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Abstract

This document presents the business case analysis for the Arcade Game Maker Product Line. The product line encompasses a set of arcade games that operate in a variety of environments. The product line approach has not been used in this company before. This business case will examine options for creating the products including using a product line approach. The initial games in the product line will be made available at no cost to promote the company. 

1 Overview

It is proposed that the company initiate a software product line approach to developing sets of related software-intensive systems. This document analyzes the feasibility and viability of producing products using the product line approach. 

Our off-site strategic planning session produced a goal of significantly reducing our costs. During the discussions in this session we realized that software development now contributes the majority of content to each product. Any serious effort at reducing costs by improving the company’s productivity will require a dramatic improvement in software development productivity. A survey of existing techniques has shown that most reuse programs improve productivity of the organization by 10 – 15%. While this is a positive result, the magnitude is not sufficient to achieve the gains required by the company.

A review of the software product line literature shows that companies using the product line approach have achieved gains as large as 400%. Results vary depending upon the degree to which the products are similar, the maturity of the software development process within the company, and other factors. One action item from the off-site planning meeting was to commission a project to develop a business case for adopting the product line approach in our environment. This is the report of that project.

1.1 Document Map

The Arcade Game Maker (AGM) Product Line is described in a series of documents. These documents are related to each other as shown in Figure 1.  This map shows the order in which the documents should be read for the first time. Once the reader is familiar with the documents, the reader can go directly to the information needed.

This is the business case document. Its purpose is to analyze options for achieving the company’s product production goals and to justify whatever approach is selected for achieving those objectives. In this case a specific variant of the product line approach is identified as the best option. 
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Figure 1- Document Map

2 Product Line Context

The Arcade Game Maker (AGM) product line will be implemented in an organization that has historically placed its lowest priority on software engineering. The plan of action for this product line will need to establish basic software engineering practices as well as product line practices. 

2.1 Relation to Corporate Strategic Objectives

The product line must support the strategic objectives. Here we show how the product line approach relates to each of the objectives.

2.1.1 Market position

The product line approach would make AGM a market leader by improving quality of products, allowing AGM to pursue specialty markets, and reducing the time to market. Hewlett Packard has reported a decrease of 25x in the number of bugs over 4 products in a product line [Toft 00].

In particular, the marketing group has an idea about customizing games to include logos of sponsors. A company could order give-away products that feature their message integrated into the game.

2.1.2 Time to Market

The product line will allow us to achieve a faster time to market through an order of magnitude in reuse of software components. Other industrial product companies have achieved 3x improvements in time to produce a product [Toft 00].

2.1.3 Productivity

The product line approach has proven successful in increasing productivity. Hewlett-Packard has reported that the headcount on product line projects are 4x smaller than similar non-product line projects [Toft 00]. AGM must achieve higher levels of productivity to remain competitive but this is not our highest priority.

2.1.4 Mass Customization

Companies such as Nokia have improved their ability to address niche markets through an architecture that supports the customization of numerous attributes [Heie 02]. AGM intends to open a new market by providing low-cost games as convention give-aways. We will customize each game to fit certain desires of the client. At this point we see the color scheme and logos as major customization points but this may change after analysis.

2.2 Strategies

There are several options for how AGM initiates the basic product line approach. In this section we consider these possibilities.

2.2.1 Totally pro-active

In this approach, the assets are built before the products. This approach is the easiest to manage since the focus is solely on building the assets. This approach is difficult to fund because no new products are generating revenue during the period when the assets are being created.

2.2.2 Totally reactive

In this approach the assets are built as the products are built. This is much more difficult to manage than the pro-active approach. Asset development must be scheduled just in time for use in a product that has a specific delivery date. There is more rework of assets in this approach because the design of an asset does not fully take into account the needs of later products. Revenue from earlier products does support the costs of developing later products. 

