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Abstract – Openness has become a widely requested 

property, mostly of data and software. Generally, being 

“open” is seen as advantageous; sometimes a demand is 

stated that all software and data should be free, in other 

words: non-open (or less open) data and software should 

not even exist. On the other hand, neither all data, nor 

all software is openly available today. Vendors and 

research centers often regulate data access, and software 

users still oftentimes decide to invest into licenses of 

proprietary software – obviously, with a reasons for 

doing so. 

In this contribution, based on a strong own 

involvement in and experience with the open-source 

community, we provide a balanced analysis of open data 

and software and additionally consider the role of open 

standards. Ultimately, it turns out that open data and 

software models constitute particular business models 

with particular properties to be considered before 

deciding about a specific model. Further, we motivate 

that there is a variety of possible business models which 

all can coexist in the market. As such, this paper can 

serve for clarification in an often heated, sometimes 

emotional discussion, contributing to more fact-based 

choices. 

Keywords — open data, open-source software, open 

services, open standards 

I. INTRODUCTION 

The movement for Open Science has been around for two 

decades and is supported by learned societies, research org-

anisations, funding agencies, and others. Openness has 

become a widely requested property, mostly of data and 

software. Generally, being "open" is seen as advantageous; 

in places even a demand is stated that all software and data 

should be free, in other words: non-open (or less open) data 

and software should not even exist. However, even within 

the supporter communities, ―Openness may sound self-evid-

ent, but in fact it can mean different things, even within the 

Open Science community‖ [1]. A typical understanding of 

open knowledge is that the provider of knowledge should 

offer it for uninhibited access [2].  

Conversely, after decades of active promotion of open-

ness into society and even political communities, in practice 

neither all data nor all software is openly available. Vendors 

and research centers often regulate data access, and users 

still decide to invest into licenses of proprietary software. 

There seem to be valid reasons for restricting openness.  

Which is debated heavily. While balanced discussions 

exist [3], oftentimes they are conducted very emotionally: 

proponents of unlimited openness diagnose ―digital feudal-

ism‖ [4] while impositions like ―all software should be open 

source‖ by others are called ―software communism‖. Also 

the ―right‖ way of doing open source is being debated heat-

edly: ―Open source is an amoral, depoliticized substitute for 

the free-software movement‖ and ―it's much easier to be a 

supporter of open source, because it doesn't commit you to 

anything‖ [5]. Interestingly, free and open provisioning typ-

ically is tied to intangible products. Free and open VLSI 

chips or other engineering artifacts are not nearly addressed 

as intensively as are software engineering artifacts.  

In this contribution, we discuss openness of data, soft-

ware, standards, and services, thereby assessing the impact 

of each facet on Open Science. Goal is to collect a solid 

factual basis in a discussion which oftentimes is dominated 

by emotional arguments. This is done based on the author’s 

own strong involved involvement in both proprietary and 

free and open-source software (FOSS) development since 

decades, in academic and industrial setups, and as Open-

Source Geospatial Foundation (OSGeo) Charter Member.  

We attempt to clarify what kind of openness is most 

critical for a satisfying user experience, where ―user‖ can 

mean someone accessing some online service, but also oper-

ators of such a service in the sense that they utilize some 

(open or closed) software and data. We will want to make a 

point for thinking in terms of interfaces rather than imple-

mentations, which leads to the adherence to standards as a 

critical factor not only for interoperability, but also vendor 

independence. As such, for decision makers this should 

make it easier to define requirements, separate concerns, and 

ultimately make more fact-based decisions. 

The remainder of this paper is organized as follows. In 

Section 2 we inspect ―dimensions‖ of openness relevant in 

software world. In Section 3 we discuss the factual contrib-

ution of each such dimension towards the stated goals. 

Section 4 concludes the plot. 
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II. DIMENSIONS OF OPENNESS 

The business models under which the technologies invest-

igated are made available vary widely – from proprietary 

over dual-license to open-source. Therefore, and because we 

sometimes observe confusion about the meaning and 

consequence of an "open-something", we briefly discuss 

these core terms heavily debated in the science data domain. 

