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Abstract
Software companies have traditionally protected their intellectual property by keeping their source code secret. However, software companies are increasingly adopting open-source commercialization strategies. Open-source strategies can seem counter-intuitive, as they give customers rights to source code and derivative works. This paper presents a model for deciding between proprietary and open-source strategies, considering characteristics of the software, the company, and the market in which it competes. The model uses the ANP (Analytic Network Process) BOCR (Benefits, Opportunities, Costs, and Risks) methodology. The paper uses the model to critique IBM’s decision to release its Integrity Measurement Architecture (IMA) in open source as a loss leader for its Tivoli product, while keeping the latter proprietary. Model results corroborate IBM’s decision.
Introduction
Software companies have traditionally protected their intellectual property (IP) by keeping their source code secret. It appears wise to do so, because source code can be easily modified and reused. Source code access facilitates cloning a product’s features in competing products. 
However, software companies are increasingly adopting open-source commercialization strategies [1]. Open-source strategies can seem counter-intuitive, because they give customers rights to source code and derivative works and therefore reduce or eliminate a product’s license revenues. Nonetheless, IBM recently spent more than $1 billion to support open-source projects, such as Linux and Apache [2]. Many venture capitalists are also favoring startup companies with an open-source strategy [3]. 

This paper presents a model for deciding between proprietary and open-source strategies, considering characteristics of the software product, the company that produces it, and the market in which it competes. The model is intended to be easy to understand and apply to different cases.
Methodology
The model uses the ANP (Analytic Network Process) BOCR (Benefits, Opportunities, Costs, and Risks) methodology [4] and was implemented in the SuperDecisions package [5]. To highlight case-dependent criteria, the latter appear grouped in clusters named “Context” in the model. The following subsections describe the model and the validation methodology.

a. Model
ANP evaluates alternatives based on judgments (i.e, pairwise comparisons). Judgments estimate the relative strength of the influences of two nodes on a third node in a network. Nodes can be decision alternatives, criteria, or clusters thereof.  ANP’s BOCR methodology uses four networks for evaluating the alternatives’ benefits, opportunities, costs, and risks, respectively. It then combines the networks’ results by assigning a weight to each network. Each network’s weight is obtained by rating according to strategic criteria the alternative that maximizes the network. 

The following figure shows the model’s strategic criteria.  The top criteria are case-dependent and indicate whether the product is dominant proprietary or nondominant. Whether a software product is dominant or not is highly relevant to its success. The more dominant a software product is, the more valuable it becomes for other products to interoperate with it and for users to learn how to use it. Dominance can therefore reinforce itself, in a phenomenon known as network effect. Once established, dominance can be difficult to dislodge also because of lock-in effects: it is often impractical for a product’s users to convert their data and customizations to competitors’ products [6]. Moreover, dominant products are often very lucrative. For example, Microsoft, a dominant software company, has gross margins that typically exceed 80%. Such high margins can finance continuous improvements. Consequently, it often becomes harder and harder for nondominant products to compete, and many of them eventually fail.  
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Dominance affects the weights of the remaining strategic criteria as follows, according to the author’s judgments:
	
	IP protection
	Profitability
	Growth
	Branding
	Investment

	Dominant
	0.41
	0.23
	0.19
	0.10
	0.07

	Nondominant
	0.06
	0.29
	0.42
	0.16
	0.06


Growth is the top priority for nondominant products, because lack of growth makes such products likely to fail. On the other hand, IP protection is the top priority for dominant proprietary products, because without it the product may be cloned and lose its dominance.
According to the author’s judgments, the ratings for these criteria and respective idealized weights are as follows: 

	IP protection
	Profitability
	Growth
	Branding
	Investment

	Complete (1.00)
	High (1.0)
	Very fast (1.0)
	Favorable (1.0)
	Low (1.0)

	Selective (0.69)
	Ave. (0.33)
	Fast (0.64)
	Average (0.26)
	Ave. (0.41)

	Haphazard (0.21)
	Low (0.09)
	Average (0.24)
	Unfavorable (0.11)
	High (0.16)

	Inexistent (0.10)
	
	Slow (0.12)
	
	

	
	
	Very slow (0.08)
	
	


The model’s benefits network has two subnetworks, respectively, for sales and marketing benefits. They are weighted 0.67 and 0.33, respectively, according to the author’s judgments. The following figure shows the sales benefits subnetwork:
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The model takes into account five sources of revenue: 
1. License

2. Updates

3. Documentation, training, and support for users and system administrators

4. Customization and documentation, training, and support for software developers

5. System integration

A proprietary strategy more strongly benefits license and update revenues than does an open-source strategy. However, strategy has little impact on the other revenue sources.
The case-dependent criteria are:

1. Ease of use: products that are easy to use tend to get more revenue from license sales than from documentation, training, and support for users and system administrators. 