2.2.3 Incremental

In this approach, the total product line is divided into sets of products. The assets for a set are built before any of the products in a set. The product line process is divided into increments.  Each increment is intended to construct one of the sets of products. The set of products are built using the assets developed for the previous increment’s products plus any new assets that need to be constructed.

We have found this to be a very attractive option for the Arcade Game Maker product line. The first increment would be the three freeware games that will be given away. This will begin the advertising campaign early. The next increment will be a release of previous game products but now for wireless devices. The company will now have sufficient assets and experience to enter the new market. The third and final increment will be the set of games that will be sold as marketing give-aways. 

The initial analyses will give decreasing emphasis to the features of  the products in each of the succeeding increments. The architecture and other initial assets will be developed with evolution in mind. The later increments will plan time and resources to rework the early assets to support the needs of the entire product line.

This approach also fits well with the software engineering maturity of our organization. The incremental approach will give us time to develop needed practices. The first increment will be developed by a team of the best developers and analysts in the company. That set of products will be used to train others in the company.

3 Environmental Scan

3.1 Strengths

The content of the product line is a set of simple arcade games. This has the strength of being easy for the developers to understand and will reduce the initial costs of the product line.

From the perspective of providing advertisement for the company, there are a number of possible extensions to the basic products that could be the basis for additional commercial games if the initial distribution is successful. This approach has the strength of making the games easy to modify.

The development technique we are considering using has been proven effective in actual industrial projects. It has the strength of helping achieve the strategic objectives of the company.  

3.2 Weaknesses

The use of simple arcade games as the content of the initial increment of the product line has the weakness that some developers and managers in the company will dismiss the example as too simplistic. We will counter this by using standard architectures and patterns, even in the initial increment, which would be used in an industrial product line.

The initial product line has the weakness that even a simple product line has a greater complexity than a single program. We will counter that by using innovative techniques to present unique opportunities for interacting with the product line.

The management of Arcade Game Maker is not rigorous in their decision making process nor are they careful about lines of authority. The complexity of a product line organization will stress the management capabilities of the company.

The presentation of the product line through a series of documents has the weakness that a product line is an evolving, dynamic entity. Attempting to represent that in a static form makes understanding the dynamics of a product line more difficult. We will attempt to counter that by having multiple versions of different documents to show the evolution.

3.3 Opportunities

The company has the opportunity to produce a very complete product line of freeware games for very little cost. This provides the staff with the opportunity to study the product line approach before tackling for-profit products.

The company has the opportunity to become visible to new customers in existing markets through giving away the products from the product line. The low cost of the products makes this possible. In addition, the assets from the initial, free products will be used to more quickly and cheaply produce the commercial products.

The company has the opportunity to enter a new market by creating a highly customizable architecture. The ability to customize the outward behavior of the game will allow variation with little or no structural impact.

3.4 Threats

The biggest threat is that the two current market leaders will adopt the product line approach and take advantage of their leader position to create even greater advantage. The company needs to move as quickly as possible to begin realizing the benefits of the product line approach.

A second threat is that taking time to build this initial product line may take time away from producing products for which the company will realize actual income. Training is always a long term investment but a short term threat.

4 Analysis of Strategic Factors

4.1 Market Viability

The market for the company’s products is rapidly expanding as shown in Figure 2. However, consumers expect that additional features will be added on a regular basis. 
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Figure 2- Purchases of Products

The company intends to use the arcade game product line to move into new markets. First, the games of the product line will be customized to run in the reduced environment of a wireless device. There is a very rapidly growing market for such games, as shown in Figure 3. Then the games will be renovated to add a mass customization capability so that the games can serve as give-aways for companies at conferences and other marketing opportunities.
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Figure 3 Downloads of Games

4.2 Market Segments

The company has developed products for the traditional game markets for some time. Their games were originally targeted to special game processors. The market shifted to the personal computer markets for Windows-based and Apple-compatible systems. This market continues to be viable as shown above. Versions of the game are also developed for several of the newer game machines although this is a smaller market.

