
 

 

 University of Groningen

Architectural assumptions and their management in software development
Yang, Chen

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2018

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Yang, C. (2018). Architectural assumptions and their management in software development. [Thesis fully
internal (DIV), University of Groningen]. Rijksuniversiteit Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/7901a59d-658f-4423-b5aa-e1e769f19aeb


 

 17 

Chapter 2  Assumptions and their 
Management in Software Development: 
A Systematic Mapping Study 

[Based on: C. Yang, P. Liang, and P. Avgeriou. Assumptions and their 
management in software development: A systematic mapping study. 
Information and Software Technology, 94(2): 82-110, 2018.] 

Abstract 

Context: Assumptions are constantly made by stakeholders or 
generated automatically in software development. However, there is 
a lack of systematic analysis and comprehensive understanding of the 
research and practice regarding assumptions and their management. 
Objective: This chapter aims to explore and analyze the state of the 
art on assumptions and their management in software development.  

Method: A systematic mapping study that covers the literature from 
January 2001 to December 2015 on assumptions and their 
management in software development.  

Results: 134 studies were included: (1) The studies were published in 
94 venues, which indicates that assumptions and their management 
has been a broad topic in software engineering. (2) Only 21 studies 
defined the assumption concept. (3) Most assumptions are made for 
or related to the artifacts in requirements engineering and software 
design, which demonstrates that assumptions should be managed 
from the early phases of software development. (4) Much effort has 
been put on Assumption Making, Description, and Evaluation, while 
Assumption Maintenance received moderate attention. More than 
half of the tools identified aim to support assume-guarantee 
reasoning. For the other tools, most of them can be used to support 
Assumption Description. (5) All the identified types of stakeholders 
are involved in Assumption Making, followed by Evaluation and 
Description. Stakeholders involved in requirements engineering, 
software design, and software construction play a central role in 
assumption management. (6) The main challenge is the difficulty of 
performing assumption management activities in software 
development. (7) The identified assumption management approaches, 
tools, benefits, and lessons learned are limited to their specific 
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contexts (e.g., context of use). (8) Most of the negative consequences 
are caused by invalid or implicit assumptions.  

Conclusions: This chapter provides researchers and practitioners 
with a reflection of the past fifteen years of research and practice on 
assumptions and their management in software development. 

2.1 Introduction 
Given the importance of assumptions and their management in software 

development, there is a need for systematic analysis and comprehensive 
understanding of the research and practice regarding this topic. To the best of our 
knowledge, there is no such systematic review. Mamun and Hansson [47] 
conducted a review of assumptions in software development, but the review was 
based on their knowledge without following a systematic approach (e.g., to search 
and select the related studies) [17]. To fill this gap, we conducted a systematic 
mapping study to explore available evidence as well as spot gaps regarding nine 
aspects of assumptions and their management (see Section 2.2 for more details). 
This chapter provides researchers and practitioners with a reflection of the past 
fifteen years of research and practice on this topic. 

The rest of the chapter is structured as follows. Section 2.2 introduces the 
context of the SMS, while Section 2.3 describes the SMS design. The answers to 
each research question (RQ) are provided in Section 2.4. Section 2.5 and Section 2.6 
discuss the results and the threats to the validity respectively. Section 2.7 
concludes this chapter. 

2.2 Context 
The core concepts of this SMS are assumptions and their management in 

software development. This section first introduces assumptions regarding their 
characteristics and classifications as well as the relations between assumptions and 
other types of software artifacts. Then it elaborates on assumption management 
based on several aspects. 

(1) Characteristics of assumptions 

Every assumption has uncertainty. Uncertainty is an important criterion to 
judge whether a piece of information is an assumption. As also supported by other 
chapters (e.g., in Chapter 3), we found that the assumption concept is subjective 
(e.g., whether a piece of information is an assumption), which is a major reason 
that stakeholders may have different understandings of the assumption concept. 
For example, Lago and van Vliet [34] mentioned that it is difficult to draw the line 
between architectural assumptions, requirements, and constraints. Furthermore, 
though stakeholders can understand the assumption concept, they rarely use the 
“assumption” term in their work (e.g., see Chapter 3). Instead, they mix 
assumptions with other types of software artifacts, such as requirements, design 
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decisions, and risks (e.g., see Chapter 3). Assumptions have a dynamic nature, i.e., 
they can evolve over time [7]. For example, during software development, a valid 
assumption can turn out to be invalid or vice versa, or an assumption can 
transform to another type of software artifact or vice versa. Furthermore, 
assumptions are context dependent (e.g., see Chapter 3). For example, the same 
assumption could be valid in one project, while invalid in another project because 
the context changes; or an assumption in one project is not an assumption in 
another project. The dynamic and context dependent nature could be one reason 
that not-well managed assumptions lead to a multitude of problems in software 
development. As an example, the reuse of an assumption from ARIANE 4, which 
was not valid in ARIANE 5, led to the ARIANE 5 disaster [54]. 

(2) Classifications of assumptions 

There are various classifications of assumptions in software development. For 
example, Garlan et al. [9] classified assumptions that can lead to architectural 
mismatch into four types: the nature of the components, the nature of the 
connectors, the global architectural structure, and the construction process 
(development environment and build). Lago and van Vliet [51] classified 
architectural assumptions as technical, organizational, and management 
assumptions. However, most of the existing classifications are related to a limited 
set of assumptions (e.g., the classification proposed by Garlan et al. is only for 
architectural assumptions). To the best of our knowledge, there is no general 
classification of assumptions in software development (e.g., based on software 
development activities).  

(3) Assumptions and other types of software artifacts 

Assumptions are not independent in software development, but intertwined 
with many types of software artifacts. For example, when managing assumptions 
in software design (e.g., [13][27]), assumptions are usually related to requirements, 
design decisions, components, etc. However, as mentioned in Point (2) of this 
section, the existing studies only focus on limited types of assumptions (e.g., 
requirement assumptions [5]). Therefore, there is a lack of knowledge regarding 
which software artifacts are related to assumptions in general, as well as how they 
are related. 

(4) Assumption management 

Assumption management is an ill-defined concept. Though there are certain 
approaches and tools (e.g., [4][52]) for managing assumptions, there is no accepted 
definition of assumption management and no overview of the supporting 
approaches and tools. Furthermore, assumption management should be teamwork, 
i.e., different types of stakeholders should be involved [53]. However, there is a 
lack of evidence regarding who should be involved, as well as how they are 
involved in assumption management. Though assumptions were found important 
in software development, the investment and return of managing assumptions 
needs more evidence (e.g., which benefits and challenges stakeholders will face 
when managing assumptions in software development). 
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Assumptions can be managed both manually and automatically. In the latter 
case, formal approaches and tools are used to automatically manage assumptions 
(e.g., assumptions are usually made and documented by such approaches and 
tools instead of stakeholders). A representative example of such management is 
assume-guarantee reasoning in system verification (e.g., [32][55][56][57]). On the 
other side, manual assumption management refers to manual work by 
stakeholders. For example, stakeholders use approaches and tools to make and 
document assumptions (e.g., [4][5][58]). More discussion between automatic and 
manual assumption management can be found in Section 2.5.2. 

2.3 Mapping study design 
This section introduces the objective, RQs, and execution of the SMS. 

2.3.1 Objective and research questions 
The objective of this SMS was formulated based on the Goal-Question-Metric 

approach [45]: analyze primary studies for the purpose of exploration and 
analysis with respect to assumptions and their management from the point of 

view of researchers and practitioners in the context of software development. 

To get a detailed and comprehensive view of the study topic, the objective of 
this SMS was decomposed into nine RQs, as shown in Table 2: an understanding of 
assumptions in software development (RQ1, RQ2, and RQ3), assumption 
management activities, approaches, and tools (RQ4 and RQ5), the stakeholders, 
benefits, challenges, and lessons learned of assumption management (RQ6, RQ7, 
and RQ9), and the consequences caused by not well-managed assumptions (RQ8). 
Each RQ is mapped to the discussion in Section 2.2. 

 
Table 2. Research questions of this mapping study, their rationale, and related discussion 

Research questions Rationale Discussion 

RQ1: What are the 
definitions of assumption 
in software development? 

Researchers and practitioners may have different 
understandings of assumptions in software 
development. The aim of this RQ is to collect such 
data to show how assumptions are treated and 
defined in software development. 

Point (1) in 
Section 2 

RQ2: What are the types of 
assumptions in software 
development?  

Different types of assumptions have been discussed 
in various software development activities (e.g., 
software design). The answer to this RQ provides an 
overview of various types of assumptions in software 
development. 

Point (2) in 
Section 2 

RQ3: Which software 
artifacts are related to 
assumptions in software 
development? 

Assumptions are not independent in software 
development, but interact with various types of 
software artifacts. The aim of this RQ is to know 
which artifacts are related to assumptions. 

Point (1) and 
(3) in Section 
2 

RQ4: Which activities have 
been proposed to support 

Assumption management contains a set of activities. 
The aim of this RQ is to identify the assumption 

Point (4) in 
Section 2 



Assumptions and their Management in Software Development: A Systematic Mapping Study 

 

 21 

assumption management 
in software development? 

management activities that have been employed or 
discussed in the literature. 

RQ5: Which approaches 
and tools are available to 
support assumption 
management in software 
development? 

There are different approaches and tools that can 
support assumption management in software 
development. The answer to this RQ can make 
researchers and practitioners be aware of these 
specific approaches and tools. 

Point (4) in 
Section 2 

RQ6: Which stakeholders 
are involved in assumption 
management in software 
development? 

Assumption management is related to various 
stakeholders (e.g., architects). The results of this RQ 
can help researchers and practitioners to understand 
who need to be involved and how they play a role in 
assumption management. 

Point (4) in 
Section 2 

RQ7: What are the benefits 
and challenges of 
assumption management 
in software development? 

Assumption management in software development 
leads to certain benefits with challenges. The answer 
to this RQ can make researchers and practitioners be 
aware of such benefits and challenges when 
employing assumption management in software 
development. 

Point (4) in 
Section 2 

RQ8: What are the 
consequences when 
assumptions are not well 
managed in software 
development? 

Not well-managed assumptions (e.g., implicit 
assumptions) may cause problems. The results of this 
RQ make researchers and practitioners be aware of 
the negative impact caused by not well-managed 
assumptions in software development. 

Point (1) to 
(4) in Section 
2 

RQ9: What are the lessons 
learned from assumption 
management in software 
development? 

Lessons learned refer to the experience from the 
authors of the studies about managing assumptions 
in software development. The answer of this RQ can 
help researchers and practitioners to get such 
experience. 

Point (1) to 
(4) in Section 
2 

 

2.3.2 Mapping study execution 
This SMS followed the guidelines proposed by Petersen et al. [49]. This section 

discusses the process employed in the mapping study, including the trial search 
and selection process (see Section 2.3.2.1), formal search and selection process (see 
Section 2.3.2.2), data extraction (see Section 2.3.2.3), and data analysis (see Section 
2.3.2.4). 

2.3.2.1 Trial search and selection 

During the trial search and selection process we encountered a number of 
problems. These problems as well as how we handled them, are elaborated one by 
one: 

(1) How to search in different databases 

The trial search and selection helped the authors to find appropriate search 
methods for each database (see Table 3) because databases employed various 
search engines with different search capabilities. For example, some databases 
provided options to narrow research areas to Computer Science and languages to 
English; this improved the efficiency of the subsequent steps. 
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(2) Which search terms to use 

The trial search and selection were used to refine the search terms in the search 
query. We followed a number of steps to identify an appropriate query expression: 

(a) Several synonyms of “assumption” can be identified in an English dictionary. 
However, these synonyms do not always have the same semantics with the 
term “assumption”, as considered in the scope of our work (see Section 2.2). 
For example, many papers use “guess” or “hypothesis”, but unless the papers 
explicitly mention that these terms are equal to “assume” or “assumption”, we 
cannot conclude that they have the same meaning.  

(b) To ground the search in the context of software development, the query 
expression “(software engineering OR software development OR system 
development) AND (…)” was initially used. However, we found that many 
qualified studies only mention, for example, “software” in their titles or 
abstracts, instead of “software engineering” or “software development”. 