Note that the goal is not to define or even explain in all 

detail – this has been done many times elsewhere already – 

but to specifically talk about the terms open data, open 

source, open services, and open standards. 

A related term is "free" meaning that access or use is 

free of cost; ―open‖ tentatively differentiates itself against 

that: Open items not necessarily are free of cost, and free-of-

cost access is no guarantee for openness [6]. 

A. Open Data 

Open data is the idea that data should be freely available for 

everyone to use and republish as they wish, without restrict-

ions from copyright, patents or other mechanisms of control 

such as constraining access to certain user groups. Like the 

concepts below, we will discuss in detail in the next section. 

B. Open Source 

The Open Source Initiative (OSI) lists over 110 different 

license types [7] and an annotated definition [8]. This term 

refers to the software used, e.g., to serve or access data (i.e., 

servers and clients in Web-based information systems). Pro-

grams typically are written in some high-level language. For 

each language it needs compilers or interpreters translating 

this source code into machine code which can be executed 

by a particular CPU. Note that for one and the same lang-

uage often different compilers exist, not to speak of the 

manifold options of a compiler impacting the code gener-

ated – we will need this fact later. In practice, interpreted 

code like python is easier to handle, maybe one reason for 

its recent embracing by data scientists (so not trained comp-

uter scientists). Compiled like C++ may still comprise subst-

antial hurdles which typically requires substantial technical 

skills. 

Furthermore, even open source code runs in the partic-

ular "environment" of some computer hosting the service. 

As such, the program will use external libraries whose 

source code may or may not be open, and it has been 

derived from the source code through a compiler which 

itself may or may not be open. Dependencies are manifold, 

essentially reaching down to the hardware and networks. 

C. Open Service 

Whether it is data access or processing, always services are 

involved. Even in the most trivial data download of files the 

server (sic!) must provide APIs like ftp or scp to accomplish 

the download. This gets us to a hitherto unaddressed aspect, 

that of open services, which actually can mean two indep-

endent things: 

 All functionality the API advertises is available to 

clients without restrictions on region, user group, etc. – 

very much like with open source. 

 The service API is published so that own clients can be 

built, rather than shrink-wrapped client / server applic-

ations. This addresses interoperability. 

We concentrate on the second option because it is 

closely related to the open standards: if the service API 

follows open standards then third parties can build clients 

which, in turn, may connect to further services offering the 

same API. 

Stating the obvious, open service does not mean open 

access to the complete software installation. Typically 

service operators will – for good reason – not publish details 

about their hardware/software stack. For example, it is not 

usual (and of no particular interest to most users) what 

database system a service uses underneath. We come back 

to this in the next section.  

D. Open Standards 

In IT world, standards typically establish data formats and 

interfaces between software components so that software 

artifacts written by different, independent producers (say, 

different companies or different departments within a comp-

any) still can communicate and perform a given task jointly, 

like building complex systems. Building software based on 

only interface knowledge and without knowledge about the 

internals of how a component establishes the behavior desc-

ribed by the interface definition is a key practice in Software 

Engineering; without such boxed and layered thinking the 

complexity of today's software would be absolutely intract-

able and unmanageable. 

Like with data, a standard is called open if it is access-

ible to everybody without discriminating; some of those 

standards additionally are free of cost (such as with the 

Open Geospatial Consortium, OGC) while others are avail-

able against a (usually moderate) fee, such as with ISO. 

Some standardization bodies offer compliance suites 

allowing validation of implementations against an official 

test suite, such as the OGC compliance test suite [9].  

III.  ASSESSMENT 

In this section we argue that the categories data, code, 

service, and standards are independent from each other, 

trying to provide a differentiated picture.  

A. Open Data 

As our society at large today depends so much on data it 

seems natural to make data available for public use where 

this public needs it (which, like with software, does not nec-

essarily mean free of cost – for example, the European 

Union funds acquisition of satellite imagery bought from the 

satellite operators, and then made available for free). In 

academia, a free flow of data and knowledge has been a key 

concept in science since long, fostering peer review, reprod-

ucibility, societal impact, and collaborative research [10].  