The company is now addressing additional market segments: the game market for wireless devices and convention give-aways. The architecture for the product line will include a variation point in terms of the operating environment constraints such as memory size, display size, and operating environment. The architecture will also provide for a number of variations that a company can use to advertise their message. 

5 Feasibility

In this section we present a cost/benefit analysis for using the product line approach in this environment. 

5.1 Analysis Technique

The analysis technique we will use is based on the “A,B,C’s” of a Business Case as described in [Cohen 03]. The A,B,C’s correspond to the following:

· Applications

· Benefits

· Costs

5.1.1 Applications 
 The company will produce nine products in the foreseeable future. These products should be viewed in three sets: freeware games, wireless games, and give-away games. The same three games, Brickles, Pong, and Bowling, will be in each grouping. The applications are more specifically identified in the requirements document.

5.1.2 Benefits

5.1.2.1 Variation management

Variation management is a major benefit of the product line approach.  The company produces a series of games that are very similar. The overlap between the games is rather large. The major variations in the products is the environment for which they are intended and  

5.1.2.2 Productivity

The increases in productivity realized by product line organizations are much larger than the increases experienced by organizations that use approaches such as reuse repositories and other reuse schemes alone. Product lines would make a positive contribution to the achievement of the strategic goal to produce more products with no more resources. We expect to be able to reduce the number of staff needed to produce a product.

5.1.2.3 Time to Market

The reduction in time to market experienced by companies using the product line approach is much larger than for those who use COTS-based techniques alone. We expect to be able to achieve a large reduction but gradually over the first few products.
5.2 Costs

5.2.1 Direct Costs

The direct costs for the product line are in three categories:

· Personnel – The product line organization will be formed with 20 people initially. This will include 1 executive, 2 managers, 2 technical leads, 13 developers and 2 testers. This trial organization will produce the three games even if the product line approach is judged unsatisfactory.

· Tools – We are taking this opportunity to upgrade our development process so that it will be sufficiently robust to support the product line approach. The costs here will be the purchase of new tools:

· A configuration management system

· Improved Integrated Development Environment (IDE)

· A UML modeling tool

These costs will be held as low as possible by purchasing only a couple of seats for each tool until we have a better idea of their usefulness.

· Advertising – Even though we are giving the products away for advertisement, people still have to know that they are available. We will minimize the costs by limiting our advertisement to web pages of affinity groups. By agreeing to carry their ads on our customer pages we can eliminate any real costs.

5.2.2 Indirect Costs

There are several indirect costs:

· The resources being applied to the product line experiment will not be available to apply to other opportunities. Thus there is an opportunity cost.

·  The morale of personnel will be damaged if the product line initiation effort is not successful. 

5.3 Analysis of Alternatives

For the purposes of this analysis we will use a simple cost formula. There are two main parameters to this analysis that will be varied to analyze the possible results. The Degree of Reuse (DOR) defines the extent to which the core asset base provides the functionality needed by the product. A value of .2 for DOR implies that the core assets account for 20% of the functionality of the completed product. 

The Cost of Reuse (COR) is the cost of reusing a piece of software. These costs include the time required to understand the software and to make any changes needed to use the software. We use three different values for COR in each analysis. There are a number of techniques for reducing COR but we do not yet know the extent we will be able to reduce the amount. 

The analysis considers all 9 products. In the current analysis approach, the anticipated sales column is not used. The formula simply compares the cost of building the product as a stovepipe (single product) and the cost of building the product in a product line. A couple of constants are used. The cost for stovepipe construction of a product is estimated at 2.5 dollars/LOC. The cost of maintenance of either a completed product or of the core assets is taken as 0.75 dollars/LOC.

The analysis includes maintenance costs for both the products and the asset base. This analysis is very approximate but we have made an effort to define the costs in parallel with the costs for the products.