2. Readiness for all likely end uses: products that integrate a large number of features (often considered bloated) tend to offer less opportunity for customization.

3. Lifecycle stage: products near their introduction tend to offer more opportunities for support and customization revenues. On the other hand, products near their end of life tend to offer more opportunities for update revenue.

4. Publisher’s competitive strengths: How support, customization, and system integration revenues compare to license and update revenues depends strongly on how competitive the publisher is for providing those services.

For example, in Microsoft’s case, criteria 1, 2, and 4 would indicate that most of the company’s revenues are from license and update sales, which is indeed the case.
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The following figure shows the model’s marketing benefits subnetwork:

An open-source strategy strongly favors user acquisition speed and lock-in avoidance. The latter can be a significant marketing advantage because there are many customers who do not want to be locked into a company’s products, preferring open alternatives. An open-source alternative may also reduce somewhat time to market. On the other hand, a proprietary strategy offers extremely greater benefit for differentiation.
According to the author’s judgments, these advantages’ weights vary with product dominance as follows:

	
	Differentiation
	Time to market
	User acq. speed
	Developer mindshare
	Technical credibility
	Lock-in avoidance

	Dominant
	0.51
	0.17
	0.17
	0.08
	0.05
	0.02

	Nondominant
	0.02
	0.34
	0.34
	0.11
	0.08
	0.11


For dominant products, differentiation has top priority. On the contrary, for nondominant products, time-to-market and user-acquisition speed become more important.
The model’s opportunities network has three subnetworks, respectively, for engineering, marketing, and finance benefits. They are weighted 0.43, 0.43, and 0.16, respectively, according to the author’s judgments. 

The engineering opportunities subnetwork compares how much a product would benefit from users’ contributions under each strategy. This comparison is case-dependent. Users’ contributions may include, e.g., bug reports and fixes, new or improved features, support for new hardware, or interoperation with new software. A nondominant product typically will attract more user contributions if it has open source. On the contrary, a dominant proprietary product may actually fare better under the proprietary model: dominance itself may motivate other hardware and software companies to seek to interoperate with the product.

The marketing opportunities subnetwork compares how much the product would, under each strategy:

1. increase demand for the company’s own other products or services; and

2. commoditize competitors’ or suppliers’ products.

These comparisons are case-dependent. A nondominant product will often gain more of these advantages if combined with an open-source strategy. A dominant product, on the other hand, may more strongly attract related service demand (e.g., customization and system integration) in a proprietary model.
The finance opportunities subnetwork compares how much the product would, under each strategy, free or generate capital for other investments. This comparison is also case-dependent. A nondominant product typically requires much more capital under a proprietary strategy than in an open source strategy, because the latter can attract user contributions and word-of-mouth advertising. On the other hand, a dominant proprietary product can be extremely profitable and generate plenty of capital for other investments. 

The model’s costs network has three subnetworks, respectively, for engineering, marketing and sales, and human-resource benefits. They are weighted 0.64, 0.26, and 0.10, respectively, according to the author’s judgments. 

The engineering costs subnetwork compares how development and maintenance costs depend on strategy and vice-versa (unlike other networks, this one exhibits feedback).

The open-source strategy typically has lower costs because it attracts user contributions. Bug reports and fixes help maintenance and are typically more common than new features, which help development. According to the author’s judgments, normalized engineering costs are 0.21 and 0.79 under open-source or proprietary strategies, respectively.
The marketing and sales costs subnetwork compares how strategy impacts:
1. market research costs: In the open-source strategy, users can themselves implement features they want, reducing the need for market research.

2. advertising and user acquisition costs: Open-source software often benefits from word-of-mouth advertising. Such software is also often available for free and used in schools and universities. Consequently, its user acquisition costs are very low.
3. distribution costs: Free software can be simply made available for download via the Internet. Thus, worldwide distribution costs are miniscule compared to the proprietary case.

According to the author’s judgements, the normalized marketing costs are 0.19 and 0.81 under open-source or proprietary strategies, respectively.

The human-resources costs subnetwork compares how strategy impacts recruiting and training costs. A successful open-source strategy typically creates a vibrant user/developer virtual community [7].  The company can recruit at lower cost from this community not only developers, but also managers and trainers. The company can observe users’ skills, productivity, and interaction style for a long time in the community. Such recruits need much less training than typical recruits, given that they usually are enthusiastic and already know so much about the product. According to the author’s judgments, the normalized recruiting and training costs are 0.21 and 0.79 for open-source or proprietary strategies, respectively.

