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Abstract. In order to serve a lot of diﬀerent customers in a SaaS environment, software vendors have to comply to a range of diﬀerent varying requirements in their software product. Because of these varying
requirements and the large number of customers, a variable multi-tenant
solution is needed to achieve this goal. This paper gives a pragmatic
approach to the concepts of multi-tenancy and variability in SaaS environments and proposes three architectural patterns that support variability in multi-tenant SaaS environments. The Customizable Data Views
pattern, the Module Dependent Menu pattern and the Pre/Post Update
Hooks pattern are explained and shown as good practices for applying
variability in a multi-tenant SaaS environment. All patterns are based on
case studies performed at two large software vendors in the Netherlands
who are oﬀering an ERP software product as a service.
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1

Introduction

Increasingly, product software vendors want to oﬀer their product as a service
to their customers [1]. This principle is referred to in literature as Software as a
Service (SaaS) [2]. Turning software into a service from a vendor’s point of view
means separating the possession and ownership of software from its use. Software
is still maintained and deployed by the vendor, but used by the customer. The
problem of moving a software product from diﬀerent on-premises locations to one
central location, is the fact that it becomes really diﬃcult to comply to speciﬁc
customer wishes. In order to serve diﬀerent customers’ wishes, variability in
a software product is needed to oﬀer speciﬁc functionality. By making use of
variability in a software product, it is possible to supply software functionality
as optional modules, that can be added to the product at runtime. Applying
this principle can overcome many current limitations concerning software use,
deployment, maintenance and evolution in a SaaS context [3]. It also reduces
support costs, as only a single instance of the software has to be maintained [4].
Besides complying to speciﬁc customer requirements, a software vendor should
be able to oﬀer a service to a large number of customers, each with their own
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requirement wishes, without running into scalability and conﬁguration problems [5]. The solution to this problem is the use of multi-tenancy within a SaaS
product. Multi-tenancy can be seen as an architectural design pattern in which
a single instance of a software product is run on the software vendors infrastructure, and multiple tenants access the same instance [6]. It is one of the key competencies to achieve higher proﬁt margins by leveraging the economy of scale [7].
In contrast to a model incorporating multiple users, multi-tenancy requires customizing the single instance according to the varying requirements among many
customers [8]. Currently, no well documented techniques are available on how to
realize the variability needed in multi-tenant SaaS environments.
First the research method is discussed in section 2, after which the most important concepts in this paper will be explained and discussed in section 3. Then,
the trade-oﬀ between the level of variability needed and the number of customers
is discussed in section 4, followed by three architectural design patterns for variability in SaaS product in section 5. The paper ends with a conclusion and future
research in section 6.

2

Research Method

In this research, the variability realization techniques (VRTs) currently described
in literature and in place in large SaaS providers are observed. In order to do this,
a thorough literature study has been performed, in which the combinations of
variability, saas and variability, multi-tenancy were used as keywords in Google
Scholar1 . The VRTs discussed in the papers having the previous mentioned
keywords in their title or abstract were collected and patterns in those patterns
were put in a pattern database. A total of 27 papers was collected this way.
Besides the literature study, two independent case studies were performed at
large ERP providers who recently launched their enterprise resource planning
(ERP) software as a service through the Internet (refered to as ErpCompA and
ErpCompB from here on). ErpCompA has a turnover of around 250 million
euros and around 20,000 users using their online product, while ErpCompB has
a turnover of around 50 million euros and around 10,000 users. The case studies
were performed using the case study research approach by Yin [9].
The VRTs are presented as architectural design patterns and created based
on the Design Science principles of Hevner [10], in which a constant design
cycle consisting of the construction and evaluation of the VRTs takes place.
The initial model is constructed using a exploratory focus group (EFG) [11],
consisting out of participants from academia and the case companies, and a
systematic literature review [12]. The focus group has been carefully selected
and all participants have experience in the area of variable multi-tenant SaaSenvironments. Additional validation of the VRTs was done conducting interviews
with software architects within the two case companies [13].
1

Google Scholar (www.scholar.google.com indexes and searches almost all academic
publishers and repositories world-wide.
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Related Work and Deﬁnitions