The analysis does add in the cost of product line initiation. This is an amount that covers training, resolving organizational issues, domain analysis and architecture development, and the costs for tools that support the approach. This amount is charged to the first product since it is incurred regardless of the number of products.

5.3.1 Pro-active approach

In the pro-active approach, all of the core assets needed for all of the products are built before any products. A thorough analysis is conducted and the complete set of components is constructed. The DOR value is 100% for every product, meaning that all of every product is produced from the asset base. The COR is changed from .5 in the first table to .25 in the second and .1 in the third. The full cost of asset maintenance is applied starting with the first product since the entire asset base is available at that point.

The analysis does not take into account two factors. The pro-active approach delays the release of the first products until all the components for all of the products are ready. The analysis does not consider the cost of this delay. Some of the assets will sit on the shelf until the products to which they apply are constructed. Some of the development personnel might not have productive activities while the assets are being created. The analysis does not consider the cost of money aspect of building something well before it will participate in the generation of revenue.

The results of the analysis are shown in the first appendix. The analysis shows that if the cost of reuse can be held to about .25, the product line approach is a feasible approach. If the cost of reuse of .5 then the product line is eventually a good choice.

5.3.2 Incremental approach

In the incremental approach, the core asset base is built over time. In our case there is a natural breakpoint between each of the three groupings of products. At these breakpoints, an analysis is done of the needs for the next set of products, the new assets needed are developed and added to the asset base. In this analysis, the first three products have a DOR of 30%, the second three a DOR of 60%, and the third a DOR of 100%. Once again, the COR is changed from .5 in the first table to .25 in the second and .1 in the third. The cost of asset maintenance is prorated as the asset base grows at the start of each set of new products.

The asset base is up dated at the start of each increment. Therefore, the maintenance costs are charged against the first product in each increment since that effort begins as soon as the assets are created.

The analysis still does not take into consideration the cost of delaying the products but that delay has been reduced since only the assets needed for the first set of products will be constructed at first. Likewise the assets will be used right away and will contribute to revenue immediately. Ignoring these costs makes the proactive and incremental approaches appear very close in our analysis.

The results of the analysis are shown in the second appendix.

5.3.3 Reactive approach

In the reactive approach, the first few products are built without a core asset base. The core asset base is created later by mining the first products for useful assets. This is similar to the incremental approach except that the asset base lags behind products rather than preceding the need. One difference is that the increment in the DOR will vary from product to product rather than set of products to set of products as in the incremental approach. The cost of asset maintenance is prorated on a product-by-product basis as the asset base grows.

In the reactive approach, products are mined to create the assets. Thus the first product is created from scratch. The second product is built from assets mined from the first product. The rate at which the asset base grows is determined by the similarity among the products. If the second product is very different from the first, then the DOR for the second product is lower than if the two products were more similar. 

The results of this analysis are found in the third appendix. Given the limitations of our analysis the differences between the incremental and reactive approaches are barely reflected in the numbers.

5.3.4 Conclusions from the analysis

Based on this analysis, it appears that the incremental approach is preferable to the pro-active approach. The incremental/reactive approaches provide for a more cost-effective scenario. The reactive approach is more difficult to manage effectively so we recommend the incremental approach.

5.4 Risks

5.4.1 Increased organizational complexity

There is a risk that the increased organizational complexity will lead to conflicts on priorities among multiple tasks for an engineer. This risk is being mitigated in this product line by starting with a core asset team and a single product team. As managers become more used to a matrixed approach to resource management, additional product teams will be added.  

5.4.2 Changing product roadmap

There is a risk that the rapidly changing game environment will make it difficult to sustain the roadmap for sufficient time for the product line to be profitable. The benefits realized from a product line are based on similarities between products and the ability to build a large percentage of each product from previously developed components. This risk is mitigated in this product line by have a domain analysis that is created in layers. The more general the layer, the longer its information will be viable. Even if some products are cancelled, the more general information will apply to the remaining products and new products as well. 