(c) We further tried the following query expression “(assume OR assuming OR 
assumption)”, “system AND (assume OR assuming OR assumption)”, “program 
AND (assume OR assuming OR assumption)”, and “(requirement OR design 
OR architecture OR component OR source code OR testing) AND (assume OR 
assuming OR assumption)”. However, the total numbers of retrieved papers 
were rather enormous. For example, by searching in the IEEE Explore 
database (one of the seven databases used in the SMS) through the query 
expression “(assume OR assuming OR assumption)” from 2001 to 2015, the 
number of retrieved papers was 82,650. 

(d) To balance the value of the SMS and the effort needed, we chose to use the 
query expression “(software) AND (assumption OR assume OR assuming)” in 
the SMS. We note that this could lead to a threat of missing relevant studies, 
and this threat is discussed in Section 2.6.  

(3) How to decide for inclusion/exclusion of studies in the first round of 

selection 

In a number of occasions, only reading the title of a paper could not help to 
make a decision regarding whether the paper should be included or not. Therefore, 
we decided to read the title and abstract of a paper simultaneously in the formal 
search and selection (i.e., Phase 2 in Fig. 5). 

(4) Which papers to include 

The trial search and selection were used to refine the selection criteria for the 
formal search and selection. For example, two types of papers were identified in 
the trial search and selection, i.e., papers regarding assumptions in software 
development and assumptions about an approach or a tool. Moreover, we found 
some papers that either mention the term “assumption” without actually using it as 
meant in this study or contain no relevant data to answer the RQs. To avoid losing 
focus, we decided to only include the papers that concern assumptions in software 
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development, and exclude papers that do not have enough data related to the RQs 
(see Section 2.3.2.2.4).  

(5) How to achieve a joint understanding among authors 

The trial search and selection helped the authors to reach a consensus on 
various aspects of the study search and selection. For example, to reach an 
agreement on the selection criteria, a sample of 100 papers were chosen for further 
discussion among the authors, regarding why they should or should not be 
included. 

The procedure of the trial search and selection is shown in Fig. 4. One researcher 
(R1) searched and selected papers in IEEE Explore, while another researcher (R2) 
searched and selected papers in Wiley InterScience and ISI Web of Science. The 
results of the search and selection were reviewed by a third researcher.  

 

 
Fig. 4. Process of the trial search and selection 

 

2.3.2.2 Formal search and selection 

This section introduces the procedure of the formal search and selection (see 
Section 2.3.2.2.1), search scope (see Section 2.3.2.2.2), search query (see Section 
2.3.2.2.3), and selection criteria (see Section 2.3.2.2.4). 

Task

Legend
Sequence 
of tasks

1st round selection (by 
title)

2nd  round selection (by 
abstract)

Database search Phase 1

Phase 4

Phase 3

Phase 2

3rd  round selection (by 
full text)

19428

R1: 1000 (IEEE Explore); R2: 
1300 (Wiley InterScience and 

ISI Web of Science)

R1: 28 (out of 1000 papers 
from IEEE Explore); R2: 284 

(out of 1300 papers from 
Wiley InterScience and ISI 

Web of Science

R1: 8 (out of 28 papers from 
IEEE Explore); R2: 104 (out 

of 284 papers from Wiley 
InterScience and ISI Web of 

Science)

Number of 
selected 
papers
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2.3.2.2.1 Procedure 

The execution procedure of the formal search and selection in seven phases is 
shown in Fig. 5. 

Phase 1: Searching papers in seven databases (see Table 3). 

Phase 2: Conducting the 1st round selection (i.e., by title and abstract) based on 
the results of the database search. 

Phase 3: Selecting papers from the results of Phase 2 by reading the full text. 

Phase 4: Using the Snowballing technique [46] to manually check all the 
references of the selected papers from Phase 3. Snowballing entails using the 
reference list of a paper (backward Snowballing) or the citations to the paper 
(forward Snowballing) in order to identify additional studies [46]. We conducted 
backward Snowballing, collecting all the references from the papers resulting from 
Phase 3 (i.e., Phase 4-1), then selected papers first by title and abstract (i.e., Phase 4-
2), and subsequently by full text (i.e., Phase 4-3). 

Phase 5: Searching and selecting papers in the seven databases regarding rely-
guarantee approaches and assumption-commitment approaches. The reason that 
we conducted the extended search and selection is that the results of Phase 3 and 4 
showed that some qualified studies manage assumptions in software development 
using assume-guarantee approaches, which are also called rely-guarantee or 
assumption-commitment approaches. 

Phase 6: Extracting data (see Table 4) of the selected papers (including a trial 
data extraction). 

Phase 7: Analyzing the extracted data from Phase 6. 
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Fig. 5. Process of the formal search and selection 

 

2.3.2.2.2 Search scope 

Based on our experience in conducting secondary studies, and according to 
other systematic reviews on the topics of software engineering [43][48], the 
databases listed in Table 3 were used as the sources for the database search of this 
SMS. Since the seven databases used different search engines and strategies, the 
matched scopes were different. For example, in the Springer Link database3, the 
search engine allows users to search “with all of the words”, “with the exact phase”, 
“with at least one of the words”, “without the words”, “where the title contains”, “where 
the authors / editor is”, and “show documents published”. It does not support searching 
in keywords or abstract. Therefore, the matched scope in the Springer Link 
database was only “Title”. 

 
Table 3. Databases used in the search 

Database Link Matched scope in 
database 

ACM Digital 
Library 

http://dl.acm.org/ Title, abstract 

                                                           
3 https://link.springer.com/advanced-search 

Extended search and 
selection

Data Extraction

Task
Legend Sequence 

of tasks

1st round selection 
(by title and abstract)

2nd  round selection 
(by full text)

Database search

Phase 4

Phase 3

Phase 2

Phase 1

Snowballing

Phase 5

Phase 6

1st round selection 
(by title and abstract)

2nd  round selection 
(by full text)

All the references 
from Phase 3

Phase 4-1

Phase 4-2

Phase 4-3

Data Analysis
Phase 7
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IEEE Explore http://ieeexplore.ieee.org/Xplore/home.jsp Title, keywords, abstract 

Science Direct http://www.sciencedirect.com/ Title, keywords, abstract 

Springer Link http://link.springer.com/ Title 

Wiley InterScience http://onlinelibrary.wiley.com/ Title, abstract 

EI Compendex https://www.engineeringvillage.com/ Title, abstract 

ISI Web of Science https://login.webofknowledge.com Title, keywords, abstract 

 

The time period of search was set between January 2001 and December 2015 (i.e., 
the starting time of this SMS). Searching without a temporal limitation would be 
extremely resource-intensive, and could not be achieved in a realistic time frame. 
However, to the best of our knowledge, there are no papers that can potentially act 
as a milestone in this domain (i.e., assumptions and their management in software 
development), because the topic is general and broad. Therefore, we set the start 
year to 2001, considering that 15 years is a reasonable period for the topic of this 
SMS. Moreover, Google Scholar was not included in the database search, because 
the precision of the retrieved results from Google Scholar is insufficient, and it may 
have considerable overlap with other databases such as IEEE Explore on software 
engineering literature [44]. 

2.3.2.2.3 Search query 

Boolean “OR” was used to join alternative words and synonyms and Boolean 
“AND” was used to join major terms: 

(1) Phase 1: “(software) AND (assumption OR assume OR assuming)” 

(2) Phase 5: “(rely guarantee OR rely/guarantee OR rely-guarantee)” 

(3) Phase 5: “(assumption commitment OR assumption-commitment OR 

assumption/commitment)” 

2.3.2.2.4 Selection criteria 

Inclusion criterion: 

I1: The paper concerns assumptions in software development (e.g., requirement 
assumptions). 

Exclusion criteria: 

E1: The paper concerns assumptions about an approach or a tool. 

E2: The paper is gray literature (e.g., technical report) [17]. 

E3: If the same work was published in more than one venue, the less mature 
papers are excluded. 

E4: The paper is not written in English. 

E5: The paper only has an abstract and not a full text. 

E6: The paper merely mentions the term “assumption”. 

E7: The paper contains no relevant data to answer the RQs. 
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E1 was used because, to the best of our knowledge, there exist two types of 
assumptions in software development: (1) assumptions made in software 
development (e.g., assuming that the end users of the software are mostly elder 
people) and (2) assumptions made for a specific approach or tool (e.g., making 
assumptions about the design of an approach or tool). Since the topic of this SMS is 
assumptions and their management in software development, E1 was set to 
exclude all the papers related to the second type of assumptions. 

2.3.2.3 Data extraction 

Table 4 shows the details (i.e., description and related RQ) of the extracted data 
items in this SMS. 

 
Table 4. Data items to be extracted 

# Data item Description RQ 

D1 ID The ID of the study N/A 

D2 Title The title of the study N/A 

D3 Author The authors of the study N/A 

D4 Type of authors The type of authors (i.e., academia, industry, or 
both) 

N/A 

D5 Publication type The type of publication of the study (e.g., journal) N/A 

D6 Publication venue The name of the venue where the study was 
published 

N/A 

D7 Publication year The publication year of the study N/A 

D8 Definition The definitions of assumption RQ1 

D9 Software development 
activity 

The software development activities (e.g., software 
design) that involve assumptions 

RQ2 

D10 Artifact The artifacts (e.g., requirements) related to 
assumptions in software development 

RQ3 

D11 Assumption 
management activity 

The assumption management activities (e.g., 
Assumption Making)  

RQ4 

D12 Approach The assumption management approaches RQ5 

D13 Tool The assumption management tools  RQ5 

D14 Stakeholder The stakeholders who are involved in assumption 
management 

RQ6 

D15 Benefit The benefits of assumption management in 
software development 

RQ7 

D16 Challenge The challenges of assumption management in 
software development 

RQ7 

D17 Consequence The consequences caused by not well-managed 
assumptions in software development 

RQ8 

D18 Lesson learned The lessons learned of assumption management in 
software development 

RQ9 
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2.3.2.4 Data analysis 

The extracted data were analyzed based on the RQs. We used a bubble chart (see 
Fig. 10) to visualize types of assumptions (see Section 2.4.3), assumption 
management activities (see Section 2.4.5), and time period. For answering RQ1, 
RQ2, RQ3, RQ4, and RQ5, both descriptive statistics and Constant Comparison (i.e., 
generating concepts from the extracted data) [20] were employed. For answering 
the other RQs, we only employed Constant Comparison. 

Constant Comparison provides a systematic way to generate concepts from data, 
and a continuous process of verification of the generated concepts and categories 
[20][50]. We followed the guidelines proposed by Adolph et al. [50] to conduct 
Constant Comparison. We coded the extracted data as incidents, compared these 
incidents to each other to generate concepts, and further performed comparison 
among incidents and concepts to generate categories. For example, if a paper 
mentions: “Sometimes changes could be adopted easily; but sometimes even crucial parts 
of the application had to be rewritten, often because its assumptions did not hold any 
longer”, the incident was first coded as “Consequences caused by not well-managed 
assumptions”. We also used subcodes to detail the codes of incidents. Considering 
the aforementioned example, the part of the incident mentioning “often because its 
assumptions did not hold any longer”, was sub-coded as “Consequences caused by not 
well-managed assumptions: Invalid assumptions”. Note that the length of an incident 
can vary from a single word to several paragraphs. Furthermore, the Constant 
Comparison process was iteratively conducted. Finally, we did not predefine 
codes, but let the codes gradually emerge during the Constant Comparison process. 

2.4 Results 
This section reports results of the SMS. 

2.4.1 Overview 
This section first introduces the search, selection, and Snowballing results (see 

Section 2.4.1.1) and then provides the distribution of the selected studies (see 
Section 2.4.1.2). 

2.4.1.1 Search, selection, and Snowballing results 

As shown in Fig. 6, during the database search, 19,428 papers were retrieved 
from the seven databases. 302 papers were included after the 1st round selection 
and 108 papers were retained after the 2nd round selection. Furthermore, 25 
papers were identified through Snowballing, and one paper was selected during 
the extended search and selection; this led to a final set of 134 papers in this SMS. 
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Fig. 6. Results of search, selection, and Snowballing 

 

2.4.1.2 Demographics of included studies 

The number of the selected studies per type of venue (i.e., conference, journal, 
workshop, and book) is shown in Fig. 7. Most of the studies were published in 
conferences (81 out of 134, 60.4%) and followed by journals (34 out of 134, 25.4%). 
The 134 studies are distributed in 94 publication venues. 

