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Abstract
Companies such as Toyota have achieved significant competitive advantage by treating product production as a system that can be planned and optimized. Software product line organizations can achieve similar advantage when they explicitly coordinate the actions of core asset and product developers. We describe a technique for planning the production system for a software product line organization.  The technique encompasses (1) a production strategy, which relates the production goals of the product line to the method of core asset and product development; (2) a production method, which coordinates the development of core assets with the production of products; and (3) a production plan, which guides the product developers through the steps of production. Data gathered from representatives of Product Line Hall of Fame members and our experience working with product line organizations are used to identify problems and specify solutions.
1. Introduction
Production planning balances the goals and constraints of the product line to produce a method that coordinates the development of assets and the production of products. Consider this recent experience. The head of the core asset development team defined a process for  the development of some core assets in an East Coast site, while product development and the remaining core asset development proceeded on the West Coast. This process included downloading a copy of the core asset version tree from the West Coast repository. This was done daily after everyone on the West Coast quit work for the day. It needed to be completed by the time the first developer went to work on the East Coast. As the core asset base grew, this began taking too long. Now it often takes until 10:00 EST to complete the download. The tools the team was using did not support the process properly. They did not have an IDE that allowed direct connection to the CM repository on the West Coast nor did they have tool support for a distributed CM repository. This mismatch between processes and tools is illustrative of problems product line organizations have that are the result of inadequate production planning. 
A product line organization separates the roles of builder of reusable assets and builder of products. This separation is intended to ensure that the correct perspective is applied at the appropriate moment. The core asset developer’s scope is the entire product line since his/her asset must be usable in several contexts across products. The product builder’s scope is the single product (s)he is assigned to produce. However, the work of the two roles must be coordinated so that the reusable assets all work together to meet the needs of the product builders.
This separation of roles is analogous to the way that manufacturing companies separate product design from production. It leads to interesting possibilities including applying manufacturing techniques such as the Toyota Production System [Toyota 07] to the production of software products. Although there are obvious differences between hard goods and software, there are similarities in how production can be organized and managed. While Toyota thinks about how to produce the individual instances of a product, we will be thinking about how to create the individual products within the product line’s scope. Both Toyota and a software product line organization will experience major delays and expense if the pieces to be assembled are not compatible and must be modified.
In this paper we expand on our previous work and describe a production planning process that guides the organization in setting up a production system that achieves the production goals in a manner that is consistent with the constraints of the product line [Chastek 02] [Chastek 04] [Chastek 05]. We report on our experiences conducting a production planning workshop and consulting on production planning in several product lines. We also report some of the results from a survey concerning production planning in product line organizations judged successful by their peers, the SPLC Product Line Hall of Fame.
2. Production Concepts
In this section we describe two of the four rules in the Toyota Production System (TPS) that we have found to be useful in production planning for software product lines.
2.1 Rule 1: How People Work

In the TPS the work that people do is rigorously specified and yet their overall processes are highly flexible. In some product line organizations we have observed, personnel are moved often among related tasks or assigned whatever tasks need to be done, most of which are implicitly specified. The TPS has allowed manufacturing agencies to maintain flexible manufacturing lines where different models of products are inter-mixed. This is very much the same as product builders building several different software-intensive systems one after the other or even concurrently. In the next section a type of production artifact, attached processes, will be introduced that aids in the specification of actions and that provides the flexibility to manufacture different products within a close timeframe of each other. The attached process should clearly and completely specify the processes, tools, and models that should be used for a particular core asset.
2.2 Rule 2: How People Connect