5.4.3 Lowering the cost of reuse

There is a risk that the development organization cannot modify its approach sufficiently to efficiently reuse assets. The analysis shows that unless the cost of reusing an asset can be held to about 25% of its original cost, the product line approach will not be viable. Developers often change features that do not need to be changed but for which they wish to take a different approach. This risk will be mitigated by a strong architecture team who will supervise the design and development process.

6 Plan of Action

We recommend implementation of the incremental approach described earlier. We also recommend that during the first increment, the existing inventory of games should be mined for assets. 

	Increment
	Responsibility
	Task

	Freeware Games
	Core asset team
	Perform analysis

	
	
	Develop software architecture

	
	
	Mine assets from existing games

	
	
	Develop assets for games

	
	Product teams
	Develop Brickles

	
	
	Develop Pong

	
	
	Develop Bowling

	Wireless Device Games
	Core asset team
	Analysis to identify new assets needed

	
	
	Upgrade existing assets to meet needs

	
	
	Develop necessary assets

	
	Product teams
	Modify games for Symbian/Series 60 platforms

	Give-away Games
	Core asset team
	Analysis to identify new assets needed

	
	
	Upgrade existing assets to meet needs

	
	
	Develop necessary assets

	
	Product teams
	Develop customized games to order
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Pro-active Analysis

	
	
	Anticipated Sales
	Estimated Size
	Cost of StovePipe
	Degree of Reuse
	Product Maintenance
	Product Maintenance - reused
	Maintenance of Assets
	Cost of product line
	Difference using PL
	Cumulative

	Brickles-Freeware
	0
	75000
	187,500
	1
	112500
	0
	157500
	438750
	-138,750
	-138,750

	Pong-Freeware
	0
	125000
	312,500
	1
	187500
	0
	0
	468750
	31,250
	-107,500

	Bowling-Freeware
	0
	150000
	375,000
	1
	225000
	0
	0
	562500
	37,500
	-70,000

	Brickles-Wireless
	500,000
	105000
	262,500
	1
	157500
	0
	0
	393750
	26,250
	-43,750

	Pong-Wireless
	750,000
	155000
	387,500
	1
	232500
	0
	0
	581250
	38,750
	-5,000

	Bowling-Wireless
	750,000
	180000
	450,000
	1
	270000
	0
	0
	675000
	45,000
	40,000

	Brickles-Giveaway
	3,000,000
	135000
	337,500
	1
	202500
	0
	0
	506250
	33,750
	73,750

	Pong-Giveaway
	4,500,000
	185000
	462,500
	1
	277500
	0
	0
	693750
	46,250
	120,000

	Bowling-Giveaway
	4,500,000
	210000
	525,000
	1
	315000
	0
	0
	787500
	52,500
	172,500

	
	
	
	
	
	
	
	
	
	
	
	

	cost of reuse
	0.5
	
	initiation costs
	30000
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Anticipated Sales
	Estimated Size
	Cost of StovePipe
	Degree of Reuse
	Product Maintenance
	Product Maintenance - reused
	Maintenance of Assets
	Cost of product line
	Difference using PL
	Cumulative

	Brickles-Freeware
	0
	75000
	187,500
	1
	112500
	0
	157500
	391875
	-91,875
	-91,875

	Pong-Freeware
	0
	125000
	312,500
	1
	187500
	0
	0
	390625
	109,375
	17,500

	Bowling-Freeware
	0
	150000
	375,000
	1
	225000
	0
	0
	468750
	131,250
	148,750

	Brickles-Wireless
	500,000
	105000
	262,500
	1
	157500
	0
	0
	328125
	91,875
	240,625

	Pong-Wireless
	750,000
	155000
	387,500
	1
	232500
	0
	0
	484375
	135,625
	376,250

	Bowling-Wireless
	750,000
	180000
	450,000
	1
	270000
	0
	0
	562500
	157,500
	533,750

	Brickles-Giveaway
	3,000,000
	135000
	337,500
	1
	202500
	0
	0
	421875
	118,125
	651,875

