
Appendix
The current appendix summarizes the results of the systematic literature

review performed in the context of the article “Quality Attributes Use in
Architecture Design Decision Methods: Research and Practice” in the form of
informative tables. In particular, it contains the list of selected papers along
with the corresponding publication venue and year as well as the detailed
evaluation of each of the selected approaches and tools with respect to the
three research questions analyzed in the article.
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Publication Tool/Approach Name Venue Year

Kishi et al. [1] - APSEC 2001
Rosa et al. [2] Parmenides SAC 2001
Bachmann et al. [3] - STRAW 2003
Chung et al. [4] Proteus Computer Standards & Inter-

faces
2003

Svahnberg et al. [5] UML4PF IJSEKE 2003
Al-Naeem et al. [6] ArchDesigner ICSE 2005
Choi et al. [7] AQUA FMOODS 2006
Tibermacine et al. [8] - CBSE 2006
Babar and Gorton [9] PAKME SHARK 2007
Harrison and Avgeriou [10] - ECSA 2007
Zdun [11] - Software Practice & Experience 2007
Zimmermann et al. [12] RADM QoSA 2007
Babar and Capilla [13] PAKME MARK 2008
Cui et al. [14] - WICSA 2008
Makki et al. [15] ADD+ ECSA 2008
Zimmermann et al. [16] ArchPad WICSA 2008
de Boer et al. [17] AURES WICSA/ECSA 2009
Bode and Riebisch [18] - ECSA 2010
Xu et al. [19] - UIC-ATC ’10 2010
Alebrahim et al. [20] - APSEC 2011
Kassab et al. [21] - SERA 2011
Dermeval et al. [22] STREAM-ADD COMPSAC 2012
van Heesch et al. [23] - WICSA/ECSA 2012
Shen et al. [24] QuOnt COMPSAC 2012
Lytra et al. [25] ADvISE ECSA 2013
Nowak and Pautasso [26] Software Architecture Ware-

house
ECSA 2013

Ameller and Franch [27] ArchiTech (Quark Method) CLEI electronic journal 2014
Lopes Silva et al. [28] - SAC 2015
Lytra et al. [29] CoCoADvISE SESoS 2015
Saadatmand and Tahvili [30] - ITNG 2015
Me et al. [31] - QRASA 2016
Monteserin et al. [32] DesignBots PAMS 2017
Carrillo and Capilla [33] - ECSA 2018
Malakuti et al. [34] - ECSA 2018
Sedaghatbaf and Abdol-
lahi Azgomi [35]

SQMETool Software and Systems Modeling 2018

Schneider et al. [36] Extension of Palladio and
PerOpteryx

ECSA 2018

Table 1: List of papers included in the systematic literature review. The selected
papers are listed along with the publication year and venue as well as the name of the
method or tool used for architecture decision making and documentation. The majority
of the publications (28) are from the years 2007–2018 which gives an indication of the
increasing interest of the software architecture community in ADDs in recent years. In
most of the cases, the proposals are accompanied by tools for software architects. More
specifically, we analyzed 29 tools for decision making, 2 for decision documentation, and
5 for both tasks (see also 2).
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Publication Appearance
of QAs

Relationships
ADDs-QAs

Evaluation of ADDs
with QAs and QAs us-
ing ADDS

Kishi et al.[1] Decision-Making Explicit Fully used for evaluation
Rosa et al.[2] Decision-Making Not explicit Not supported
Bachmann et al.[3] Decision-Making Explicit Fully used for evaluation
Chung et al.[4] Decision-Making Explicit Fully used for evaluation
Svahnberg et al.[5] Decision-Making Not explicit Partially used
Al-Naeem et al.[6] Decision-Making Explicit Fully used for evaluation
Choi et al.[7] Both Explicit Fully used for evaluation
Tibermacine et al.[8] Documentation Explicit Fully used for evaluation
Babar and Gorton[9] Both Supported but not

explicit
Partially used

Harrison and Avgeriou[10] Decision-Making Supported but not
explicit

Fully used for evaluation

Zdun[11] Decision-Making Explicit Fully used for evaluation
Zimmermann et al.[12] Decision-Making Explicit Partially used
Babar and Capilla[13] Decision-Making Explicit Fully used for evaluation
Cui et al.[14] Decision-Making Explicit Fully used for evaluation
Makki et al.[15] Decision-Making Explicit Fully used for evaluation
Zimmermann et al.[16] Decision-Making Explicit Not supported
de Boer et al.[17] Decision-Making Explicit Fully used for evaluation
Bode and Riebisch[18] Decision-Making Explicit Fully used for evaluation
Xu et al.[19] Decision-Making Explicit Not supported
Alebrahim et al.[20] Decision-Making Not explicit Not supported
Kassab et al.[21] Decision-Making Not explicit Partially used
Dermeval et al.[22] Both Explicit Partially used
van Heesch et al.[23] Documentation Explicit Fully used for evaluation
Shen et al.[24] Decision-Making Explicit Not supported
Lytra et al.[25] Both Supported but not

explicit
Not supported

Nowak and Pautasso[26] Decision-Making Supported but not
explicit

Not supported

Ameller and Franch[27] Decision-Making Explicit Fully used for evaluation
Lopes Silva et al.[28] Decision-Making Explicit Fully used for evaluation
Lytra et al.[29] Both Explicit Fully used for evaluation
Saadatmand and Tahvili[30] Decision-Making Not explicit Partially used
Me et al.[31] Decision-Making Explicit Fully used for evaluation
Monteserin et al.[32] Decision-Making Explicit Fully used for evaluation
Carrillo and Capilla [33] Decision-Making Not explicit Not supported
Malakuti et al. [34] Decision-Making Explicit Fully used for evaluation
Sedaghatbaf and Abdol-
lahi Azgomi [35]