Still, there are valid reasons for withholding data or 

limiting their reuse. One example is the thesis work done by 

a PhD researcher. Would all the data acquired with often 

substantial effort be forced to get published immediately it 

could happen that some other researcher took the data, pub-

lished insights themselves faster (because of more exper-

ience or better evaluation resources like a larger team or 

computational power), and thereby kill the PhD topic for the 

student. Therefore, a limited ―embargo time‖ is common. 

Further reasons include: military intelligence is not to be 

shared publicly; data obtained through some effort by a 

company should be allowed to generate revenues; privacy 

protection reasons, etc. In this context a session ―The Limits 

of Open‖ was held at the Annual European Geosciences 

Union General Assembly in 2021 [11]. Remarkable is also 

the Aarhus Convention [12], an international legal frame-

work on access to environmental information. In practice, 

our experience is that by giving data providers the freedom 

to design access control policies they are more inclined to 

operate basically open services. 

An indirect obstacle to open access – aside and indep-

endently from organizational restrictions and holding back – 

can be the difficulty of access due to reasons such as un-

common data formats, unwieldy data granules (such as 100 

GB TIFF files which cannot be loaded into a desktop 

RAM), access interfaces requiring high technical back-

grounds, or interfaces posing particular hardware require-

ments (high client-side hardware resource needs, high-

bandwidth connection, etc). Hence, offering open data also 

has an implication on the ease of use of the data offered. In 

this context, an interesting and widely embraced initiative 

has been launched by the USGS Landsat team coining the 

term Analysis Ready Data (ARD) [13], and much research 

is being investigated meantime, such as by CEOS [14] and 

OGC [15], among others. In this approach, data centers tent-

atively undertake high effort in preparing (homogenizing, 

restructuring, cleansing, etc.) data in a way that reduces such 

intrinsic obstacles to data access. 

Bottom line, open data sometimes are highly desirable, 

but sometimes are not, for good reason. This more or less is 

common sense today. 

B. Open Source 

As the open source idea addresses software we discuss it in 

the following from a Software Engineering perspective, in 

particular the facets source code inspection, malicious code 

injection, determining correctness, protection, version cont-

rol, software-only limits, legal liability. 

Hardware vs software. It has been argued [6] that 

hardware is substantially different from software, and there-

fore selling of software licenses similar to hardware buys is 

not adequate. Looking closer we find several misconcept-

ions (see in particular Table 2.1, quoting from there): 

 ―If hardware breaks or ceases to function beyond easy 

repair, it becomes useless. Software cannot break in the 

same sense.‖ – ignoring the unspecified attribute 

―easy‖, there are obvious reasons to make software 

break, including incompatible changes in the execution 

environment, configuration changes for worse, bugs 

surfacing only once hitherto unused but contractually 

assured functionality is used, etc. 

 ―Hardware cannot be duplicated. Every copy needs the 

same amount of raw material and energy as any other. 

Copies of complex hardware will always be imperfect. 

Software can be duplicated completely. Each successful 

copy of a software product is an identical reproduction 

of the original (the ―raw material‖ is the source code, it 

does not run out).‖ – Here we observe a mismatch in the 

focus: While on software side the availability of the 

source code is stressed, on the hardware side the partic-

ular piece is in focus whereas the corresponding level 

would be the blueprint for the hardware, such as VLSI 

designs, lithography masks, etc. This ―raw material‖ – 

as the paper calls it – likewise ―does not run out‖ as it is 

not distributed. Just as the source code is not (to be 

exact, the software product is not a reproduction, but a 

derivation from the source code). 

 ―Hardware can wear out, rust, or decay, and will even-

tually break and cease to function. Software does not 

wear down, rust, decay or break. It may fall out of use, 

but it never loses its basic functionality.‖ – While some 

hardware may wear out indeed (in particular when cont-

aining moving parts, such as spinning disks) there is a 

large share in hardware which is outdated and replaced 

long before any functional wear-out could occur. From 

this perspective, both sides match again. 

We feel that pulling up a special position of software in 

the general market of goods is based on (i) unsubstantiated 

technical arguments and (ii) a deeply rooted feeling of 

―what I cannot touch I do not want to pay for‖. Notably, in 

consequence this should affect all non-physical goods, such 

as legal contracts, for example. 