To explain the multi-faceted concepts used in this paper, this section will discuss
multi-tenancy, design patterns and variability in more depth. The deﬁnition
proposed are meant to enable researchers to have one shared lexicon on the
topic of multi-tenancy and variability.
Multi-tenancy
Multi-tenancy can be deﬁned as the ability to let diﬀerent tenants “share the
same hardware resources, by oﬀering them one shared application and database
instance, while allowing them to conﬁgure the application to ﬁt their needs as
if it runs on a dedicated environment” [5]. A tenant refers to an organization or
part of an organization with their own speciﬁc requirements, renting the software
product. We deﬁne diﬀerent levels of multi-tenancy:
– Data Model Multi-tenancy: All tenants share the same database. All
data is typically provided with a tenant speciﬁc GUID in order to keep
all data separate. Even better is native support for multi-tenancy in the
database management system [14].
– Application Multi-tenancy: Besides sharing the same database, all tenants also share the same instance of the software product. In practice, this
could also mean a couple of duplications of the same instance, coupled together with a tenant load balancer [8].
– Full Multi-tenancy: All tenants share the same database and software
instances. They can also have their own variant of the product, based on
their tenant requirements. This level of multi-tenancy adds variability to the
software product.
All items above are sorted on ascending implementation complexity.
Variability
The concept of variability comes from the car industry, in which diﬀerent combinations of for example chassis, engine and color were deﬁned as diﬀerent variants. In software the concept is ﬁrst introduced in the area of software product
lines [15], in which variability is deﬁned as “the ability of a software system or
artefact to be eﬃciently extended, changed, customized or conﬁgured for use in
a particular context” [16]. Within the area of software product lines, software is
developed by the software vendor and then shipped to the customer to be run
on-premises. This means variants have to be compiled before product shipping.
Within the area of Software-as-a-Service, software is still developed by the software vendor, but the product is served to all customers through the internet from
one central place [3,8]. In principle, all variants can be composed the moment
customers ask for some speciﬁc functionality, so at run-time.
We identify two diﬀerent types of variability within multi-tenant SaaS
deployments:
– Segment Variability: Product variability based on the segment a tenant is
part of. Examples of such variability issues are diﬀerent standard currencies
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or tax rules per country or a diﬀerent layout for SMEs and sole proprietorships.
– Tenant-oriented Variability: Product variability based on the speciﬁc
requirements of a tenant. Examples of such variability issues are diﬀerent
background colors or speciﬁc functionality.
We also identify diﬀerent levels of variability in tenant oriented variability:
– Low: Look and Feel: Changes only inﬂuencing the visual representation
of the product. These changes only occur in the presentation tier (tier-based
architecture [17]) or view element (MVC-base architecture [18]). Examples
include diﬀerent background colors or diﬀerent element sorting in lists.
– Medium: Feature: Changes inﬂuencing the logic tier in tier-based architecture or the model or controller element in a MVC-based architecture.
Examples include the changes in workﬂow or the addition of speciﬁc functionality.
– High: Full: Variability of this level can inﬂuence multiple tiers at the same
time and can be speciﬁc. Examples of this level of variability includes the
ability for tenant to run their own program code.
The scope of this research is focussed on runtime tenant-oriented low and medium
variability in multi-tenant SaaS deployments.
Design Patterns
The concept of patterns was ﬁrst introduced by Christopher Alexander in his
book about the architecture of towns [19]. This concept was quickly picked up
in the software engineering world and led to the famous ‘Gang of Four’ pattern
book by Gamma et al. [20]. This book describes several patterns that are still
used today and does this in a way that inspired a lot of subsequent pattern authors. The deﬁnition of a pattern used in this paper originates from the Pattern
Oriented Software Architecture series [21,22,23,24,25] and reads: “A pattern for
software architecture describes a particular recurring design problem that arises
in speciﬁc design contexts, and presents a well-proven generic scheme for its solution. The solution scheme is speciﬁed by describing its constituent components,
their responsibilities and relationships, and the ways in which they collaborate.”
Patterns are not artiﬁcially created artifacts, but evolve from best practices
and experiences. The patterns described in this paper result from several case
studies and discussions with experienced software architects. All patterns have
proven to be a suitable solution for the problems described in section 5, since they
are applied in successful SaaS products at our case companies. Also, all patterns
are described language or platform independent, so the solution can be applied
in various situations in the Software-as-a-Service domain. More information on
future research concerning the patterns proposed can be found in section 6.
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User-Variability Trade-oﬀ
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The best solution for deploying a software product from a software vendor’s perspective depends on level of resources shared and the level of variability needed
to keep all users satisﬁed. In ﬁgure 1 four deployment solutions are introduced,
that are considered best practices in the speciﬁc situations shown. In this section,
the need for multi-tenant deployment models is explained.