	Pong-Giveaway
	4,500,000
	185000
	462,500
	1
	277500
	0
	0
	578125
	161,875
	813,750

	Bowling-Giveaway
	4,500,000
	210000
	525,000
	1
	315000
	0
	0
	656250
	183,750
	997,500

	
	
	
	
	
	
	
	
	
	
	
	

	cost of reuse
	0.25
	
	initiation costs
	30000
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Anticipated Sales
	Estimated Size
	Cost of StovePipe
	Degree of Reuse
	Product Maintenance
	Product Maintenance - reused
	Maintenance of Assets
	Cost of product line
	Difference using PL
	Cumulative

	Brickles-Freeware
	0
	75000
	187,500
	1
	112500
	0
	157500
	363750
	-63,750
	-63,750

	Pong-Freeware
	0
	125000
	312,500
	1
	187500
	0
	0
	343750
	156,250
	92,500

	Bowling-Freeware
	0
	150000
	375,000
	1
	225000
	0
	0
	412500
	187,500
	280,000

	Brickles-Wireless
	500,000
	105000
	262,500
	1
	157500
	0
	0
	288750
	131,250
	411,250

	Pong-Wireless
	750,000
	155000
	387,500
	1
	232500
	0
	0
	426250
	193,750
	605,000

	Bowling-Wireless
	750,000
	180000
	450,000
	1
	270000
	0
	0
	495000
	225,000
	830,000

	Brickles-Giveaway
	3,000,000
	135000
	337,500
	1
	202500
	0
	0
	371250
	168,750
	998,750

	Pong-Giveaway
	4,500,000
	185000
	462,500
	1
	277500
	0
	0
	508750
	231,250
	1,230,000

	Bowling-Giveaway
	4,500,000
	210000
	525,000
	1
	315000
	0
	0
	577500
	262,500
	1,492,500

	
	
	
	
	
	
	
	
	
	
	
	

	cost of reuse
	0.1
	
	initiation costs
	30000
	
	
	
	
	
	


Incremental Analysis

	
	
	Anticipated Sales
	Estimated Size
	Cost of StovePipe
	Degree of Reuse
	Product Maintenance
	Product Maintenance - reused
	Maintenance of Assets
	Cost of product line
	Difference using PL
	Cumulative

	Brickles-Freeware
	0
	75000
	187,500
	0.3
	112500
	78750
	33750
	328125
	-28,125
	-28,125

	Pong-Freeware
	0
	125000
	312,500
	0.3
	187500
	131250
	0
	490625
	9,375
	-18,750

	Bowling-Freeware
	0
	150000
	375,000
	0.3
	225000
	157500
	0
	588750
	11,250
	-7,500

	Brickles-Wireless
	500,000
	105000
	262,500
	0.6
	157500
	63000
	13500
	417750
	2,250
	-5,250

	Pong-Wireless
	750,000
	155000
	387,500
	0.6
	232500
	93000
	0
	596750
	23,250
	18,000

	Bowling-Wireless
	750,000
	180000
	450,000
	0.6
	270000
	108000
	0
	693000
	27,000
	45,000

	Brickles-Giveaway
	3,000,000
	135000
	337,500
	1
	202500
	0
	42750
	549000
	-9,000
	36,000

	Pong-Giveaway
	4,500,000
	185000
	462,500
	1
	277500
	0
	0
	693750
	46,250
	82,250

	Bowling-Giveaway
	4,500,000
	210000
	525,000
	1
	315000
	0
	0
	787500
	52,500
	134,750

	
	
	
	
	
	
	
	
	
	
	
	

	cost of reuse
	0.5
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Anticipated Sales
	Estimated Size
	Cost of StovePipe
	Degree of Reuse
	Product Maintenance
	Product Maintenance - reused
	Maintenance of Assets
	Cost of product line
	Difference using PL
	Cumulative