While this might be perceived more as a philosophical 

discussion we next address ―hardcore‖ software engineering 

aspects. 

Source Code Inspection. It is a common observation in 

undergraduate Computer Science education that students 

have difficulties with the abstraction of an interface – which, 

typically, on introductory level means calls to functions 

provided by libraries. Recurringly students request to ―show 

me the source code so that I can understand what the 

function does‖. Only gradually they learn that this is futile 

in several respects. First, this means going down a rabbit 

hole where the function whose understanding is required 

itself invokes other functions, and so on – ultimately the 

whole software stack has to be investigated until at operat-

ing system level the final frontier is reached where, again, 

functions have to be understood from their documentation 

alone. For a human brain such comprehensive understanding 

of the code obviously has natural limits and will not work 

for most of today’s services at least (some clients admittedly 



are simplistic enough). Second, in industrial practice there is 

simply not sufficient time to go through extensive source 

code resources before becoming productive – code product-

ion has to start based on the documentation (which is why it 

was written in the first place). 

It is common wisdom that, for proper use of software 

components, not their source code but the pertaining docum-

entation is essential (which in turn underlines the import-

ance of high-quality documentation). We therefore argue 

that the same applies to open-source software: except for 

trivial code it is not feasible to dive into the source code.  

Hence, even when inspected by experts, openness of the 

source code of the tool under consideration is not necess-

arily a guarantee for completely overseeing its effects.  

For example, the list where PostgreSQL core develop-

ment is discussed is ―a must read to follow along for a few 

months before you start contributing yourself‖ [16]; 

actually, the article introducing on how to put fingers on the 

PostgreSQL source code lists several more steps, such as 

studying wikis and reviewing patches, before it is time for a 

first own patch. This in addition to deep pre-existing skills 

on database system implementation required to understand 

and, ultimately, contribute productively. As per OpenHub 

the 1.1 million lines of code of the PostgreSQL database 

server offering a signature functionality breadth have seen 

just teams of up to 21 at a time [17]. MariaDB with its 2.24 

million lines of code is maintained over the last ten years by 

teams less than 40 [18]. The rasdaman datacube engine con-

sists of about 600k lines of code [19], and similarly rigorous 

rules apply for code contributions to ensure quality. Con-

sequently, we observe that patches by externals are usually 

contributed on the periphery of the engine where complexity 

is far less than in the core.  

Software quality rules are laudable, but in practice 

drastically limit the circles who are willing and able to cont-

ribute. Paul Starkey observes ―there’s an argument that hav-

ing the source available gives users guarantees they don’t 

get from proprietary software, but with something as comp-

licated as a database, most users aren’t going to try to master 

the sources‖ [20]. In particular for data scientists (i.e., not 

computer scientists) it is generally not possible to verify the 

validity of open source code - and be it just for the lack of 

time to inspect all source code involved.  

Hence, the fact that source code can be inspected does 

not necessarily mean it will be inspected and scrutinized. In 

practice, except for very shallow and simple projects, 

externals will normally not deeply look into it. The claim of 

assessing and fixing software ―by everybody‖ is largely 

hypothetical. This puts users of complex open source tools 

de facto into a situation similar to proprietary software: 

upon problems, the hotline gets contacted. 

Finally, the fact that some service engine, say Postgre-

SQL, is open source does not guarantee that the version dep-

loyed in a particular service is based on the unmodified, 

vanilla source code or is some forked version. We conclude 

that in practice ordinary users will not be able to assess the 

code some service operates, even if that is open-source. 

Determining Correctness. Along a similar line, it is 

often argued that software bugs can be found better in open 

than in closed software. We have not found any quantitative 

evidence for this statement, it rather seems to be a 

widespread assumption (or based on comparisons of Unix 

and Microsoft Windows alone). Inspection of the source 

code, called glass-box testing, can indeed spot opportunities 

for performance improvement, for example, by determining 

that particular code pieces are executed very often and hence 

represent a worthwhile target for optimization. Additionally, 

code coverage analysis can spot problematic situations like 

code never executed (―dead code‖), missing else branches in 

if statements, uninitialized variables, etc.  