 

  
Fig. 7. Number of studies over the four types of publication venues 
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The number of studies per publication venue is listed in Table 87 (we only 
present the venues that published at least two studies). The top two venues are 
International Conference on Computer Aided Verification (6 out of 134, 4.5%) and 
Journal of Systems and Software (5 out of 134, 3.7%). The number of the selected 
studies per year ranges is from four to fifteen as shown in Fig. 8. One research 
group published four studies in 2008, which can partially explain the peak (i.e., 15). 

 

 
Fig. 8. Number of studies over time period (2001-2015) 

 

As shown in Fig. 9, the authors of 94 studies (out of 134, 70.1%) were from 
academia, and the authors of 8 studies (out of 134, 6.0%) came from industry. 32 
studies (out of 134, 23.9%) were jointly written by authors from both academia and 
industry. 
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Fig. 9. Number of the included studies over types of authors 

 

2.4.2 RQ1: What are the definitions of assumption in 
software development? 

Table 5 shows all the definitions of assumption in software development from 
the selected studies, which are further classified into a number of types and 
mapped to the related software development activities. Each type is explained by 
the corresponding definition except for two types that aggregate definitions: 
“Context assumption” (where context may refer to a system environment such as 
hardware or the artifacts’ context such as the reason of making certain decisions), 
and “General assumption” (defining assumption in a general way, for example, 
based on English dictionaries). Compared to the original definitions in the selected 
studies, we rephrased the sentences of the definitions taking care not to alter their 
meaning. 
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Table 5. Definitions of assumption in software development 

Type Software development 
activities 

Core concept Definition Studies 

Context 
assumption 

Requirements engineering, 
Software design, Software 
maintenance and evolution 

Uncertainties and 
expectations 

Context assumptions are uncertainties and expectations 
of the context (e.g., motivational reasons) for making 
design decisions. 

[S122] 

Requirements engineering Assumptions Context assumptions are assumptions about the laws of 
the physical world and the behavior of other systems. 

[S98] 

Requirements engineering Uncertain 
descriptive 
statements 

Context assumptions are descriptive statements that may 
not hold and should be satisfied by the problem world. 

[S38] 

Requirements engineering, 
Software design, Software 
construction 

Assumptions Context assumptions are assumptions that constrain 
environment behaviors. 

[S17] 

Requirements engineering, 
Software design 

Uncertain 
statements 

Context assumptions are statements accepted to be true, 
and they are about the hardware and everything outside 
the system. 

[S99] 

Trust assumption Requirements engineering, 
Software design 

Trusted choices, 
statements, and 
opinions 

Trust assumptions are explicit or implicit choices, 
statements, or opinions that concern the behavior and 
properties of the system. 

[S45][S60] 
[S61][S62] 
[S107][S108] 

Architectural 
assumption 

Requirements engineering, 
Software design, Software 
construction, Software testing, 
Software maintenance and 
evolution 

Implicit design 
decisions and the 
rationale 

Architectural assumptions are implicit design decisions 
as well as the rationale and context behind these 
decisions. 

[S85][S88] 
[S91][S114] 
[S132]  

Early 
architectural 
assumption 

Requirements engineering, 
Software design 

Assumptions Early architectural assumptions are assumptions about 
initial architectural elements of the expected architecture 
(e.g., building blocks of the envisaged system) and they 
exist before making architectural design decisions. 

[S89][S90] 
[S91] 

General 
assumption  

Requirements engineering Uncertain 
assertions 

Assumptions are assertions of truth or something that is 
taken for granted. 

[S63] 
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Requirements engineering, 
Software design, Software 
maintenance and evolution 

Invariabilities Assumptions are invariabilities about the system and the 
environment. 

[S85] 

Aspect 
assumption 

Requirements engineering, 
Software design, Software 
construction, Software testing, 
Software maintenance and 
evolution 

Assumptions Aspect assumptions are assumptions about the context 
of an aspect (e.g., the property of the aspect) in aspect-
oriented software development. 

[S133] 

Service 
assumption 

Software design Assumptions Service assumptions are assumptions about the things 
that may not be known in service composition.  

[S97] 
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2.4.3 RQ2: What are the types of assumptions in software 
development? 

In this SMS, we used and adapted the classification of software development 
activities proposed in SWEBOK [3] (see Appendix A.2), and classified assumptions 
according to the activities. Though there are different classifications of software 
development activities, the reason for choosing SWEBOK is that it is a well-
accepted and mature point of reference in the domain of software development. 
The results are shown in Table 88: assumptions related to requirements 
engineering, software design, construction, testing, and maintenance and 
evolution. For each activity we classified assumptions either because the 
assumptions are made in that activity, or because the assumptions concern 
artifacts of that activity (e.g., requirements, architectural design decisions, source 
code, or bugs). Since a selected study may mention assumptions with different 
software development activities, the study can be classified to more than one type 
(see Table 88). 

Specific types of assumptions in requirements engineering and software design 
have been further classified into various subtypes in several studies (available 
online [61]). Two examples are provided below. 

(1) Classification of domain assumptions [S115] (requirements engineering): 
(a) Mandatory domain assumptions are assumptions about the necessary 

requirements in product line development (e.g., assuming a requirement 
should be included). 

(b) Optional domain assumptions are assumptions about choosing one 
requirement from the alternative requirements (e.g., assuming a 
requirement should be chosen from several requirements). 

(c) Multiple domain assumptions are assumptions about choosing a number 
of requirements from the alternative requirements. 

(2) Classification of architectural assumptions [S84][S85] (software design): 
(a) Technical assumptions are assumptions about the technical environment 

of the system (e.g., databases). 
(b) Organizational assumptions are assumptions about the company (e.g., the 

social settings of the company) that may have an impact on software 
development. 

(c) Management assumptions are assumptions about the decisions for 
business objectives (e.g., management strategies). 

2.4.4 RQ3: Which software artifacts are related to 
assumptions in software development? 

Various software artifacts are related to assumptions in software development 
as shown in Table 6. We also classified these artifacts according to the software 
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development activities suggested in SWEBOK [3] (see Appendix A.2). The reason 
for choosing software development activities as well as SWEBOK to classify the 
artifacts is the same to the classification of assumptions, which has been explained 
in Section 2.4.3. Though one type of artifacts can be involved in one or several 
software development activities, in this classification, only the primary activity 
was considered in which the type of artifacts are created and managed (e.g., 
requirements in requirements engineering). The reason is that RQ3 regards which 
software artifacts are related to assumptions, instead of relationships between 
software development activities and artifacts. For example, we focused on whether 
requirements are related to assumptions, instead of whether requirements are 
considered in requirements engineering or other activities in the selected studies. 
The artifacts were further sub-classified based on their names (e.g., “model” and 
“specification”) as shown in Table 6. The intension is merely to improve the 
readability, since arranging all the artifacts into one cell would make the table 
difficult to read. Additionally, though both the results of RQ3 (in Table 6) and RQ2 
(in Table 88) are classified based on software development activities, the two tables 
could not be merged. This is because the results of RQ3 only present the studies 
that explicitly mention assumptions with the related artifacts; in contrast, the 
results of RQ2 are broader and include the studies that discuss assumptions made 
in a specific development activity without mentioning the related artifacts. Finally, 
as a paper may mention assumptions with different types of artifacts, and 
therefore, the paper can be classified to more than one type (see Table 6). 
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Table 6. Software artifacts related to assumptions in software development 

Software 
development 
activity 

Number (%) Software artifact Number 
(%) 

Studies 

Requirements 
engineering 

72 (53.7%) “Misc”: Requirement, Function/Functionality, 
Feature, Use case, Requirements decision, User 
feedback, Goal, Functional contract, Requirements 
prototype 

69 (51.5%) [S2][S3][S4][S5][S6][S7][S8][S9][S13][S16][S17]
[S18][S29][S30][S32][S34][S36][S38][S40][S43] 
[S45][S46][S53][S54][S56][S59][S60][S61][S62] 
[S64][S66][S67][S70][S73][S74][S76][S78][S80] 
[S82][S84][S85][S88][S89][S90][S91][S93][S96] 
[S98][S99][S100][S102][S103][S104][S106] 
[S107][S108][S111][S113][S114][S115][S116] 
[S119][S121][S122][S125][S126][S127][S128] 
[S133] 

“Specification”: Requirements specification, Feature 
specification, Functional specification, Use case 
specification, User specification, Product 
specification, Machine specification, Domain 
specification, Behavior specification, Security 
control specification 

15 (11.2%) [S2][S6][S43][S60][S61][S64][S66][S104][S109] 
[S113][S115][S116][S119][S121][S125] 

“Model”: Requirements model, Goal model, 
Feature model, Use case model, Domain model, 
Behavior model 

10 (7.5%) [S4][S38][S67][S82][S85][S90][S96][S112][S115]
[S127] 

“Scenario”: Requirements scenario, Quality 
attribute scenario, Usage scenario 

6 (4.5%) [S44][S59][S88][S89][S90][S91] 

Software design 96 (71.6%) “Component-Interface”: Component, COTS product, 
Component service, Component contract, Port, 
Component model, Interface, Interface event, API, 
API usage pattern, Component trace, Service, 
Module, Package 

80 (59.7%) [S7][S8][S9][S10][S11][S12][S13][S14][S15] 
[S17][S19][S20][S21][S22][S23][S25][S26][S27] 
[S29][S30][S33][S34][S35][S36][S40][S41][S43] 
[S44][S46][S52][S53][S54][S55][S56][S58][S60] 
[S64][S65][S67][S68][S69][S70][S71][S72][S73] 
[S75][S76][S77][S78][S80][S81][S83][S84][S85] 
[S88][S89][S91][S93][S94][S95][S97][S99][S102]
[S103][S109][S110][S111][S114][S116][S117] 
[S119][S120][S122][S123][S124][S126][S130] 
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[S131][S133][S134]  

“Decision”: System decision, Design decision, 
Modeling decision 

25 (18.7%) [S9][S18][S24][S31][S39][S40][S59][S66][S85] 
[S86][S87][S88][S89][S90][S92][S97][S99][S104]
[S105][S114][S119][S121][S122][S127][S132] 

“Architecture”: Architecture, Architectural view, 
Architectural solution 

18 (13.4%) [S8][S27][S31][S55][S59][S67][S68][S78][S80] 
[S84][S85][S88][S89][S90][S91][S114][S119] 
[S130] 

“Misc”: Design model, Dataflow, Control flow, 
Design pattern, Design contract, Design claim, 
Design object, Design persona 

7 (5.2%) [S34][S54][S55][S71][S119][S122][S127]  

“Specification”: Design specification, Architecture 
specification, Component specification, Service 
specification, Aspect specification 

6 (4.5%) [S12][S19][S26][S57][S122][S134] 

“Aspect”: Aspect, Aspect property model 4 (3.0%) [S57][S77][S78][S133] 

Software 
construction 

31 (23.1%) “Code”: Source code, Source code comment, Source 
code annotation, Implementation decision, Class, 
Thread 

31 (23.1%) [S1][S3][S6][S13][S17][S23][S34][S36][S40] 
[S42][S44][S47][S51][S54][S55][S57][S75][S76] 
[S80][S86][S87][S93][S100][S101][S105][S109] 
[S111][S114][S119][S124][S133] 

“Specification”: Program specification, Data values 
specification 

2 (1.5%) [S93][S109] 

Software testing 5 (3.7%) Bug, Testing plan 5 (3.7%) [S13][S54][S80][S105][S133] 

Others 16 (11.9%) Risk, Organizational decision, Management 
decision, Plan, Task, Context model, Context 
specification, Version control information, System 
log, Process model, Product model 

16 (11.9%) [S5][S31][S38][S39][S43][S45][S60][S67][S76] 
[S78][S88][S100][S104][S105][S114][S124] 

 

 



Chapter 2 

 

 38 

 

Table 7 shows nine types of relationships between assumptions and other types 
of software artifacts from the studies. 

 
Table 7. Relationships between assumptions and other types of software artifacts 

Relationship Description 

A is made for B Assumptions are made for artifacts or vice versa. 

A is based on B Assumptions are made according to artifacts or vice versa. 

A is contained in B Assumptions are part of artifacts. 