	Brickles-Freeware
	0
	75000
	187,500
	0.3
	112500
	78750
	33750
	314062.5
	-14,063
	-14,063

	Pong-Freeware
	0
	125000
	312,500
	0.3
	187500
	131250
	0
	467187.5
	32,813
	18,750

	Bowling-Freeware
	0
	150000
	375,000
	0.3
	225000
	157500
	0
	560625
	39,375
	58,125

	Brickles-Wireless
	500,000
	105000
	262,500
	0.6
	157500
	63000
	13500
	378375
	41,625
	99,750

	Pong-Wireless
	750,000
	155000
	387,500
	0.6
	232500
	93000
	0
	538625
	81,375
	181,125

	Bowling-Wireless
	750,000
	180000
	450,000
	0.6
	270000
	108000
	0
	625500
	94,500
	275,625

	Brickles-Giveaway
	3,000,000
	135000
	337,500
	1
	202500
	0
	42750
	464625
	75,375
	351,000

	Pong-Giveaway
	4,500,000
	185000
	462,500
	1
	277500
	0
	0
	578125
	161,875
	512,875

	Bowling-Giveaway
	4,500,000
	210000
	525,000
	1
	315000
	0
	0
	656250
	183,750
	696,625

	
	
	
	
	
	
	
	
	
	
	
	

	cost of reuse
	0.25
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Anticipated Sales
	Estimated Size
	Cost of StovePipe
	Degree of Reuse
	Product Maintenance
	Product Maintenance - reused
	Maintenance of Assets
	Cost of product line
	Difference using PL
	Cumulative

	Brickles-Freeware
	0
	75000
	187,500
	0.3
	112500
	78750
	33750
	305625
	-5,625
	-5,625

	Pong-Freeware
	0
	125000
	312,500
	0.3
	187500
	131250
	0
	453125
	46,875
	41,250

	Bowling-Freeware
	0
	150000
	375,000
	0.3
	225000
	157500
	0
	543750
	56,250
	97,500

	Brickles-Wireless
	500,000
	105000
	262,500
	0.6
	157500
	63000
	13500
	354750
	65,250
	162,750

	Pong-Wireless
	750,000
	155000
	387,500
	0.6
	232500
	93000
	0
	503750
	116,250
	279,000

	Bowling-Wireless
	750,000
	180000
	450,000
	0.6
	270000
	108000
	0
	585000
	135,000
	414,000

	Brickles-Giveaway
	3,000,000
	135000
	337,500
	1
	202500
	0
	42750
	414000
	126,000
	540,000

	Pong-Giveaway
	4,500,000
	185000
	462,500
	1
	277500
	0
	0
	508750
	231,250
	771,250

	Bowling-Giveaway
	4,500,000
	210000
	525,000
	1
	315000
	0
	0
	577500
	262,500
	1,033,750

	
	
	
	
	
	
	
	
	
	
	
	

	cost of reuse
	0.1
	
	
	
	
	
	
	
	
	


Reactive Analysis

	
	
	Anticipated Sales
	Estimated Size
	Cost of StovePipe
	Degree of Reuse
	Product Maintenance
	Product Maintenance - reused
	Maintenance of Assets
	Cost of product line
	Difference using PL
	Cumulative

	Brickles-Freeware
	0
	75000
	187,500
	0
	112500
	112500
	0
	300000
	0
	0

	Pong-Freeware
	0
	125000
	312,500
	0.2
	187500
	150000
	18750
	512500
	-12,500
	-12,500

	Bowling-Freeware
	0
	150000
	375,000
	0.3
	225000
	157500
	11250
	600000
	0
	-12,500

	Brickles-Wireless
	500,000
	105000
	262,500
	0.5
	157500
	78750
	3000
	409875
	10,125
	-2,375

	Pong-Wireless
	750,000
	155000
	387,500
	0.6
	232500
	93000
	2250
	599000
	21,000
	18,625