SPL
Solution

Need for Variability
Fig. 1. Level of variability versus Number of users

By using the model shown in ﬁgure 1, software vendors can determine the
best suited software deployment option. On the horizontal axis, the need for
variability in a software product is depicted and the number of customers is
shown on the vertical axis. For a small software vendor who does not have
a lot of customers with speciﬁc wishes, a standard custom software solution
is suﬃcient. The more customers software vendors get (business growth), the
higher the need for a standard multi-tenant solution because of the advantages
in maintenance. When the amount of speciﬁc customer wishes grows, software
vendors can choose the software product line (SPL) approach to create variant
for all customers having speciﬁc requirements. This solution can lead to a lot of
extra maintenance issues as the number of customers grows. In case of a large
number of customers having speciﬁc requirements, a configurable multi-tenant
solution is the best solution for software vendors, keeping an eye on performance
and maintenance.

5

Variability Patterns

In this section three patterns are described that were observed in the case studies that were conducted. The patterns are designed based on patterns observed
within the case companies’ software product, extended by patterns already documented in literature [20,16]. All patterns will be explained by an UML-diagram,
together with descriptive topics proposed by Buschmann et al. [24] and Gamma
et al. [20]
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5.1

Customizable Data Views

In this section, a variability pattern is discussed, enabling developers to give
tenants a way to indicate their preferences on the representation of data within
the software product.

UserSettings
+UserID
+SortOrder
+FilterItems
+FontSize
+FontColor
+AttributeN

DataRepresentation
+ﬁlterData()
+sortData()
+xData()

0.* uses

0.*

FunctionalComponent
+ﬁlter()
+sort()

0.*
uses
1
DataComponent
+storeSetting(userID,setting)
+retrieveSetting(userID,setting)

Fig. 2. Customizable Data Views Pattern

Intent - To give the tenant the ability to indicate and save his preferences on
the representation of data shown.
Motivation - In a multi-tenant solution it is important to give tenants the feeling they can customize the product the way they want it. This customizability
is most relevant in parts of the product where data is presented to the tenant.
Solution - In this variability pattern (cf. ﬁgure 2), the representation of data is
performed at client side. Tenants can for example choose how they want to sort
or ﬁlter their data, while the data-queries do not have to be adapted. The only
change needed to a software product is the introduction of tenant-speciﬁc representation settings. In this table, all preferred font colors, sizes and sort option
can be stored in order to retrieve this information on other occasions to display
the data again, according to the tenant’s wishes.
Explanation - As can be seen in the UML representation of the pattern in ﬁgure 2, the DataRepresentation class can manipulate the appearance of all data
by making use of a FunctionalComponent able of sorting, ﬁltering, etcetera. All
settings are later stored by a DataComponent in a speciﬁc UserSettings table.
Settings can later be retrieved by the same DataComponent, to be used again
by the DataRepresentation class and FunctionalModule.
Consequences - By implementing this pattern, one extra table has to be implemented. Nothing changes in the way data selection queries have to be formatted.
Representation of all data has to be formatted in a default way, except if a tenant changes this default way and stores his own preferences.
Example - In a bookkeeping program, a tenant for example, can decide what
columns he wants to display and how he wants to order them. By clicking the
columns he wants to display, his preferences are saved in the database. When
the tenant uses the product again later, his preferences are fetched from the
database and applied to his data.
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Module Dependent Menu

This section describes a pattern to create dynamic menus, based on the modules
associated to a tenant.
uses

0.*

Menu

0.1

+addButton()
+checkModule(moduleID)

ModuleChecker
+checkModuleID(moduleID)
+checkUserID(userID)

UserModules
+userID
+moduleID

0.*
0.*
Button
+image
+description
+link
+mandatoryModule = moduleID

0.*

links to

0.*

Module
+moduleID
+functionA()
+functionB()
+functionN()

