig. 3a as
A2OC(O2). A2 is unwilling to accept an amount less than A2OC(O2) because doing so
would mean that A2 would get fewer resources by selling O2 to A1 than it can by
applying it to some other use. Conversely, however, A2 is willing to accept an amount
from A2 that is greater than A2OC(O2) for O2 because that would mean that A2 is
getting more resources for O2 from A1 than it would from the next best alternative use
of O2. Figure 3b shows the structure of such bargaining and negotiating between A1/A2

and A2/A3.

Fig. 3b. i* Strategic Rationale (SR) diagram showing willingness-to-pay and opportunity cost.
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4.2 Added Value of an Actor to a Multi-party Economic Relationship

Added value is different from value added because while the latter represents economic
margin (i.e., difference between revenues and purchased inputs), the former denotes the
worth of a party in a multi-party economic relationship. In the context of a specific
player, added value refers to the “value created by all the players in the vertical chain
minus the value created by all the players in the vertical chain except the one in
question” [29]. Consider Figs. 4a, 4b and 4c that show a market in which a consumer
(A1) buys two products from two vendors – O1 and O2 from A2 and A3 respectively. A1

can use O1 and O2 individually (i.e., without each other) or it can use them jointly (i.e.,
with each other).

Fig. 4a. i* SR diagram of A1 with complementarity between A2 and A3.

Fig. 4b. e3value diagram of A1’s value constellation with separate usage of O1 and O2.
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Figure 4b shows a situation in which A1 consumes O1 and O2 separately while
Fig. 4c shows a situation in which A1 consumes O1 and O2 jointly. Figure 4a shows
both situations. Figure 4a shows the presence of complementarity between O1/A2 and
O2/A3, which is an incentive for A1 to use O1 and O2 jointly rather than separately. In
Fig. 4a, A1 is able to satisfy more objectives by using O1 and O2 together than by using
either O1 or O2 separately. In a situation of complementarity, as depicted in Fig. 4b, it
is not feasible to use the WP of A1 for O1 or O2 as the upper bound on the value that
their respective firms (i.e., A2 and A3) can appropriate from this joint value constel-
lation. Rather, the presence of a surplus from synergy necessitates the calculation of the
added values of A2 and A3 to determine the maximum amount of value that each firm
can appropriate from this joint value constellation.

Complementarity exists in the case of joint usage of O1 and O2 because by using
these products together the home user can satisfy more of its objectives than it can by
using either O1 or O2 separately. Therefore, this home user is willing to pay a greater
amount for the relatively higher utility or benefit that it can obtain this combined
offering than that from using either of these products without the other. This presence
of complementarity is indicated via the greater outbound value flow from the home user
for O1, O2 in Fig. 4c compared to the sum of the outbound value flows from that home
user for O1 and O2 in Fig. 4a. The difference between these value flows can be
regarded as the surplus from synergy because it refers to an amount that is only present
when O1 and O2 are together but is absent when O1 and O2 are separate.

The amounts of value, X and Y, that can be appropriated by actors, A2 and A3, is
specified as a range because X and Y are dependent on each other. Since the total value
that can be appropriated by all the actors is fixed, A1WP(O1, O2), then the more/less
amount of value that is appropriated by an actor, A2/A3, reduces/increases the amount
of value that is remaining for appropriation by another actor, A3/A2. As discussed in
Sect. 3, if an actor, A2/A3, appropriates a greater amount of value than their added
value then another actor, A3/A2, will only be able to appropriate an amount of value
less than their opportunity cost. The presence as well as the magnitude of comple-
mentarity can be expressed and explained by using i* and e3value together in this way.

Fig. 4c. e3value diagram of A1’s value constellation with complementarity between A2 and A3.

Modeling Strategic Complementarity and Synergistic Value Creation 95



5 Conclusions and Future Work

In this paper, we proposed a modeling technique and method for articulating and
analyzing strategic complementarity to aid in the understanding of business models and
strategies of software businesses. The modeling technique offered by this paper is
useful for understanding the presence of complementarity as well as the magnitude of
synergy effects. We used an industrial case study from the literature to test our mod-
eling method as well as to elicit decontextualized patterns to explain strategic com-
plementarity. To further test the technique, we are conducting case studies in enterprise
settings as well as in ecosystems and startup-ups.
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