A is B per se Assumptions are artifacts per se. 

A leads to the problems in B Assumptions lead to problems in artifacts or vice versa. 

A leads to the changes in B Assumptions lead to changes in artifacts or vice versa. 

A helps to manage B Assumptions help to manage artifacts or vice versa. 

A’s failure negatively impacts B Assumptions failure negatively impacts artifacts or vice versa. 

A is related to B There is a relationship between assumptions and artifacts, but 
the relationship type is not explicitly mentioned in the study. 

 

We provide several representative examples to elaborate on the relationships 
between assumptions and software artifacts. As discussed in Section 2.2, the 
assumption concept is subjective and context dependent. However, the following 
examples aim to explain the relationships, instead of distinguishing assumptions 
from other concepts (e.g., constraints); therefore, the examples of assumptions are 
provided without their detailed context. 

(1) Requirements engineering 

In [S108], assumptions were made for requirements (i.e., A is made for B). One 
example of such assumptions is “The system will be available during normal working 
hours”. In [S89], assumptions are scattered within multiple quality attribute 
scenarios (i.e., A is contained in B). One example of such assumption is “There is a 
subsystem that is responsible for receiving emergency calls and forwarding them to an 
available Coordinator”. This assumption was defined in two quality attribute 
scenarios. In [S100], the authors mentioned that invalid assumptions might lead to 
a change in requirements, and the changes of the operational domain could be a 
reason for assumptions changes (i.e., A leads to the changes in B). 

(2) Software design 

In [S88], architectural assumptions may facilitate design decisions making (i.e., 
A helps to manage B). One example of such assumption is “There will be one separate 
subsystem for processing the incoming information updates, and that it will use a priority 
queue for the incoming data packages”. This assumption was used to reduce the 
solution space and helped architects to make architectural design decisions. In 
[S114], the authors defined assumptions as implicit design decisions (i.e., A is B per 
se) as well as the rationale and context behind these decisions (i.e., A is based on B). 
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The assumptions recovered in this study include management assumptions, 
organizational assumptions, and technical assumptions. In [S86], the authors 
pointed out that design decisions in a system are based on context assumptions 
(i.e., A is based on B). 

(3) Software construction 

In [S44], assumptions were made about the source code of API clients (i.e., A is 
made for B). One example of such assumption is “Method M should not be called by 
the API clients”. In [S93], the authors suggested identifying and describe 
assumptions as part of program specification (i.e., A is contained in B). In [S47], 
assumptions were used to model the behavior of threads (i.e., A helps to manage 
B). One example of such assumption is “If thread i holds the lock in read mode, then x 
cannot be changed by another thread”. 

(4) Software testing 

In [S105], the case study results show that “bug fixes” is an important reason for 
technical assumptions failures, and 8 out of 13 assumptions failures were caused 
by bug fixes (i.e., A leads to the problems in B). One example of such assumption is 
“Two systems do not affect each other in any way”. In [S133], assumptions were 
considered to help in finding bugs (i.e., A helps to manage B), and certain types of 
assumptions should be treated as a type of bug to be fixed. 

(5) Others 

In [S100], invalid assumptions can increase the associated risks of the system 
(i.e., A’s failure negatively impacts B), because of, for example, the reduced 
validity of the related requirements. Modeling the relationships between 
assumptions and requirements is one way to predict system risks. In [S78], both 
product models and process models could contain a set of assumptions (i.e., A is 
contained in B). One example of such assumptions is to assume the scope of the 
product. 

2.4.5 RQ4: Which activities have been proposed to 
support assumption management in software 
development? 

Twelve assumption management activities were identified and classified from 
the studies: 

Assumption Making (including Identification) is aimed at both making new 
assumptions and identifying existing assumptions in software development, and 
analyzing the properties of the assumptions (e.g., validity, pros, and cons). 

Assumption Description is used to describe assumptions in certain forms. 

Assumption Evaluation (including Satisfaction) ensures that the description 
and analysis of assumptions are correct and accurate, and checks whether the 
assumptions are satisfied by other software elements (e.g., components). 
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Assumption Maintenance adapts assumptions to fit the context of software 
development (e.g., eliminating outdated or invalid assumptions, modifying 
conflicting assumptions, and transforming assumptions to other types of software 
artifacts). 

Assumption Tracing is used to connect assumptions to other types of software 
artifacts (e.g., requirements). 

Assumption Monitoring (including Evolution) reflects the changes of 
assumptions (e.g., the properties of assumptions) during the software 
development life cycle. 

Assumption Communication refers to sharing and discussion of assumptions, 
which can reduce misunderstandings of assumptions among different 
stakeholders. 

Assumption Reuse aims at reusing existing assumptions through adapting 
them for other contexts (e.g., other projects). 

Assumption Understanding concerns comprehending assumptions themselves 
as well as their relationships. 

Assumption Recovery relates to regaining the assumptions made in software 
development. 

Assumption Searching refers to retrieving assumptions from project resources 
(e.g., project documents and repositories). 

Assumption Organization concerns sorting and classifying the existing 
assumptions of a project. 

Table 89 presents the classification of the assumption management activities 
with their studies. Fig. 10 shows the distribution of the studies over the 
assumption management activities (see Section 2.4.5), time period, and types of 
assumptions based on software development activities (see Section 2.4.3). The 
bubbles on the left side of the chart represent the studies on specific assumption 
management activities over publication year, while the bubbles on the right side 
show the studies on certain types of assumptions over publication year. The 
numbers in each bubble denote the studies. 
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Fig. 10. Bubble chart over the assumption management activities, time period, and types of assumptions (the numbers in each bubble denote the studies, see 

Appendix A.1)
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2.4.6 RQ5: Which approaches and tools are available to 
support assumption management in software 
development? 

2.4.6.1 Approaches 

As shown in Table 90, we collected the approaches of assumption management 
and classified them according to the corresponding assumption management 
activities (see Section 2.4.5). Note that not every assumption management activity 
has been supported by certain approaches, and one approach can be used to 
support one or multiple assumption management activities. Also, we only 
classified an approach to an assumption management activity if the study 
explicitly mentioned the relationship between the approach and the activity. For 
example, Assumption Maintenance is a common step in assume-guarantee 
reasoning. However, some of the studies related to assume-guarantee reasoning 
did not explicitly mention this step (i.e., Assumption Maintenance). Therefore, 
such studies were not classified into Assumption Maintenance. Next we provide 
some approaches for each assumption management activity, as examples.  

(1) Assumption Making and Evaluation 

According to the results of the SMS, the representative approach of Assumption 
Making and Evaluation is assume-guarantee reasoning [59][60]. Considering there 
is a need to evaluate whether a system satisfies a property, instead of verifying the 
whole system, assume-guarantee reasoning decomposes the system into 
components (i.e., which are smaller and easier to verify), generates assumptions 
for a component that guarantees the property, checks whether the other 
components satisfy the assumption, and then comes up with the results. There are 
different variants of assume-guarantee reasoning; here we provide two examples. 
In [S14], the authors pointed out that the general assume-guarantee rules are: (a) 
decomposing a system into two components M1 and M2; (b) checking that M1 
under an assumption satisfies the property; and (c) discharging the assumption on 
the context of M2. If the results are true, then the system satisfies the property. In 
[S109], the authors described the process of assume-guarantee reasoning as: (a) 
making an assumption of the context of the component, which characterizes the 
expected behavior of the component; (b) constructing the environment of the 
component based on the assumption; and (c) checking the system to evaluate if the 
component satisfies its behavior specification based on the assumption with no 
errors. 

(2) Assumption Description 

There are numerous types of Assumption Description approaches, such as using 
documents (e.g., Model Sequence Diagrams specifications), languages (e.g., a 
property-based language), frameworks and models (e.g., with templates), graphs, 
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interfaces, contracts, personas, arguments, and analogy. In [S84], the authors 
integrated Assumption Description as part of a component template, including 
components assumptions and interfaces assumptions. In [S97], the authors used 
Semantic Web Rule Language to express assumptions. In [S36], the authors 
proposed an Assumption Description approach for constructing documents using 
natural language, showing how assumptions and requirements are related, and 
which assumptions are unused. 

(3) Assumption Maintenance 

In some assume-guarantee reasoning approaches (e.g., [S14][S29][S81]), there is 
a step to refine the unsatisfied assumptions after Assumption Evaluation. In [S97], 
the authors proposed a framework, which can be used to maintain assumptions 
(e.g., modifying the outdated assumptions). In [S10], the authors developed a 
procedure, which is composed of four steps to maintain assumptions in the context 
of component interfaces adaption. 

(4) Assumption Tracing 

Most of the approaches (4 out of 5, 80%) related to Assumption Tracing support 
the tracing between assumptions and requirements. In [S36], the authors traced 
assumptions to requirements and source code, and the proposed approach can 
show which requirements can be related to assumptions. In [S60], the authors also 
traced assumptions to requirements. Specifically, they focused on the relationships 
between trust assumptions and security requirements. In [S96], the authors 
proposed to use a goal model to trace assumptions to requirements. The goal 
model is composed of three parts: the goals, the domain assumptions, and the 
relationships between them. 

(5) Assumption Monitoring 

In [S4], the authors proposed an approach to monitor assumptions (e.g., the 
evolution of assumptions) in a requirement model at runtime, and they used goals 
and goal models in their approach. They defined requirements monitoring as 
“keeping track of the execution of each software variants and the impact it has on 
requirements”. In [S104], the authors discussed the usefulness of monitoring 
assumptions (e.g., Assumption Monitoring can be used to evaluate assumptions at 
runtime). They embedded Assumption Monitoring as part of their proposed 
approach. For example, the approach can generate logs of the system through 
Assumption Monitoring. 

(6) Assumption Recovery 

For Assumption Recovery, the approach proposed in [S114] employed five 
sources: free interviews, financial reports, documentation, version control, and 
source code to detect suspicious effects, and then identifying assumptions through 
guided interviews. 
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2.4.6.2 Tools 

34 tools were collected from the studies, and over half of the tools (19 out of 34, 
55.9%) were used to support assume-guarantee reasoning. We classified the tools 
into two types (i.e., “Assume-guarantee reasoning” and “Others”) as listed in Table 8 
and Table 9 respectively. The results shown in the “URL”, “Developer”, and “Open 
source” columns were not collected from the primary studies but from the Internet. 
“Not mentioned” in Table 8 and Table 9 means that we could not find evidence 
regarding, for example, whether a tool is open source or not. 

(1) Assume-guarantee reasoning 

The tools of this type were used for assume-guarantee reasoning in software 
development. For example, in [S110], the authors implemented LTSA (Labelled 
Transition System Analyzer), which supports their proposed assume-guarantee 
reasoning approach (e.g., the assumptions learning framework). 