In contrast, black box testing, which does not know 

about the code, but solely tests the externally observable 

behavior based on the specification (which typically is or 

relates to the user documentation), can detect deviations 

from the expected behavior. This is what effectively a user 

is most interested in: does it perform as expected, or not? 

Assuming realistically complex systems, for a user it is 

close to impossible to dive into the code to find a bug. For 

example, assume a user suspects that some SQL statement 

delivers a wrong result. SAP R/3 already a long time ago 

had around 7,000,000 lines of code, 100,000 function calls, 

and 15,000 database tables. So what to look at instead, if not 

the source code? Ultimately, is defined through the standard, 

so that is what we look at below. 

Protection. Assets of value to somebody can be 

distributed without restriction, can be held back, or anything 

in between (such as being released after some time, at 

certain conditions, etc.). This holds for data as well as soft-

ware. Development of advanced software requires high 

skills (read: salaries) and constitutes significant Intellectual 

Property (IP). It has been stated [21] that IP rights provide 

small and medium sized companies (SMEs) with the 

opportunity to protect their technical innovations and the 

flexibility to optimize their business pursuits. SMEs in 

particular depend on Intellectual Property protection for 

their innovation against large, multi-national players. For 

example, rasdaman, marketed by an SME, has Google Earth 

as a key competitor. 

We conclude: open-source is not a software quality crit-

erion, but one business model family out of many possible 

where each model comes with its individual merits, and with 

a blurred border to closed-source – see, e.g., dual-licence 

models adopted by rasdaman. Therefore, it seems worth-

while to not adopt a radical all-or-nothing approach, but to 

accept that different situations beg different, individual 

rules. This view is supported by the observation that there is 

a spectrum of business models between the extremes of 

completely open and completely closed software. 

Version Control and Its Limits. Most open-source 

projects today use professional-grade version management, 

such as git, alongside with further productivity and quality 



enhancements. It goes by itself that reusing the code by 

others is invited – forking an open-source project is consid-

ered a signal of success for the project as others use the code 

and even invest into developing it further. However, from a 

product maintenance perspective key elements are missing. 

From the moment the derivative is forked it is an independ-

ent artifact under a different maintainer; hence, earlier 

pledges made, such as compatibility with a particular 

standard or support commitments, will not necessarily be 

inherited to the new package. Among others, this may break 

interoperability. For a provider running mission-critical 

services, therefore, a critical scrutiny of the pledges applic-

able to the particular fork is required. 

Limits of Software-Only Scrutiny. A service can be 

compromised on hardware-level despite running open-

source software. With the same rationale for inspection of 

the source code is required to check for proper, expected 

behavior, one also needs to inspect the compiler generating 

machine code from the source code and, in particular, the 

underlying hardware that executes the machine code. Bugs 

in machine instructions [22] as well as firmware attack 

vectors [23] are not unknown. Validation of hardware down 

to transistor level typically is a destructive process, so estab-

lishing trust in hardware requires prohibitive effort [24] and 

hence is infeasible in practice. Bottom line, trust in a service 

requires trust not only in software but also in hardware, and 

source code analysis can cover only a limited part of system 

verification. And we did not even address all the network 

components involved when accessing a service via Internet. 

Legal liability. A recent development is the European 

Union proposal for a regulation on cybersecurity require-

ments for products with digital elements, known as the 

Cyber Resilience Act (CRA) [25]. Relevant for our discuss-

ion is primarily the objective to ―ensure that manufacturers 

take security seriously throughout a product’s life cycle‖ 

which, among others, results in liability of the software 

provider irrespective of open or closed source. This is in line 

with US DoD fears that FOSS ―potentially creates a path for 

adversaries to introduce malicious code into DoD systems. 

This concern requires a careful supply chain risk manage-

ment (SCRM) approach for OSS, which must meet the same 

rigorous standards for SCRM and cyber threat testing as any 

other product‖ [26]. 

This strive for liability has raised severe concerns by 

the FOSS community [27] who requested to ―exempt‖ 

FOSS, i.e, have the CRA apply only when the code leaves 

the open source ―commons‖ (a term not rigorously defined) 

and then continue to apply throughout the entire commercial 

supply chain. 