The model’s risks network contains only one subnetwork, relative to marketing and legal risks. The following figure shows this subnetwork. 
The main risks may be:
1. Cloning of own products, services, or processes: Source code availability may facilitate such cloning
2. Disclosure of infringement: Source code may reveal that a product infringes on another party’s patent or copyrights (perhaps inadvertently). Such infringement might be difficult or impossible to prove if the product remained proprietary.
3. Not reach critical mass of users: This risk can be very significant if the strategy is proprietary but the product is nondominant. This risk can also be significant if the strategy is open-source, but the company lacks expertise or credibility for leading an open-source community [8]. 
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According to the author’s judgments, dominance affects these risks’ weights as follows:

	
	Cloning
	Infringement disclosure
	Not reach

critical mass

	Dominant
	0.82
	0.09
	0.09

	Nondominant
	0.09
	0.09
	0.82


b. Validation
To validate the model, this paper revisits IBM’s decisions (1) to release its Integrity Measurement Architecture (IMA) in open source, as a loss leader for its Tivoli product, and (2) to keep the latter proprietary. 

IBM acquired Tivoli in 1995. It is the dominant IT systems management platform, with a market share of 24% [9]. A major application of Tivoli is remote configuration management. This application allows system administrators to specify centrally what software should be installed in an organization’s computers. Tivoli inventories software in computers connected to the organization’s network, and automatically resolves discrepancies relative to the administrators’ specifications.

Consequently, Tivoli should be able to detect and remove any unapproved software that may be installed in an organization’s computers, including malware, such as viruses. However, malware may hide its presence by subverting communication between its host and the organization’s configuration manager.
IBM’s IMA is a Linux extension that uses special hardware (a secure coprocessor) to store securely measurements of the software actually running on a computer [10]. Secure coprocessors are present in many IBM computers, including Thinkpads. 

IBM modified Tivoli to work with IMA and secure coprocessors, such that malware cannot hide its presence [11]. This security feature could be expected to further bolster Tivoli’s market dominance.
Data
The two attached SuperDecision files contain the model applied to IMA and Tivoli, respectively. The following table shows the alternatives’ resulting weights in the benefits, opportunities, costs, and opportunities networks for IMA:

	IMA alternative
	Benefits
	Opportunities
	Costs
	Risks

	Open source
	0.51
	0.80
	0.21
	0.73

	Proprietary
	0.49
	0.20
	0.79
	0.27


Therefore, the open-source alternative’s ratings according to the strategic criteria are used for deriving the weights of the benefits, opportunities, and risks networks. The proprietary alternative’s ratings are used for the costs network. The following figure shows the resulting network weights:
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Using ANP’s additive (negative) formula, the overall normalized weights for the alternatives are therefore 0.73 for open source and 0.27 for proprietary. Using instead the multiplicative formula, the results are 0.86 and 0.14, respectively. These results corroborate IBM’s decision to release IMA in open source.
The following table shows the alternatives’ weights resulting from the model’s benefits, opportunities, costs, and opportunities networks for Tivoli:

	Tivoli alternative
	Benefits
	Opportunities
	Costs
	Risks

	Open source
	0.39
	0.25
	0.21
	0.76

	Proprietary
	0.61
	0.75
	0.79
	0.24
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Therefore, the proprietary alternative’s ratings according to the strategic criteria are used for deriving the weights of the benefits, opportunities, and costs networks. The open-source alternative’s ratings are used for the risks network. The following figure shows the resulting network weights:

Using ANP’s additive (negative) formula, the overall normalized weights for the alternatives are therefore 0.43 for proprietary and -0.57 for open source. Using instead the multiplicative formula, the results are 0.80 and 0.20, respectively. These results corroborate IBM’s decision to keep Tivoli proprietary
Analysis
Sensitivity analysis for IMA shows that open-source is the better alternative regardless of the weights for benefits or costs. However, if the weight for risks increases above 0.33 (instead of 0.29), proprietary becomes the better alternative:
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Because a fairly small increase in this criterion’s weight reverses the conclusion, a more careful analysis would be desirable. 
Proprietary also becomes the better alternative for IMA if the weight for opportunities falls below 0.09 (instead of 0.29):
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For Tivoli, sensitivity analysis shows that proprietary is the better alternative regardless of the weights for benefits, opportunities, or risks.  However, open source becomes the better alternative if the costs’ weight increase to mode than 0.34 (from 0.23):
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Summary

The model’s results corroborate IBM’s decisions to release IMA in open source as a loss leader for Tivoli and to keep the latter proprietary. 
Conclusion

The proposed model was validated by comparing its results with opposite decisions by a leading software publisher, IBM, regarding two software products, IMA and Tivoli.  

The proposed model is easy to understand and can be easily applied to different software products, companies, and markets. 
Future Research
It would be interesting to refine the model by taking into consideration judgments of other equally or more knowledgeable individuals. The model’s cost subnetworks could be directly validated against actual data for software using each strategy. It would also be desirable to validate the model by comparing its results with more decisions by leading software companies. 
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