	Bowling-Wireless
	750,000
	180000
	450,000
	0.6
	270000
	108000
	0
	693000
	27,000
	45,625

	Brickles-Giveaway
	3,000,000
	135000
	337,500
	0.9
	202500
	20250
	6750
	516375
	23,625
	69,250

	Pong-Giveaway
	4,500,000
	185000
	462,500
	1
	277500
	0
	2250
	696000
	44,000
	113,250

	Bowling-Giveaway
	4,500,000
	210000
	525,000
	1
	315000
	0
	0
	787500
	52,500
	165,750

	
	
	
	
	
	
	
	
	
	
	
	

	cost of reuse
	0.5
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Anticipated Sales
	Estimated Size
	Cost of StovePipe
	Degree of Reuse
	Product Maintenance
	Product Maintenance - reused
	Maintenance of Assets
	Cost of product line
	Difference using PL
	Cumulative

	Brickles-Freeware
	0
	75000
	187,500
	0
	112500
	112500
	0
	300000
	0
	0

	Pong-Freeware
	0
	125000
	312,500
	0.2
	187500
	150000
	18750
	496875
	3,125
	3,125

	Bowling-Freeware
	0
	150000
	375,000
	0.3
	225000
	157500
	11250
	571875
	28,125
	31,250

	Brickles-Wireless
	500,000
	105000
	262,500
	0.5
	157500
	78750
	3000
	377062.5
	42,938
	74,188

	Pong-Wireless
	750,000
	155000
	387,500
	0.6
	232500
	93000
	2250
	540875
	79,125
	153,313

	Bowling-Wireless
	750,000
	180000
	450,000
	0.6
	270000
	108000
	0
	625500
	94,500
	247,813

	Brickles-Giveaway
	3,000,000
	135000
	337,500
	0.9
	202500
	20250
	6750
	440437.5
	99,563
	347,375

	Pong-Giveaway
	4,500,000
	185000
	462,500
	1
	277500
	0
	2250
	580375
	159,625
	507,000

	Bowling-Giveaway
	4,500,000
	210000
	525,000
	1
	315000
	0
	0
	656250
	183,750
	690,750

	
	
	
	
	
	
	
	
	
	
	
	

	cost of reuse
	0.25
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	Anticipated Sales
	Estimated Size
	Cost of StovePipe
	Degree of Reuse
	Product Maintenance
	Product Maintenance - reused
	Maintenance of Assets
	Cost of product line
	Difference using PL
	Cumulative

	Brickles-Freeware
	0
	75000
	187,500
	0
	112500
	112500
	0
	300000
	0
	0

	Pong-Freeware
	0
	125000
	312,500
	0.2
	187500
	150000
	18750
	487500
	12,500
	12,500

	Bowling-Freeware
	0
	150000
	375,000
	0.3
	225000
	157500
	11250
	555000
	45,000
	57,500

	Brickles-Wireless
	500,000
	105000
	262,500
	0.5
	157500
	78750
	3000
	357375
	62,625
	120,125

	Pong-Wireless
	750,000
	155000
	387,500
	0.6
	232500
	93000
	2250
	506000
	114,000
	234,125

	Bowling-Wireless
	750,000
	180000
	450,000
	0.6
	270000
	108000
	0
	585000
	135,000
	369,125

	Brickles-Giveaway
	3,000,000
	135000
	337,500
	0.9
	202500
	20250
	6750
	394875
	145,125
	514,250

	Pong-Giveaway
	4,500,000
	185000
	462,500
	1
	277500
	0
	2250
	511000
	229,000
	743,250

	Bowling-Giveaway
	4,500,000
	210000
	525,000
	1
	315000
	0
	0
	577500
	262,500
	1,005,750

	
	
	
	
	
	
	
	
	
	
	
	

	cost of reuse
	0.1
	
	
	
	
	
	
	
	
	








� The context document provides the strategic objectives of Arcade Game Maker.
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