(2) Others 

The tools of this type can be used to support specific assumption management 
activities in software development. In [S122], the AREL tool was developed to 
support design rationale identification and tracing to other elements, including 
design decisions, assumptions, and constraints. In [S7], the OCRA tool was mainly 
used for component-based design, but can also support Assumption Description. 
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Table 8. Tools for assume-guarantee reasoning 

Tool URL Developer Open source Studies 

LTSA (Labelled Transition System Analyzer) http://www.doc.ic.ac.uk/ltsa/ Academia Not 
mentioned 

[S29][S41][S53] 
[S71][S72][S95] 
[S110] 

NuSMV model checker http://nusmv.fbk.eu/ Academia Yes [S22][S26][S77] 

Java PathFinder http://javapathfinder.sourceforge.net/ Industry Yes [S55][S109] 

SPIN model checker http://spinroot.com/spin/whatispin.html Academia Yes [S35] 

AG tool  Not mentioned Academia Not 
mentioned 

[S71] 

AR tool Not mentioned Academia Not 
mentioned 

[S71] 

SpaceEx (a symbolic hybrid model checker) http://spaceex.imag.fr/ Academia Yes [S15] 

BEG (Bandera Environment Generator) 

New name: Open Components and Systems 
Environment Generator (OCSEGen) 

https://forge.cis.ksu.edu/projects/beg/ 

https://code.google.com/archive/p/envgen/ 

Academia Yes [S124] 

BPC Checker (Behavior Protocol Model 
Checker) 

Not mentioned Not 
mentioned 

Not 
mentioned 

[S109] 

EnvGen (Environment Generator for Java 
PathFinder) 

Not mentioned Academia Yes [S109] 

SPARK (a prototype tool in Python) http://www.altran.co.uk/ Industry Not 
mentioned 

[S76] 

SGM (State-Graph Manipulators) https://www.cs.ccu.edu.tw/~pahsiung/sgm/ 

http://embedded.cs.ccu.edu.tw/~esl_web/Pr
oject/Ch/SGM/ 

Academia Not 
mentioned 

[S70] 

SafetyADD http://vedder.se/SP/SafetyAddDraft.pdf Academia Not 
mentioned 

[S126] 



Chapter 2 

 

 46 

LUTE checker Not mentioned Not 
mentioned 

Not 
mentioned 

[S30] 

AGREE Not mentioned Not 
mentioned 

Not 
mentioned 

[S30] 

KIND model checker http://clc.cs.uiowa.edu/Kind/ Both Yes [S30] 

An automatic checking tool Not mentioned Academia Not 
mentioned 

[S47] 

Cadence SMV http://www.kenmcmil.com/smv.html Academia Yes [S58] 

SAT solver Not mentioned Industry Not 
mentioned 

[S58] 

 

 
Table 9. Other tools for assumption management 

Tool Assumption 
management 
activities 

URL Developer Open source Studies 

Alloy analyzer AD, AE http://alloy.mit.edu/alloy/ Academia Not 
mentioned 

[S67][S101][S116] 

OCRA (Othello Contracts 
Refinement Analysis) 

AD https://es-
static.fbk.eu/tools/ocra/ 

Academia Not 
mentioned 

[S7][S25] 

A prototype tool AM, AD http://people.cs.kuleuven.be/~
dimitri.vanlanduyt/eaa/ 

Academia Yes [S90] 

Drools (a Business Rules 
Management System) 

AM, AD, AE https://www.drools.org/ Industry Yes [S51] 

PicoSAT (an SAT solver) AM, AD, AE http://fmv.jku.at/picosat/ Academia Yes [S51] 

Microsoft threat modeling tool AD https://www.microsoft.com/e
n-
us/download/details.aspx?id=4
9168 

Industry Not 
mentioned 

[S119] 
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Redhat’s RPM AD https://www.redhat.com/en Industry Yes [S119] 

Debian’s APT AD https://www.debian.org/index
.en.html 

Industry Yes [S119] 

XML-based engine (a tool with an 
XML back-end) 

AD, AE Not mentioned Academia Not 
mentioned 

[S123] 

PAT (Process Analysis Toolset) AD, AE Not mentioned Not mentioned Not 
mentioned 

[S120] 

SCENARIOTOOLS (an Eclipse-
based tool) 

AD http://scenariotools.org/ Academia Yes [S16] 

GASR (General-purpose Aspectual 
Source Code Reasoner) 

AE https://github.com/cderoove/
damp.ekeko.aspectj 

Academia Yes [S42] 

AREL (Architecture Rationale and 
Elements Linkage) 

AT http://www.ict.swin.edu.au/p
ersonal/atang/AREL-Tool.zip 

Academia Not 
mentioned 

[S122] 

MAVEN (Modular Aspect 
Verification) 

AD, AE Not mentioned Academia Not 
mentioned 

[S57] 

CAIRIS (Computer Aided 
Integration of Requirements and 
Information Security) 

Not mentioned https://github.com/failys/CAI
RIS 

Academia Yes [S43] 
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2.4.7 RQ6: Which stakeholders are involved in 
assumption management in software development? 

As shown in Table 10, we collected stakeholders from the studies and classified 
them according to the software development activities. The reason for choosing 
software development activities as well as SWEBOK to classify the stakeholders is 
the same to the reason for the classification of assumptions, which has been 
explained in Section 2.4.3. 

Besides relating the identified stakeholders to assumption management 
activities, there are four other types of involvement between stakeholders and 
assumption management. 

(1) Stakeholders impact or are impacted by assumption management  

In [S3], if the information used by requirements engineers is not confirmed with 
customers, the requirements engineers have to make assumptions. These 
assumptions can lead to many problems such as rework and project failures. In 
[S122], architects would have trouble in architecture evaluation and maintenance, 
if assumptions were implicit. 

(2) Stakeholders use assumptions for specific activities in software 
development 

In [S4], designers evaluate assumptions and use the identified invalid 
assumptions to revise the related requirements models. In [S55], since the actual 
environment of the system is unknown during system verification, developers 
have to use environment assumptions to describe system properties. 

(3) The content of assumptions is related to stakeholders 

In [S46], the authors pointed out that some assumptions were about the profiles 
of users. In [S78], the authors mentioned that some assumptions are about user 
behaviors. 

(4) General relationships between assumptions and stakeholders 

In [S101], the authors argued that there was a need for user involvement in 
managing assumptions. In [S105], the authors described that developers need to be 
careful about the assumptions made outside their working context. 

 



Assumptions and their Management in Software Development: A Systematic Mapping Study 

 

 49 

 
Table 10. Stakeholders involved in assumption management 

Software 
development 
activity 

Stakeholder Assumption management activities Studies 

Requirements 
engineering 

Customer, Client, User, System 
administrator 

Assumption Making, Description, 
Evaluation, Maintenance, 
Communication, Understanding 

[S2][S3][S17][S38][S43][S46][S78][S79][S80] 
[S91][S92][S93][S96][S97][S99][S100][S101] 
[S104][S105][S113][S119][S129][S132] 

Requirements engineer Assumption Making, Description, 
Evaluation, Communication, 
Understanding 

[S3][S4][S32][S48][S60][S61][S62][S63][S67] 
[S79][S88][S89][S90][S91][S104][S112][S116] 
[S121][S127] 

Domain expert Assumption Making, Evaluation, 
Communication 

[S61][S101][S115][S116] 

Software design Designer Assumption Making, Description, 
Evaluation, Maintenance, Monitoring, 
Communication, Understanding 

[S4][S5][S7][S12][S18][S23][S24][S34][S59][S68] 
[S86][S96][S104][S116] 

Architect, Modeler, Component 
designer, Component user, Design 
decision maker 

Assumption Making, Description, 
Evaluation, Maintenance, Tracing, 
Communication, Recovery, 
Understanding 

[S35][S59][S67][S75][S88][S89][S90][S91][S99] 
[S114][S121][S122][S124][S132] 

Software 
construction 

Developer, Programmer Assumption Making, Description, 
Evaluation, Tracing, Communication, 
Recovery, Organization 

[S2][S6][S12][S39][S40][S47][S50][S53][S54] 
[S55][S74][S77][S78][S86][S100][S105][S107] 
[S112][S113][S114][S116][S119][S124][S127] 
[S129]  

API developer, API user, 
Component developer, Aspect 
developer, Library user, System 
integrator, Implementation 
consultant 

Assumption Making, Description, 
Evaluation, Maintenance 

[S17][S44][S93][S123][S132][S133] 

Software 
maintenance and 

Maintainer Assumption Making [S78][S86] 
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evolution 

Others Project manager, Deployment 
manager 

Assumption Making [S78][S114][S132] 

Technical stakeholder, Technical 
expert 

Assumption Making, Evaluation [S76][S88][S91] 
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2.4.8 RQ7: What are the benefits and challenges of 
assumption management in software development? 

The benefits were classified into “Benefits for software development activities” and 
“Other benefits” as presented in Section 2.4.8.1 and 2.4.8.2 respectively. 

2.4.8.1 Benefits for software development activities 

As shown in Table 11, we further classified “Benefits for software development 
activities” into “Requirements engineering”, “Software design”, “Software construction”, 
“Software testing”, and “Software maintenance and evolution” according to SWEBOK 
[3] (see Appendix A.2). 

2.4.8.2 Other benefits 

As shown in Table 12, we further derived various types of “Other benefits” that 
are not related to specific software development activities. 
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Table 11. Benefits of assumption management related to software development activities 

Software 
development 
activity 

Benefits Studies 

Requirements 
engineering 

(1) Explicating tacit knowledge of users through tracing assumptions to their source, (2) explicating the claims 
that the assumptions represent and helping requirements analysis, description, and verification through 
formally modeling assumptions, requirements, and behaviors of system, (3) helping to assess the quality and 
completeness of requirements specifications, (4) helping to understand the perceptions of requirements 
engineers, (5) saving time in requirements engineering, (6) helping consistency management in requirements 
engineering, (7) reducing the problem space, (8) enabling the derivation and exploration of interrelations 
between different requirements, (9) helping to identify requirements, (10) being aware of requirements gaps, 
and (11) helping to build prototypes. 

[S2][S3][S5][S16][S18]
[S32][S38][S43][S59] 
[S74][S85][S88][S89] 
[S96][S113][S115] 
[S121] 

Software 
design 

(1) Supporting service composition through using service assumptions, (2) helping to understand architecture 
design through relating and reasoning requirements, assumptions, constraints, and design decisions, (3) 
helping aspect design and reuse, (4) helping to identify architectural interaction points, (5) improving the 
effectiveness of conducting architecting activities, (6) easing the transition from requirements engineering to 
architectural design, (7) reducing the effort required for handling models, (8) supporting architectural 
knowledge management, (9) allowing reasoning with incomplete information in software design, and (10) 
improving the quality of models and architecture. 

[S5][S19][S34][S35] 
[S53][S59][S70][S77] 
[S83][S85][S89][S94] 
[S96][S97][S109] 
[S110][S114][S119] 
[S122][S123][S127] 
[S130][S132][S133] 

Software 
construction 

(1) Allowing for checking that safety properties are preserved through design-level assumptions, (2) 
improving the quality of source code, (3) helping in understanding, evaluating, and constructing source code; 
ensuring information-flow security through using assumptions at thread level. 

[S1][S19][S53][S54] 
[S55][S86][S87][S111] 
[S133] 

Software 
testing 

(1) Helping to reduce testing time through using assume-guarantee properties in component testing, and (2) 
bugs identification and fixing. 

[S11][S13][S54][S123] 
[S133] 

Software 
maintenance 
and evolution 

(1) Effectively rechecking component-based systems based on components evolution through using the 
generated minimized assumptions, (2) helping discussions about the further evolution of the system, (3) 
improving knowledge transfer to support software maintenance and evolution, (4) making software evolution 
reliable, (5) making software maintenance simple, (6) assisting evolution release planning, (7) helping to 
detect, reduce, and fix, for instance, system failures/errors, end-product defects, system-level violations, and 
vulnerabilities through for example, making assumptions explicit, (8) providing warnings about application 
and system mismatches, and (9) reducing the risks of, for example, system failures. 

[S5][S13][S34][S35] 
[S45][S54][S61][S62] 
[S71][S72][S84][S85] 
[S86][S87][S92][S93] 
[S104][S111][S116] 
[S123][S114][S115] 
[S133] 
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Table 12. Other benefits of assumption management in software development 

Benefit type Benefits Studies 

System 
verification 

(1) Facilitating verification of software systems, including modular verification, component verification, and 
program verification, through, for example, providing automatic modular verification based on assume-
guarantee reasoning, (2) helping effective model checking of open systems and synthesis, and (3) enhancing 
the efficiency of model checking (e.g., performance) of source code. 

[S14][S20][S21] 
[S35][S38][S41] 
[S47][S55][S65] 
[S70][S72][S76] 
[S83][S110][S120] 

Cost (1) Reducing computational cost for modular verification in component-based systems through using 
assume-guarantee techniques, and cost of the maintenance of the design through prototyping assumptions 
with requirements, (2) helping to assess the cost of changing the system, (3) saving money, and (4) avoiding 
costly mistakes. 

[S5][S34][S35][S54] 
[S56][S63][S71] 
[S72][S92][S114] 
[S115]  

Traceability (1) Improving the traceability through tracing assumptions to software artifacts, and (2) helping to trace 
assumptions to design and implementation, and vice versa. 

[S36][S45][S54] 
[S85][S105][S111] 
[S116][S122][S127] 

Software 
development 

(1) Improving API development (e.g., automatically checking whether the usage of an API is well-behaved) 
through expressing assumptions as syntactic constraints, (2) improving embedded system development 
(e.g., helping modeling and analysis) through using a model based assume-guarantee principles, (3) 
improving multithreaded programs development (e.g., helping to model the behaviors of threads) through 
using assumptions and guarantees, (4) complementing agile development, (5) providing guidance for 
development process, (6) helping to design new software processes, (7) making software development and 
the usage of software reliable, (8) smoothening the transition between successive development iterations in 
iterative development, and (9) reducing the effort of software development. 