Decision-Making Explicit Fully used for evaluation

Schneider et al. [36] Decision-Making Explicit Fully used for evaluation

Table 2: Evaluation of selected approaches with respect to RQ1. The following
aspects are being studied: 1) Appearance of QAs (in decision making, documentation or
both processes; 2) Support for relationships between ADDs and QAs (i.e., whether they
are described explicitly or not); 3) Support for evaluation of ADDs using QAs and vice
versa with possible values “not supported”, “not indicated”, “partially used”, “captured but
not used”, and “fully used for evaluation”.
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Publication QA Uncertainty QA Interdependencies QA Trade-offs

Kishi et al.[1] ∎ ◻ ∎

Rosa et al.[2] ◻ ∎ ◻

Bachmann et al.[3] ◻ ◻ ◻

Chung et al.[4] ◻ ∎ ∎

Svahnberg et al.[5] ◻ ∎ ∎

Al-Naeem et al.[6] ◻ ∎ ∎

Choi et al.[7] ◻ ◻ ◻

Tibermacine et al.[8] ◻ ◻ ◻

Babar and Gorton[9] ◻ ◻ ∎

Harrison and Avgeriou[10] ◻ ◻ ◻

Zdun[11] ∎ ◻ ∎

Zimmermann et al.[12] ◻ ◻ ∎

Babar and Capilla[13] ◻ ∎ ∎

Cui et al.[14] ◻ ◻ ∎

Makki et al.[15] ◻ ∎ ∎

Zimmermann et al.[16] ◻ ◻ ∎

de Boer et al.[17] ◻ ∎ ∎

Bode and Riebisch[18] ∎ ∎ ◻

Xu et al.[19] ◻ ◻ ◻

Alebrahim et al.[20] ◻ ◻ ◻

Kassab et al.[21] ∎ ◻ ◻

Dermeval et al.[22] ◻ ◻ ∎

van Heesch et al.[23] ∎ ◻ ◻

Shen et al.[24] ◻ ∎ ∎

Lytra et al.[25] ◻ ◻ ◻

Nowak and Pautasso[26] ◻ ◻ ∎

Ameller and Franch[27] ∎ ◻ ∎

Lopes Silva et al.[28] ◻ ∎ ∎

Lytra et al.[29] ∎ ∎ ◻

Saadatmand and
Tahvili[30]

∎ ∎ ∎

Me et al.[31] ◻ ◻ ◻

Monteserin et al.[32] ◻ ◻ ∎

Carrillo and Capilla [33] ◻ ◻ ◻

Malakuti et al. [34] ◻ ◻ ◻

Sedaghatbaf and Abdol-
lahi Azgomi [35]

∎ ∎ ∎

Schneider et al. [36] ∎ ∎ ∎

Table 3: Evaluation of selected approaches with respect to RQ2. blueThe QA-
related challenges that are addressed in existing tools and methods for architecture decision
making and documentation are the following: 1) QA Uncertainty: Uncertainty is caused
by vague, incomplete, or imprecise information about QAs of design solutions and require-
ments. An approach that supports dealing with uncertainty provides means for expressing
and/or resolving QA uncertainty; 2) QA Interdependencies: QAs may have positive or
negative impact on other QAs. Apart from that, prioritization of QAs is often considered
in architecture decision making; 3) QA Trade-offs: Making ADDs is essentially the result
of making trade-offs between competing requirements and stakeholders’ concerns. Full
boxes indicate support while empty boxes lack of support.
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Publication Automation
Level

Method used for Trade-offs

Kishi et al.[1] Semi-automatic Architectural design technique consisting of multiple
steps considering multiple quality attributes

Chung et al.[4] Manual A trade-off analysis leads to the selection among the com-
peting design patterns, hence among the alternative ar-
chitectures

Svahnberg et al.[5] Automatic Analytic Hierarchy Process is used to prioritize software
architecture structures with respect to a quality attribute

Al-Naeem et al.[6] Semi-automatic Analytic Hierarchy Process is used to calculate value
scores for design alternatives considering their impact on
QAs and the stakeholders’ preferences

Babar and Gorton[9] Manual Trade-offs are achieved by reusing pattern-based AK in
elicited scenarios

Zdun[11] Manual Visual structures similar to QOC structures are used
Zimmermann et al.[12] Manual See RADM
Babar and Capilla[13] Manual Trade-offs are supported with the aid of utility trees
Cui et al.[14] Manual Architects select from synthesized architecture solutions

according to their pros and cons with respect to FRs and
NFRs

Makki et al.[15] Semi-automatic The process of stakeholders’ preference elicitation and
architecture decision making are formalized as a multi-
attribute decision problem