The EU, on the contrary, argues that currently closed-

source IT sellers have to assume full liability on their com-

plete delivery, including all open-source components, which 

is infeasible (not only) for SMEs. Therefore, European 

SMEs should only have to pay to certify the code they are 

responsible for; and rely on others upstream (including 

FOSS providers) to certify the rest. 

Notably, this discussion is not about feasibility of CRA 

(its draft having 40,000 words), which can be questioned 

indeed; rather, it is about whether different rules apply to 

open and closed source. The latter industry is used to carry 

the burden of legal responsibility, FOSS is not; we believe 

that, while the attitude of ―no money – no responsibility‖ is 

understandable from a FOSS perspective, it is not balanced 

to leave the burden with IT industry only, and it is danger-

ous for society at large when left alone with software issues. 

The 2023 Synopsis report [28] highlights importance of 

finding a solution: from the 1,703 FOSS codebases scanned 

across 17 industries, over 80% were found to have at least 

one vulnerability, about 50% to have high-risk vulnerabilit-

ies. The general public realizing that recently shows some 

anxiety [29]. 

A. Open Services 

Building services typically is done by composing preexist-

ing packages, libraries, etc. plus potentially adding glue 

code or functionality enhancements. Importantly, it is suffic-

ient for developers to know the interface specifications ("on 

input of X the result invariably will be Y"). If this specificat-

ion is an open standard, and if the tool has been confirmed 

to pass the corresponding compliance test, then the behavior 

of this tool can be anticipated with respect to this standard 

which creates trust in the tool. 

Examples are manifold: we trust SQL query language 

implementations, regardless whether the database manage-

ment system is open or closed source; we trust our C++ 

compilers, python engines, numerical libraries, operating 

systems, etc. – at least concerning the core question 

addressed here: does this code provide me with the true, 

valid data? And, for that matter, we trust the underlying 

hardware which ultimately executes the code. 

B. Open Standards 

Open standards invite to mix and match components at the 

discretion of both developers and service operators. To this 

end they need some evidence that a tool under consideration 

indeed fulfils expectations in their API conformance. 

Ideally, compliance of a tool with a particular standard can 

be proven automatically. Unfortunately, most standardizat-

ion bodies provide only the specification documents and 

sometimes high-level advice on testing. One exception is the 

Open Geospatial Consortium (OGC) which provides high-

level textual Abstract Test Suites (ATSs) and concrete Exec-

utable Test Suites (ETSs) which can be run against systems 

under test [9]. These tests – which of course are agnostic 

against open or closed source – perform a black-box testing 

on defined properties. If some tool has been confirmed to 

pass the corresponding compliance test, then the behavior of 

this tool to some extent can be trusted with respect to this 

standard (of course, there may be further unwanted behavior 

not addressed by the compliance test – for example, a test 

will typically concentrate on functionality but not on secur-

ity, and also the mileage of comprehensiveness may vary). 



Coming back to SQL. This is a standard supported by 

many widely used open as well as closed source systems. 

NoSQL databases consciously have left this safe harbor in 

favor of own query languages, such as MongoDB MQL, 

neo4j cypher, PigLatin, Hive and many more. If any of these 

NoSQL systems is picked then any migration to another 

system, SQL or NoSQL, requires a major rewrite and 

becomes immensely hard and costly.  

We conclude: Open source tools, too, can create a 

complete ―vendor‖ lock-in when not relying on community-

adopted standards; proprietary SQL systems can retain 

freedom of choice and replacement, thanks to the standard 

(which is not even open in the strict sense, as ISO charges). 

IV.  A BUSINESS MODEL PERSPECTIVE 

Both open and proprietary tool providers need to address 

their customers, need to do marketing and claim competitive 

advantages. Based on the discussion in this contribution we 

believe that open source in its essence is not a software 

style, not a software quality assurance technique, but a bus-

iness model. What is typically discussed are the extremes, 

completely proprietary and completely open.  