[S6][S44][S47][S65] 
[S80][S91][S92] 
[S105] 

Inconsistency 
management 

(1) Detecting mismatches between requirements and design decisions through using derivational analogy, 
(2) minimizing the risk that assumptions are incompatible with the specifications that are embedded in the 
assignment. 

[S19][S36][S59] 
[S75][S93][S97] 
[S115] 

Stakeholder (1) Helping users and designers to have a clear and consistent understanding on the software through using 
the structure and goal models that trace assumptions to requirements, (2) helping software teams to think 
more carefully not only about the application’s design but also how assumptions are manifested in software 
architectures, testing plans, and triage processes, (3) helping stakeholders to set more realistic expectations, 
(4) helping stakeholders to understand the modeling activities and the system, (5) giving stakeholders more 

[S38][S40][S80] 
[S85][S96][S99] 
[S133] 
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structure to the way of thinking and argumentation, and (6) gaining knowledge in the early phase of the 
development through integrating and executing the software models with assumptions in a virtual 
environment. 

Software quality (1) Improving software quality through, for example, making different types of assumptions of components 
explicit and making conscious decisions about the system’s inflexibility with respect to those assumed 
invariabilities, (2) improving system’s safety and reliability, and (3) enabling web services applications to be 
more flexible and intelligent. 

[S75][S85][S92] 
[S97][S100][S123] 

Miscellaneous (1) Helping to identify runtime alternatives for security control specifications that are more effective, (2) 
helping the satisfaction of security requirements, (3) using non-determinism in Assumption Description can 
facilitate system configuration through allowing analyzing the configuration-independent properties 
without enumerating the combinations of configuration settings, (4) helping runtime monitoring and 
component retrieval through generating the weakest environment assumptions, (5) improving the 
description of system (e.g., system behaviors) through, for instance, using an extension of the play-out 
algorithm with environment assumptions, (6) making it easier to reproduce problematic behaviors through 
checking components in isolation using assume-guarantee properties in component testing, (7) reducing the 
risks in projects (e.g., managing the risks of invalid assumptions through the partial automation process and 
analyzing risks through using assumptions as an explicit target), (8) helping bridge the gap between a 
system and its operational environment, (9) reducing unexpected or strange behavior in execution, 
increasing the confidence in system operation, and improving consistency management in execution 

[S5][S16][S53][S54] 
[S60][S67][S76] 
[S93][S97][S99] 
[S104][S124] 
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2.4.8.3 Challenges 

The challenges of assumption management in software development were 
classified into two types, i.e., “Assumption” (as an artifact) and “Assumption 
management” (as an activity) with twelve subtypes as presented in Table 13. 
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Table 13. Challenges of assumption management in software development 

Challenge type Challenge subtype Description Studies 

Assumption  Distinguishing 
assumptions from other 
artifacts 

It is difficult to distinguish assumptions from other types of 
software artifacts (e.g., requirements). 

[S88][S90][S114][S122] 

Assumptions classification It is difficult to classify assumptions in software development. [S11][S85][S99] 

Software failures and 
invalid assumptions 

It is difficult to analyze which software failures are caused by 
invalid assumptions. 

[S92] 

Gap between the expected 
and real world 

Assumptions in the expected world may not be present in the 
real world. 

[S18] 

Assumption 
management 

Assumption management 
activity 

It is difficult to conduct the assumption management 
activities, because of, for example, the required effort, 
incomplete information, or the lack of approaches, tools with 
guidelines to support the assumption management activities. 

[S6][S8][S9][S19][S24][S34][S35] 
[S36][S37][S38][S39][S40][S43][S44]
[S45][S60][S61][S66][S67][S68][S75]
[S76][S82][S84][S85][S86][S88][S89]
[S90][S91][S92][S99][S100][S104] 
[S105][S109][S113][S114][S115] 
[S118][S119][S122][S123][S125] 
[S129][S130][S132][S133] 

Assumptions explosion It is difficult to manage a large number of assumptions or 
assumptions with many states in the context of assume-
guarantee reasoning. 

[S85][S100][S102][S103][S105] 
[S123][S134] 

Awareness Stakeholders are not aware of the assumptions made in their 
work. 

[S2][S92][S105][S119][S133] 

Experience and knowledge Stakeholders do not have the required experience and 
knowledge for assumption management in software 
development, including the unfamiliarity of the assumption 
term and concept. 

[S43][S114][S131] 

Integration in software 
development 

It is difficult to integrate assumption management with 
software development activities or the whole software 
development process. 

[S85][S91][S105] 
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Lack of evidence of the 
benefits 

There is a lack of evidence for the benefits of assumption 
management in software development. 

[S105] 

Short-term benefits Assumption management does not have short-term benefits. [S100] 
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2.4.9 RQ8: What are the consequences when assumptions 
are not well managed in software development? 

We classified the consequences when assumptions are not well managed into 
five types (i.e., “Invalid assumption”, “Implicit assumption”, “Inconsistent assumption”, 
“Badly modularized assumption”, and “Others”) with twenty-six subtypes as 
presented in Table 14. “Invalid assumption” includes invalid assumptions, violated 
assumptions, and failed assumptions. 
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Table 14. Consequences when assumptions are not well managed in software development 

Consequence type Consequence subtype Studies 

Invalid assumption System issues (e.g., system vulnerability, system failures/errors, and integration defects) [S6][S11][S34][S38][S39] 
[S40][S78][S86][S87][S93] 
[S100][S104][S116][S123] 

Negative impacts on requirements (e.g., meaningless results from requirements analysis, obstacles 
to the security requirements, unable to meet the requirements, system quality problems, reducing 
the validity of the requirements, violation of requirements, and requirements risks) 

[S34][S38][S46][S67][S93] 
[S100][S104][S108] 

Undesirable consequence (e.g., unwanted variations in product family, unwanted side-effects of 
defects, unsatisfied execution, and unpredictable and/or unacceptable 
program/system/environment behavior) 

[S38][S40][S44][S84][S92] 
[S93][S104] 

Increased cost (e.g., increased maintenance cost and extra resources and rework) [S24][S44][S93]  

Business problems (e.g., customer dissatisfaction, loss of market share and reputation, and 
increased cost of business operations) 

[S93][S100] 

Increased mismatch with the context of software operation [S93]  

Increased possibility of bugs [S44] 

Misunderstandings between API clients and providers [S44] 

Implicit assumption System issues (e.g., system vulnerability, system failures/errors, runtime errors, and validity 
problems) 

[S2][S3][S6][S11][S78][S84] 
[S86][S87][S105][S116] 
[S119][S123][S133] 

Negative impacts to requirements (e.g., violating the requirements, false requirements, unable to 
meet the requirements, incomplete and not understandable requirements, requirements risks, 
increased uncertainty of requirements, and system quality problems) 

[S2][S3][S16][S32][S40][S60]
[S89][S92][S121][S132] 
[S133] 

Design-related problems (e.g., design violations, component composition problems, inflexible 
architecture, decreased evolvability, variability, and reusability of architecture solutions, 
architectural misunderstanding, and risks in architecting) 

[S85][S88][S89][S90][S114] 
[S119][S122][S132] 

Increased cost (e.g., the change turns out to be very costly, the next release takes too much time, 
rework, expensive maintenance, the costs for fixing the issues caused by implicit assumptions) 

[S2][S3][S40][S85][S89][S90]
[S114] 
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Inconsistency problems (e.g., conflicting assumptions that lead to system mismatch) [S32][S84][S90][S114]  

Hindering software evolution (e.g., not being aware of the changes during evolution) [S85][S114] 

Undesirable consequence (e.g., unexpected environment behavior) [S38] 

Traceability problems (e.g., loss of traces) [S114] 

Project delay [S132] 

Inconsistent 
assumption 

Architectural mismatch (e.g., mismatch between components and mismatch between models) [S49][S78] 

System issues (e.g., system failures and integration defects) [S123] 

Project risks [S78] 

Interoperability conflicts between components [S12] 

Budget and schedule overruns [S12] 

Badly modularized 
assumption 

Hindering architecture change impact analysis and trade-off analysis [S90] 

Increased cost (e.g., effort for understanding and analyzing requirements) [S90] 

Others  Design-related problems (e.g., expensive reconstruction of design rationale, unclear design criteria 
and environmental factors that impact the architecture, violating design integrity, and 
misunderstandings of design decisions) 

[S122] 

Negative impacts to requirements (e.g., ignoring business goals and constraints, and inappropriate 
change impact analysis on requirements and environmental factors) 

[S122] 



Assumptions and their Management in Software Development: A Systematic Mapping Study 

 

 61 

 

2.4.10 RQ9: What are the lessons learned from 
assumption management in software development? 

Normally a lesson learned can be presented in one sentence, several sentences, 
or several paragraphs, and there are more than 400 lessons learned identified from 
the studies. Therefore, we did not list all the lessons learned in this chapter due to 
the space limitation, but made them available online [61]. We further classified 
them into three types as the following: 

(1) Impact of assumptions 

This type refers to the lessons learned concerning how assumptions impact 
software development, such as software artifacts, software qualities, resources, and 
development activities. 

(2) Suggestion for assumption management 

This type covers the suggestions and guidelines proposed in the studies about 
assumption management in software development (i.e., how to manage 
assumptions), such as assumptions classification, assumption management and 
agile development, assumptions awareness, and assumption management 
activities. 

(3) Understanding of assumptions 

This type collects the lessons learned about the understanding of assumptions in 
software development from the studies, such as the role of assumptions and 
characteristics of assumptions in software development. 

Table 15 shows the studies of the three types as well as the representative 
examples of each type. 

 
Table 15. Lessons learned of assumption management in software development 

Lessons learned 
type 

Description Studies 

Impact of 
assumptions 

Three examples: 
Assumptions are part of the program 
properties and assumption failures impact 
program behavior in an unexpected fashion 
[S93]. 
The authors learned that design decisions are 
based on the assumed environmental 
characteristics (i.e., assumptions) [S86]. 
A requirement model contains assumptions, 
and these assumptions are the driver for 
requirement evolution [S4]. 

[S4][S5][S6][S16][S17][S18][S31]
[S32][S34][S35][S38][S39][S40] 
[S43][S50][S59][S60][S61][S63] 
[S75][S78][S80][S82][S85][S86] 
[S88][S89][S90][S91][S92][S93] 
[S94][S96][S99][S100][S104] 
[S105][S106][S111][S114][S115] 
[S116][S118][S120][S122][S133] 

Suggestion for 
assumption 
management 

Three examples: 
Based on the results of their case study, the 
authors concluded that the assumptions 
considered to be more stable by stakeholders 

[S2][S3][S4][S5][S6][S7][S8][S9] 
[S11][S15][S16][S19][S20][S24] 
[S26][S28][S29][S31][S33][S34] 
[S35][S36][S38][S39][S40][S41] 
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2.5 Discussion 
The studies are distributed over 94 publication venues. This indicates that 

assumptions and their management have been a widespread topic in software 
engineering. Interestingly, the top two venues listed in Table 87 include only six 
and five selected studies respectively, and there are no venues that specifically 
publish studies on assumptions and their management in software development. 
This section presents analysis of the results (see Section 2.5.1), a comparison 
between automatic and manual assumption management (see Section 2.5.2), and 
discusses implications for researchers (see Section 2.5.3) and practitioners (see 
Section 2.5.4). 

2.5.1 Analysis of results 
(1) Definitions of assumption 

As shown in Table 5, only twenty-one studies (out of 134, 15.7%) explicitly 
defined the assumption concept. One potential reason for this result is that the 
word “assumption” is general and frequently used in software development; thus 
the concept and the term “assumption” may be expected as common knowledge 
[7][47]. Comparing the twelve definitions from Table 5 (as shown in Table 16), 
most of them (5 out of 12, 41.7%) do not define the word “assumption”. Instead they 
directly use the word “assumption” in their definitions, and focus on what exactly 
assumptions concern. For example, in [S98], the authors limit the scope of context 
assumption as “the laws of the physical world and the behavior of other systems”. Four 
definitions (out of 12, 33.3%) explicitly mention that the essence of an assumption 
is “uncertainty”, which is consistent with the discussion in Section 2.2. 

can have a more significant impact when they 
turn to be invalid than those assumptions 
regarded less stable [S105]. 
When constructing an interface, it is necessary 
to make sure that there exists at least one 
environment that satisfies its input 
assumptions [S33]. 
The ability to model environment assumptions 
(e.g., the assumptions made for physical 
environment of the system) is crucial [S16].  