Fig. 3. Module Dependent Menu

Intent - To provide a custom menu to all tenants, only containing links to the
functionality relevant to the tenant.
Motivation - Since all tenants have speciﬁc requirements to a software product,
they can all use diﬀerent sets of functionality. Displaying all possible functionality in the menu would decrease the user experience of tenants, so menus have
to display only the functionality that is relevant to the tenant.
Solution - The pattern proposed (cf. ﬁgure 3), creates a menu out of diﬀerent
buttons based on the modules associated to the tenant. Every time a tenant
displays the menu, the menu is built dynamically based on the modules he has
selected or bought.
Explanation - The Menu class aggregates and displays diﬀerent buttons, containing a link a speciﬁc module and the prerequisite for displaying this link
(mandatoryModule). The selection of buttons is done, based on the results of
the ModuleChecker. This class checks whether an entry is available in the UserModules table, containing both the ID of the tenant (user) and the mandatory
module. If an entry is present, the Menu aggregates and displays the button
corresponding to this module.
Consequences - To be able to use this pattern, an extra table containing user
IDs and the modules available to this user has to be implemented. Also, the
extra class ModuleChecker has to be implemented. All buttons do need a notion
of a mandatory module that can be checked by the ModuleChecker to verify if
a tenant wants or can have a link to the speciﬁc functionality.
Example - In a large bookkeeping product, containing several modules that can
be bought by a tenant, the menus presented to the tenant can be dynamically
composed based on the tenant’s license.‘
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5.3

Pre/Post Update Hooks

In this section a pattern is described, capable of implementing modules just
before or after a data update.

PreComponent

PostComponent

+attributeA
+attributeB
+attributeN

+attributeA
+attributeB
+attributeN

+operationA()
+operationB()
+operationN()

+operationA()
+operationB()
+operationN()

0.*

UserModules

0.*

+userID
+moduleID
implements

0.*
BusinessComponent
+update(void)

0.*

calls

1

FunctionalComponent

1 uses

+update()
+preProcess(userID,componentID)
+postProcess(userID,componentID)

0.*

ComponentChecker
+checkModuleID()
+checkUserID()

0.*
calls
1
DataComponent
+updateData()

DataTable
+xData
+yData
+zData

Fig. 4. Pre- Post Update Hooks

Intent - To provide the possibility for tenants to have custom functionality just
before or after an event.
Motivation - In business oriented software, workﬂows often diﬀer per tenant.
To let the software product ﬁt the tenants business processes best, extra actions
could be made available to tentants before or after an event is called.
Solution - The pattern introduced here (cf. ﬁgure 4), makes use of a component
able of calling other components before and after the update of data. The tenantspeciﬁc modules are listed in a separate table, similar to the pattern described
in section 5.2.
Explanation - Before the FunctionalComponent calls the BusinessComponent
in order to perform an update, the ComponentChecker is used to check the
UserModules table if a tenant wants and may implements an extra component
before the update is performed. After this, the BusinessComponent is called
and the update is performed. The DataComponent takes care of the writing of
data to a speciﬁc data table. After this, the ComponentChecker again checks the
UserModules table and a possible PostComponent is called.
Consequences - Extra optional components have to be available in the software
system in order to be able to implement this pattern. The amount and type of
components available depends on the tenants’ requirements.
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Example - In a bookkeeping program, tenants can choose, whether they want
to update a third party service as well by using a component that uses the API
of a third party service to make changes there. If so, the FunctionalComponent
can call the third party communicator after an internal update is requested.

6

Conclusion and Future Research

This paper gives a classiﬁcation of diﬀerent types of multi-tenancy and variability, enabling researchers to have one shared lexicon. Satisfying the need for a
pragmatic overview on how to comply to the speciﬁc requirements of large numbers of customers, while keeping a product scalable and maintainable, this paper
showed an introduction to the concept of variability in multi-tenant Softwareas-a-Service solutions and presented three patterns gathered from industry case
studies. By applying these patterns, companies can better serve customers and
keep their software product maintainable and scalable. All three patterns are
proven to be eﬀective within the case companies and are reviewed by experts
from the case companies, but still need to be analyzed more in terms of performance and eﬀectiveness.
More VRTs still have to be identiﬁed and the eﬀectiveness, maintainability,
scalability and performance of all VRTs still has to be tested in future research.
Currently a preliminary VRT evaluation model and testbed are being developed
enabling researchers to test all identiﬁed VRTs and draw conclusions on their
eﬀectiveness. Also more case companies from other domains will be examined,
enabling us to identify and test more VRTs.
Acknowledgment. This research is part of the Product as a Service project.
Thanks goes to both case companies and their helpful architects, experts and
developers.
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