However, in today's software ecosystem we find a wide 

spectrum of mixed business models: donation-based (ex: 

OpenStreetMap), industry sponsoring (ex: Apache), crowd-

funding (ex: TopCoder), open-core (ex: GitHub), freemium 

(ex: Nintendo), software leasing (ex: Oracle, SAS), software 

as a service (ex: all major cloud providers), and several 

more. Often, companies build their own mix of open and 

closed offerings (including products and services), such as 

rasdaman, Red Hat, SuSE, etc. Additionally, we find prop-

rietary and open components combined, such as running 

open-source clients on closed-source MS-Windows [6]. 

Open and closed source business models differentiate in 

various aspects, which can be relevant in the overall soft-

ware selection process in addition to the software features as 

such, for example: 

 Who has knowledge on the software to the depth requir-

ed for doing not only cosmetic changes, but also general 

bug fixes and enhancements? 

 Who will take on responsibility in case of malfunction? 

 What kind of maintenance is provided? 

 What is the provider’s commitment to standards like? 

Notably, timeline of support of a tool is not a different-

iating criterion. Industry sometimes claims that software 

products live longer than open-source projects due to the 

company thrust behind the project. This is not necessarily 

true – for example, ESRI ArcSDE was a worldwide advert-

ised geo service product which at some time was dropped in 

favor of a completely new product; SAP R/4 is not entirely 

backwards compatible with its predecessor R/3; Adobe 

switched to cloud license for its product suite; and many 

more examples can be found. Long-living companies in 

general may decide to terminate support for some product, 

forcing customers into costly IT infrastructure changes. 

 

V. CONCLUSION 

Open data, open source, and open standards – three terms 

widely used, from developers to politicians – are three fund-

amentally different and independent concepts, each one 

addressing separate concerns. A fourth, in current discuss-

ions not yet considered principle, we have brought on the 

table: open services. 

Open policies generally foster proliferation, exchange, 

and reuse, although many obstacles today remain. 

 Data are often open and yet insufficiently accessible 

due to technical obstacles with data not ―analysis-

ready‖; this issue is tightly connected to service 

accessibility. In plain words: as long as a service is 

prohibitively complicated to use, open data are of not 

much value. 

 Open source on principle allows a broader range of pro-

grammers to contribute as such, however the number of 

actual contributors (volunteering and admitted) is not 

necessarily broad. Contributions and fixes to smaller 

projects naturally are simpler whereas enterprise-scale 

tools require the deep knowledge of their developers 

which effectively leads to a handling similar to closed 

source tools. 

 Open standards are helpful, but most valuable in com-

bination with automatic, authoritative compliance test-

ing; this is not yet in place to a sufficient degree. 

An important point is that these ―open X‖ criteria are 

not tightly connected, but rather independent. For example, 

open source is not a guarantee (and not a required prerequis-

ite) for open data. Open data can be served through propriet-

ary software, and open-source software may be configured 

to retain data.  

Open source software often is pictured as better soft-

ware; however, it is not: An indicator of scientific value or 

rigor; an indicator of software engineering quality; an indic-

ator of quality and duration of support. Rather, it describes a 

particular business model under which software is provided 

and maintained. 

For the user ultimately value comes from the ease of 

use, functionality power, and further quality criteria, in 

short: the quality of the interface – be they user-facing like 

Web services or internal like database APIs. How some soft-

ware achieves its goals ―under the hood‖ is secondary. We 

conclude that most important for a good user experience is 

reliance on adopted, community-relevant standards.  

Well-crafted standard APIs, ideally coming with a solid 

mathematical semantics underpinning, can make a subst-

antial contribution towards the Holy Grail of uninhibited 

access and use of data. ISO SQL and the ISO/OGC WCPS 

geo datacube query language [30] provide a role model. 

Open standards are the single most effective measure 

against vendor lock-in, not open source. The interoperability 

established thereby – in this context: different servers using 

identical data will deliver identical results – constitutes a 

major advantage whose benefits are by far not leveraged in 

full today. 



From a market perspective, open-source and proprietary 

software are two extremes spanning a spectrum of diverse 

business models. As they all have their own particular pros 

and cons they will continue to coexist; radically enforcing 

only one particular business model does not appear fruitful. 

With our discussion we hope to contribute to a less 

ideological and more pragmatic decision making. In partic-

ular, we hope to stimulate awareness for a careful distinction 

between technical and business model requirements. 
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