[S42][S43][S46][S49][S53][S54] 
[S55][S59][S60][S61][S62][S63] 
[S65][S67][S68][S71][S72][S73] 
[S74][S75][S76][S78][S79][S80] 
[S84][S85][S86][S88][S89][S90] 
[S91][S92][S93][S94][S95][S97] 
[S99][S100][S101][S102][S103] 
[S104][S105][S108][S109][S111] 
[S113][S114][S115][S116][S117] 
[S118][S119][S121][S122][S124] 
[S126][S127][S129][S132][S133] 

Understanding of 
assumptions 

Three examples: 
Implicit assumptions are cross-cutting, because 
their impacts can be diffuse [S85]. 
Assumptions made about the environment of 
system operation can become invalid during 
system operation [S104]. 
Different stakeholders may have different 
assumptions, and these assumptions can be 
either consistent or inconsistent [S78]. 

[S2][S3][S4][S5][S8][S12][S13] 
[S18][S24][S26][S32][S34][S39] 
[S40][S44][S45][S46][S48][S60] 
[S63][S67][S68][S74][S75][S78] 
[S85][S86][S88][S89][S90][S91] 
[S92][S93][S97][S98][S100] 
[S104][S105][S106][S114][S115] 
[S120][S132][S133] 
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Table 16. Number of the definitions of assumption over core concepts 

Core concept Number of definitions (%) 

Assumption regarding a specific context  5 (41.7%) 

Uncertainty 4 (33.3%) 

Trusted choices, statements, and opinions 1 (8.3%) 

Implicit design decisions and the rationale 1 (8.3%) 

Invariabilities 1 (8.3%) 

 
(2) Types of assumptions and related software artifacts 

As shown in Table 6 and Table 88, the majority of assumptions in software 
development are made or related to the artifacts in requirements engineering (76 
out of 134, 56.7%) and software design (104 out of 134, 77.6%). There are two 
potential reasons: (a) Assumption mainly emerge in the early phases of software 
development (e.g., requirements engineering), due to the lack of information, 
knowledge, and evidence in those phases. (b) The usage of the terms in various 
phases could be different. For example, developers may use a different term when 
talking about assumptions in later development phases.  

Though one type of artifacts can be involved in one or several software 
development activities, in this SMS, only the primary activity was considered in 
which the type of artifacts are created and managed (e.g., requirements in 
requirements engineering). As a result, no artifacts are related to assumptions in 
software maintenance and evolution as presented in Table 6, and consequently, 
this could be another reason why there are not many studies being classified as 
software maintenance and evolution in Table 88 (types of assumptions related to 
software development activities). 

Furthermore, according to Table 6 and Table 7, assumptions and certain type of 
software artifacts are interweaved in software development and are characterized 
by complex relationships (e.g., the relationships between an assumption and 
another type of artifact can be zero, one, or multiple, as well as unidirectional or bi-
directional, see Chapter 3). Examples and further discussion can be found in 
Section 2.4.3 and Section 2.5.3 respectively. 
(3) Assumption management activities, approaches, and tools 

As shown in Table 89, there are twelve assumption management activities 
identified from the studies, but most effort has been put on Assumption Making 
(108 out of 134, 80.6%), Description (89 out of 134, 66.4%), and Evaluation (83 out 
of 134, 61.9%). Assumption Maintenance (30 out of 134, 22.4%) received moderate 
attention. Other assumption management activities were mentioned in less than 
15.0% of the studies. One reason may be that Assumption Making, Description, 
Evaluation, and Maintenance were considered as primary assumption 
management activities in software development; if assumption management is 
undertaken, these primary activities are most likely to take place. In contrast, other 
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activities were treated as activities of secondary significance (e.g., are not likely to 
happen). We provide further argumentation about the value of the four primary 
assumption management activities in Table 17. 

 
Table 17. Rationale of the primary assumption management activities 

Activity Rationale 

Making Assumption Making is the first step of assumption management, since no 
assumption can exist without making it. 

Description Despite being an important type of software development knowledge, 
assumptions are usually kept undocumented in projects; this is one of the most 
critical problems in software development, and leads to a multitude of issues (see 
Section 2.4.9). Therefore, documenting assumptions in an explicit way is of 
paramount significance in software development. 

Evaluation Assumptions may be invalid in the first place (see Section 2.2). However, this 
invalidity may be undetected. Moreover, assumptions have a dynamic nature, 
referring to that assumptions can evolve over time (see Section 2.2). Finally, 
assumptions are context dependent, i.e., they can be different depending on the 
context (e.g., project context) (see Section 2.2). As invalid assumptions could be 
rather harmful (e.g., leading to architectural mismatch) in projects (see Section 
2.4.9), Assumption Evaluation is a necessary step to identify such invalid 
assumptions.  

Maintenance As mentioned in Section 2.2, assumptions have a dynamic nature and they are 
context dependent, which can lead to a number of invalid assumptions in 
projects, and further cause a multitude of issues, such as architectural mismatch. 
This motivates the need of Assumption Maintenance. For example, when the 
context changes, an assumption may need to be adapted in order to fit the new 
context.  

 

For assumption management approaches, the situation is similar to assumption 
management activities, as the top four types are Assumption Making, Description, 
Evaluation, and Maintenance approaches (see Table 90). On the contrary, there are 
only a few approaches related to Assumption Tracing (5 out of 134, 3.7%), 
Monitoring (3 out of 134, 2.2%), and Recovery (1 out of 134, 0.7%), and there are no 
approaches that specifically support Assumption Communication, Reuse, 
Understanding, Searching, and Organization. Similarly as before, this could be 
attributed to not considering these activities as primary activities for assumption 
management in software development. 

As shown in Table 8, most of the tools (19 out of 34, 55.9%) identified from the 
studies were used to support assume-guarantee reasoning. One reason is that 
many proposed approaches from the studies are related to assume-guarantee 
reasoning. Moreover, as shown in Table 9, concerning the other tools (15 out of 34, 
44.1%), most of them can be used to support Assumption Description (12 out of 15, 
80.0%). This is an intuitive result since stakeholders cannot manage assumptions, if 
they are not explicitly described. 
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Furthermore, the approaches and tools are related to their context of use. For 
example, assume-guarantee reasoning is a powerful approach for system 
verification, including verification of components, source code, threads, and 
models, and can support assumptions activities, such as Assumption Making, 
Description, and Evaluation. However, in other contexts of software development 
(e.g., requirements analysis and design decisions making), assume-guarantee 
reasoning may not be suitable. Such context of use is an important factor for 
adopting the approaches and tools in practice. 
(4) Stakeholders 

Table 10 shows the stakeholders involved in assumption management activities 
according to the software development activities. An interesting result is that all 
the identified types of stakeholders are involved in Assumption Making in their 
work, followed by Evaluation and Description. Stakeholders in requirements 
engineering (e.g., requirements engineer), software design (e.g., designer), and 
software construction (e.g., developer) play a central role in assumption 
management. On the contrary, there are no studies that explicitly mention which 
stakeholders should be involved in Assumption Reuse, Searching, and 
Organization.  
(5) Benefits and challenges 

The benefits of assumption management were classified into thirteen types (see 
Table 11 and Table 12). Notably, these benefits may not come for free, because they 
depend on various conditions (e.g., using specific assumption management 
approaches, activities, or tools), or may raise certain challenges in assumption 
management. For example, documenting assumptions can make assumptions 
explicit which alleviates the problems caused by implicit assumptions in software 
development. However, this may raise the challenge of how to document 
assumptions in a cost-efficient way: stakeholders may need to spend much effort 
on Assumption Description, but the documents of assumptions may be 
unnecessary and useless in projects. Therefore, trade-offs between getting the 
benefits of managing assumptions and dealing with the related challenges need to 
be considered. 

Table 13 shows the classification of the challenges of assumption management 
in software development. The major challenge identified from the studies is the 
difficulty of performing assumption management activities in software 
development. The reasons are that these activities required non-trivial effort, they 
were conducted with incomplete information, and there was a lack of supporting 
approaches and tools with guidelines for the assumption management activities. 
(6) Not well-managed assumptions 

Table 14 shows the classification of the consequences when assumptions are not 
well managed. Most of the negative consequences are caused by invalid or implicit 
assumptions. One reason is that assumptions exist in different phases of software 
development, interact with various software artifacts, and are related to many 



Chapter 2 

 

 66 

stakeholders. If assumptions are invalid or implicit, certain aspects of the project 
can be negatively impacted. This result also supports the significance of 
assumptions in software development, and that making assumptions explicit and 
reducing the number of invalid assumptions are critical to mitigating the negative 
consequences. 
(7) Lessons learned 

We classified the lessons learned into three types, and provided three examples 
for each type as shown in Table 15. Similar to the approaches and tools, the lessons 
learned also rely heavily on their context of use. Taking one of these lessons 
learned and adopting it as-is in a different context may not be an optimal fit but 
instead may cause significant problems in assumption management. For example, 
in [S104], the authors learnt that assumptions made about the operating 
environment may become invalid during system operation; the context of this 
lesson learned is the operating environment. However, other types of assumptions, 
such as assumptions about components, may not become invalid during system 
operation. 

2.5.2 Comparison of automatic and manual assumption 
management 

As discussed in Point (4) of Section 2.2, there is a significant difference 
regarding automatic (AAM) and manual (MAM) assumption management. In this 
section, we compare and discuss AAM and MAM regarding thirteen different 
aspects based on the RQs as shown in Table 18.  

 
Table 18. Comparison of automatic and manual assumption management 

Aspect Automatic assumption management Manual assumption management 

Definition The studies related to AAM usually 
do not define the assumption 
concept. 

There are several explicit definitions of 
‘assumption’ in MAM-related studies. 

Objective AAM is usually used for system 
verification, including modular, 
component, and program 
verification. Assumptions are 
automatically managed in AAM. 

MAM is used for various purposes, 
including managing assumptions in the 
five software development activities (see 
Appendix A.2). MAM usually need the 
involvement of stakeholders (e.g., making 
assumptions by architects). 

Software 
development 
activity 

AAM is mainly used in software 
design and construction and rarely 
used in other software development 
activities. 

MAM is mainly used in requirements 
engineering and software design; 
moderately used in other software 
development activities. 

Software artifact The most related artifact of AAM is 
component. Other types of artifacts 
such as interface, source code, 
thread, model, and requirement can 
also be involved. 

The artifacts related to MAM are various, 
including requirement, architecture, 
design decision, component, model, and 
source code. 

Classification of AAM-related studies usually do not There are certain classifications of 
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assumptions classify assumptions. assumptions identified in MAM-related 
studies. 

Assumption 
management 
activity 

The main assumption management 
activities in AAM are Making, 
Description, and Evaluation. The 
other activities are rarely used in 
AAM. 

The main assumption management 
activities in MAM are Making, 
Description, Evaluation, and Maintenance. 
The other activities can be used in MAM. 

Approach The representative approach in AAM 
is assume-guarantee reasoning. 

There are no representative approaches in 
MAM. 

Tool There are certain tools dedicated for 
AAM. 

Most of the identified tools for MAM are 
either general tools in software 
development, or aim at managing other 
types of artifacts but can be used for 
MAM. 

Stakeholder The studies related to AAM usually 
do not mention who should be 
involved. 

The studies related to MAM include 
various types of stakeholders, such as 
customer, requirements engineer, 
designer, and developer. 

Benefit Most of the benefits mentioned by 
the AAM-related studies are for 
software design, construction, and 
verification. 

MAM can benefit all the five software 
development activities (see Appendix A.2) 
as well as other aspects such as improving 
software quality and traceability between 
artifacts. 

Challenge Most of the challenges in AAM are 
related to assumption management 
itself, such as how to handle the 
assumptions explosion problem. 

Challenges of MAM are related not only 
to assumption management itself, but also 
the assumption concept, such as 
understanding and classification of 
assumptions.  