Zimmermann et al.[16] Manual Reusable decision models are mainly based on patterns,
and patterns are considered to provide trade-offs between
QAs. In addition, trade-offs are supported by SWOT
analysis tables and QOC diagrams

de Boer et al.[17] Semi-automatic Partial ordering is used to calculate scores for QAs based
on QA prioritization and QA dependencies

Dermeval et al.[22] Manual QA trade-offs are made by considering the fulfillment and
the priorities of softgoals and NFRs with regard to the
design options

Shen et al.[24] Automatic A SAT solver is used for resolving trade-offs
Nowak and Pautasso[26] Manual Trade-offs are made in a group discussion after voting on

the advantages/disadvantages of alternative design solu-
tions

Ameller and Franch[27] Semi-automatic Trade-offs are made by solving a constraint satisfaction
problem based on constraints posed by required qualities
and QA priorities

Lopes Silva et al.[28] Semi-automatic QA trade-offs are made with the aid of an Expert System
Saadatmand and
Tahvili[30]

Automatic TOPSIS, a fuzzy optimization method for multi-criteria
decision analysis is used

Monteserin et al.[32] Manual Trade-offs are made after a systematic exploration of the
design alternatives

Sedaghatbaf and Abdol-
lahi Azgomi [35]

Automatic Calculation of trade-offs is considered as MCDM problem
(use of TOPSIS techique)

Schneider et al. [36] Automatic Calculation of Pareto-optimal results

Table 4: List of approaches supporting QA trade-offs. Three values are available for
describing the automation level (manual, semi-automatic, automatic); for each approach
the corresponding method used for performing QA trade-offs is summarized. From the 21
approaches under study which support QA trade-offs only 5 provide automatic support
while the majority (10) describe a manual process for making trade-offs.
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Publication Size & Scope of Design Space Evaluation Method

Kishi et al.[1] 6 design decisions Case Study: on-board system for ITS
systems

Bachmann et al.[3] > 10 tactics Garage Door Example
Chung et al.[4] 3 patterns and 6 tactics Example: Home Appliance Controller
Svahnberg et al.[5] 3 alternative architectures Case study with Swedish company
Al-Naeem et al.[6] 19 design decisions Case study: Glass Box project
Choi et al.[7] 8 design decisions Example: House Alarm System
Tibermacine et al.[8] 6 design decisions Motivating example: Museum Access

Control System – Tested tool with in-
dustrial project

Zdun[11] Pattern language on distributed object
middleware (<10 design patterns)

Example Case Study: Remoting pat-
terns – asynchronous invocation pat-
terns. Evaluation with 4 industrial
case studies

Zimmermann et al.[12] 160 SOA decisions Web services projects
Babar and Capilla[13] Not indicated Airborne Mission Systems
Cui et al.[14] 48 potential decisions Case Study: Commanding Display

System
Makki et al.[15] Not indicated Case Study: Garage Door Example
Zimmermann et al.[16] 300 SOA design decisions Case Study from the finance industry
de Boer et al.[17] 11 design decisions Example: fictional HRM system
Bode and Riebisch[18] 15 architectural patterns Case Study: Collective Ordering Sys-

tem
Alebrahim et al.[20] Not indicated Case Study: Chat application
Kassab et al.[21] 4 architectural styles considered Not indicated
Dermeval et al.[22] 2 alternatives (MVC vs Layers) for the

architecture of a component
Motivating example: BTW system

van Heesch et al.[23] 4 decisions are reported with 7 alterna-
tives in total

3 case studies

Shen et al.[24] Few alternative decisions for adaptation
(2 cases)

Train ticket booking system

Lytra et al.[25] Design patterns for service-based plat-
form integration (<10)

Case Study from the industry automa-
tion domain

Nowak and
Pautasso[26]

100 design issues (5 alternatives each) Focus group

Ameller and Franch[27] 1 design decision Motivating example: DBMS selection
Lopes Silva et al.[28] 2 architectural styles Learning Management System
Lytra et al.[29] 12 architectural decisions Smart city ecosystems case study
Saadatmand and
Tahvili[30]

12 feature alternatives Motivating example: NFR model of a
mobile phone

Monteserin et al.[32] 9 architectural tactics Case study: Battlefield Control Sys-
tem

Carrillo and Capilla
[33]

2 sample decision networks (101/70 and
75/50 nodes/relationships respectively.
61 ADDs in total.

Case study in service-based platform
integration

Sedaghatbaf and Ab-
dollahi Azgomi [35]

9 decision points considered for the ar-
chitectural model in total

Case study on a building surveillance
(BS) system

Schneider et al. [36] 22 and 9 Pareto-optimal architecture
candidates for Case Study 1 and 2 re-
spectively.

Case studies (Business Reporting Sys-
tem, Remote Diagnostic Solution)

Table 5: Evaluation of selected approaches with respect to RQ3. For each of
the approaches the size and scope of the design space in terms of ADDs as well as the
evaluation method used (e.g., case study) are indicated.
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