Consequence of 
not well-
managed 
assumptions 

The studies related to AAM usually 
do not mention the consequences 
caused by not well-managed 
assumptions. 

The studies related to MAM identified 
various consequences of not well-
managed assumptions, such as system 
failures and design-related problems. 

Lessons learned Most of the lessons learned in AAM 
are suggestions for assumption 
management, especially suggestions 
regarding how to use the related 
approaches, tools, etc. 

The lessons learned of MAM cover all the 
three aspects in Table 15, i.e., impact of 
assumptions, suggestions for assumption 
management, and understanding of 
assumptions. 

 

2.5.3 Implications for researchers 
(1) As shown in Fig. 9, 29.9% of the studies have practitioners as authors. 

According to the results of this SMS, assumptions as well as their 
management play an important role in software development, and we 
encourage researchers to collaborate more with practitioners in their studies. 

(2) Based on the presented evidence, there are only a few studies that make the 
“assumption” concept clear, while most of the studies do not provide any 
definition. Researchers need to explain and disambiguate the concept and the 
term “assumption” in their own work. 
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(3) Though we advocated classifying assumptions based on the five software 
development activities from SWEBOK [3], there is a need to verify its 
suitability or further adapt this classification in practice. 

(4) Two potential reasons (see Point (2) of Section 2.5.1) are provided regarding 
why the majority of assumptions in software development are made or 
related to the artifacts in requirements engineering and software design. 
However, there is a need to confirm these reasons in further research. 

(5) Assumptions are related to various types of software artifacts. Nine types of 
relationships between assumptions and certain types of artifacts were 
identified. There is a need to study in more detail why, how, and when 
assumptions can impact certain types of artifacts or vice versa. 

(6) Not all the assumption management activities received the same attention 
according to the studies. It is valuable to identify and analyze the benefits, 
costs, or other factors of the assumption management activities in software 
development. 

(7) The approaches and tools for assumption management have their context of 
use. Researchers need to make clear the context of use when introducing a 
new assumption management approach or tool. Furthermore, no studies 
employed Assumption Communication, Reuse, Understanding, Searching, 
and Organization, and most of the tools were used for assume-guarantee 
reasoning (19 out of 34, 55.9%) and Assumption Description (12 out of 15, 
80.0%, 15 is the number of the tools not used for assume-guarantee reasoning, 
see Section 2.4.6.2). There is a need to explore the possibility of employing 
these assumption management activities in software development, and 
provide more dedicated tools, especially in cooperation with industry. 

(8) Table 10 shows that all the types of stakeholders have been involved in 
Assumption Making, followed by Evaluation and Description; the 
stakeholders of requirements engineering, software design, and software 
construction play a central role in assumption management. Besides 
conducting assumption management activities, we also identified another 
four types of relationships between stakeholders and assumption 
management as presented in Section 2.4.7. This result indicates that 
researchers need to pay attention to different stakeholders when integrating 
assumption management in software development. Additionally, we argue 
that the stakeholders and their related assumption management activities 
collected from the selected studies are not complete. For example, there are no 
studies that explicitly mention which stakeholders should be involved in 
Assumption Reuse and Searching. One reason may be that “stakeholders” were 
not a major concern in the studies. Researchers are encouraged to delve into 
this topic, in order to make clear, for example, the responsibilities of 
stakeholders in assumption management. 
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(9) The benefits of assumption management are mostly based on certain 
conditions (e.g., the approaches or tools used). Researchers need to present 
the factors that may impact on the benefits when introducing their work. 

(10) Most negative consequences were caused by invalid or implicit assumptions, 
and we suggest that researchers focus on how to make assumptions explicit 
and reduce the number of invalid assumptions. 

(11) There is a significant difference between automatic and manual assumption 
management, regarding their pros, cons, characteristics, etc. An interesting 
topic is to combine automatic and manual assumption management (e.g., 
using assume-guarantee approaches with different types of stakeholders 
involved). 

2.5.4 Implications for practitioners 
(1) Practitioners need to reach an agreement on the understanding of 

assumptions in their own context, organization, or projects, in order to reduce 
the ambiguity of the assumption concept and term. 

(2) Practitioners need to understand that assumptions should be managed from 
the early phases of software development. We suggest that practitioners 
reflect on when exactly to manage assumptions and which assumptions are 
more critical to manage in software development. 

(3) Assumptions are related to various types of software artifacts, and there are 
twelve assumption management activities identified and collected in this SMS. 
We suggest that practitioners make explicit decisions on how to manage 
assumptions based on their available resources. For example, if resources are 
scarce, it is more beneficial to only include Assumption Making, Description, 
Evaluation, and Maintenance, than covering all the assumption management 
activities. 

(4) The approaches, tools, benefits, and lessons learned of assumption 
management have their own context as detailed in Section 2.5.1. For example, 
practitioners need to consider critically the benefits and lessons learned of 
assumption management, regarding their specific context. 

(5) The challenges of assumption management (see Section 2.4.8.3) and the 
consequences of not well-managed assumptions (see Section 2.4.9) can act as a 
checklist for practitioners. We suggest that practitioners become aware of the 
challenges and the negative consequences when assumptions are not well 
managed. 

(6) Practitioners make assumptions in their work without being aware of them, 
and therefore these assumptions stay implicit, and no one knows whether and 
when they turn to be invalid. Having a fair understanding of assumptions, 
acknowledging that practitioners make assumptions in their work, and 
perceiving the existing assumptions are the first significant steps of 
assumption management in practice. 



Chapter 2 

 

 70 

2.6 Threats to validity 
The validity threats of this SMS exist during all the phases of conducting the 

study. This section discusses the threats according to the SMS phases, i.e., study 
search and selection (see Section 2.6.1), data extraction (see Section 2.6.2), and data 
analysis (see Section 2.6.3).  

2.6.1 Study search and selection 
We may have omitted related studies due to several reasons such as personal 

bias during the selection phases; this may have a negative impact on the results of 
this SMS. The following strategies were used to reduce the risks. 

(1) Seven popular databases (e.g., IEEE Explore) on software engineering were 
included for the database search and we also used Snowballing for manual 
search. 

(2) We designed and reached an agreement on inclusion and exclusion criteria 
(see 2.3.2.2.4) for selecting studies, which helped to avoid 
misunderstandings between the researchers. 

(3) A trial search and selection was conducted to enhance the quality (e.g., 
correctness) of this SMS (see Section 2.3.2.1) before the formal search and 
selection. 

(4) Two researchers conducted all the selection phases independently in the 
formal search and selection, and the results were reviewed by another two 
researchers. 

(5) Furthermore, before conducting each phase in both the trial and formal 
search and selection, the researchers had a meeting to resolve problems 
(e.g., misunderstandings and conflicts between researchers) of the 
previous phase and reached an agreement about the execution of the next 
phase.  

Another threat is that we may have missed primary papers published before the 
year 2001. As discussed in Section 2.3.2.2.2, to the best of our knowledge, there are 
no papers that can potentially act as milestones of assumptions and their 
management in software development. Furthermore, we considered that 15 years 
is a reasonable period for the topic of this SMS. 

2.6.2 Data extraction 
Personal bias may decrease the quality of the extracted data from the studies 

(e.g., incompleteness of the extracted data). The strategies used to mitigate this 
threat are the following: 

(1) We designed and reached an agreement on the data items. 
(2) Potential problems in data extraction (e.g., whether certain data should be 

extracted) were discussed by the researchers. For example, we might find 
certain data related to system failure, however, it is not caused by not well-
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managed assumptions, but other reasons. Then this data should not be 
extracted. 

(3) A trial data extraction was conducted before the formal data extraction. 
(4) The data was extracted by one researcher, and was checked and confirmed 

by another researcher. 

2.6.3 Data analysis 
Data analysis can be potentially impacted by personal bias, mistakes (e.g., 

because of carelessness), and low quality of the extracted data. The following 
strategies were used to mitigate the threats: 

(1) Potential problems in data analysis were discussed by the researchers. 
Two representative examples: whether the data of a RQ should be 
analyzed through descriptive statistics or Constant Comparison; whether a 
code of qualitative data is correct and precise. 

(2) The data was analyzed by one researcher, and was checked and confirmed 
by another researcher. 

(3) The data without a clear description was excluded from the results of this 
SMS. 

(4) The MAXQDA tool4 used in this SMS is suitable especially for qualitative 
data analysis. For example, using its coding system and visualization tools 
can reduce the threat of mistakes in data analysis. 

2.7 Conclusions 
In this chapter, we conducted an SMS that covers the publications from January 

2001 to December 2015 on the topic of assumptions and their management in 
software development. 19,428 papers were retrieved from the databases in the first 
place, and a final set of 134 papers was selected for further data extraction and 
analysis. This SMS provides a comprehensive overview of the state of the research 
and practice, acts as a foundation for future work on this topic, and helps 
practitioners to better understand and manage assumptions in their work. 

We draw conclusions in nine aspects:  
(1) The studies were published in 94 venues, which indicates that 

assumptions and their management has been a broad topic in software 
engineering. Most of the studies were published in conferences (81 out of 
134, 60.4%), followed by journals (34 out of 134, 25.4%). However, the top 
two venues in Table 87 published only six (out of 134, 4.5%) and five (out 
of 134, 3.7%) studies respectively, and there are no venues that specifically 
publish studies on assumptions and their management in software 
development. 

                                                           
4 http://www.maxqda.com/ 
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(2) Only twenty-one studies (out of 134, 15.7%) explicitly defined the 
assumption concept. Though the assumption concept may be expected as 
common knowledge in software development, it is rather important to 
make this concept clear in both research and practice. 

(3) Most assumptions are made or related to the artifacts in requirements 
engineering and software design, which demonstrates that assumptions 
should be managed from the early phases of software development. 
However, the rationale behind this phenomenon is unclear, and therefore, 
more investigation is needed. Furthermore, eight types of relationships 
between assumptions and other types of artifacts were identified in this 
SMS. There is a need to maintain these relationships as well as to identify 
new relationships in further studies. 

(4) Though twelve assumption management activities were explored in the 
selected studies of this SMS, much effort (e.g., the related approaches) has 
been put on Assumption Making, Description, and Evaluation, while 
Assumption Maintenance received moderate attention. As discussed in 
Section 2.5.1, these four activities could be considered as primary activities 
in assumption management. However, this conclusion needs further 
validation. 

(5) More than half of the tools identified from the studies are aimed at 
supporting assume-guarantee reasoning. For the other tools, most of them 
can be used to support Assumption Description. As assume-guarantee 
reasoning is a specific part within the topic of assumptions and their 
management in software development, there is a clear need to develop 
more dedicated tools, especially tools that support not only Description, 
but also other assumption management activities, such as Tracing. 

(6) All the identified types of stakeholders are involved in Assumption 
Making in their work, followed by Evaluation and Description. 
Stakeholders involved in requirements engineering, software design, and 
software construction play a central role in assumption management. On 
the contrary, there are no studies that explicitly mention which 
stakeholders should be involved in Assumption Reuse, Searching, and 
Organization. There is a need to further explore the rationale behind this 
phenomenon, as well as to develop a clear map between stakeholders and 
assumption management activities. 

(7) As identified in this SMS, the main challenge is the difficulty of performing 
assumption management activities in software development. Addressing 
this challenge should be considered as the most burning issue when 
managing assumptions. 

(8) The identified assumption management approaches, tools, benefits, and 
lessons learned are limited to their specific contexts (e.g., context of use or 
preconditions). As an example, though certain benefits of managing 
assumptions in software development were identified from the selected 
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studies, they are not for free, but depend on various conditions (e.g., using 
specific assumption management approaches, activities, or tools), or may 
raise certain challenges in assumption management (e.g., how to balance 
the benefits of assumption management and the required effort). This 
finding motivates further investigation on generalizability of such 
approaches, tools, benefits, and lessons learned, and return on investment 
of assumption management in software development. 

(9) Most of the negative consequences identified in this SMS are caused by 
invalid or implicit assumptions. Therefore, one conclusion is that reducing 
invalid and implicit assumptions is critical in software development. 

Besides the analysis of literature, we also conducted a study to investigate the 
state of the practice regarding architectural assumptions and their management in 
industry (see Chapter 3). 
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