In the TPS people are connected directly and unambiguously. It is always clear who has responsibility for each action and a person requesting an action contacts that person directly. Some product line organizations that we have observed violate this principle by having multiple people, or no specific person, responsible for specific assets or answering a specific type of question. The long held practice of code ownership should be applied to all assets. It should be clear whom to contact for any question about any asset and anyone with a question should be able to contact that person directly. The production plan described in the next section should include the asset ownership matrix, either directly or by reference, which establishes the direct connection between the user of the asset and the owner of the asset. 
3. Production Planning Artifacts
In this section we briefly describe the major elements in production planning in a software product line without regard to their place in the process.
3.1 Production and Product Constraints
During the early analysis activities a number of constraints are identified that must be satisfied. For example, a particular product may need to be DO-178B
 compliant. This product constraint then leads to a constraint on the production system to include specific tools such as DO-178B certified code generators. These constraints help shape the production system.
3.2 Production Strategy
The production strategy is a high-level answer to the question: “How can product development satisfy the organization’s goals for the software product line?” The strategy provides a direct link between the product line goals and the means of product production. For example, a product line goal of “faster time to market” could lead to a strategy in which automation is used wherever possible.
Many organizations we surveyed and observed do not have an explicit, unified strategy. Their strategies were implicit. The strategic information was distributed among the managers and engineers and implicitly embodied in their decisions and actions. The risk is that in this form the strategy can not be optimized nor can the organization be certain that all elements of the product line will work to achieve the same goals. The result of a lack of an explicit strategy is often an excessive amount of communication among managers, core asset developers and product builders. 
3.3 Production Method
The production method is a comprehensive definition of how core assets and products will be produced. It is more comprehensive than just a process. A method defines the processes, models, and tools, and the interactions among them, that will be used to produce products. For example, if we wish to automate the process of developing code, our choice of design notations is constrained by the quality of the code generators that are available for each notation. The design process has to include activities to produce and validate the design model to the same level of detail and quality as would usually be required of the final code. 
Organizations we have surveyed and observed have experienced problems when they focused on defining a process only to find that there are no appropriate tools to support the process. Product line organizations often have a software development process but many have not explicitly coordinated the process with the tools and models used to produce products. Scenarios similar to the one with which we began this paper result when this coordination is missing. 
3.4 Attached Process
In order to reduce the cost of reusing the core assets, each core asset has a description –a so-called attached process- of how the asset is used to produce a product associated with it. The attached process may be directions on how to use the tools associated with the core asset, where to find certain files in a directory system, or what compiler settings to use. The attached process is created by the asset developer with the product builder as the target audience.
The content of the attached process changes with the type of core asset. Assets that are templates, such as the product line architecture and production plan, should have instructions on how to instantiate that core asset for a specific product. Assets that are code should provide information such as dependencies on other assets, versions of the development tools which were used to produce the code, a sample use of the code, and a set of test cases for the asset. Some of the information common to all types of core assets are procedures for determining how long it will take to apply the asset and what resources will be required to do so.
Tool support for attached processes has expanded recently. Microsoft’s Visual Studio supports the creation of “guidance” which is accessible to the user within the same IDE as the code under development. Eclipse provides a “cheatsheet” mechanism by which a core asset developer can add process descriptions to the main menu of Eclipse when a particular asset is being opened and used.  

Organizations we have surveyed and observed verify the usefulness of the attached processes. In one company, after developers became accustomed to having the attachments, when a core asset was delivered with the attached process promised for the future, product builders requested that priorities be rearranged so that, in the future, an attached process would be delivered at the same time as the core asset.
3.5 Production Plan

The production plan guides the product builder through the steps of building a product in the context of the product line. As the core assets are selected their attached processes are added to the production plan. The plan may be a paper document or an automated script. 
As with many plans, it is not the plan that is important, it’s the planning. The production plan captures the result of planning the application of the production method to a specific product definition in order to achieve the goals defined in the production strategy. The production method provides the ingredients from which the core assets and attached processes are created and is responsible for defining processes that ensure the consistency of the production plan. In order to develop the production plan the organization must have thought through many issues that need to be coordinated across the product line organization. These issues are explicitly captured in the production plan.
 4. Production Planning
Production planning begins as soon as the goals of the product line are clearly articulated. During product line analysis some of the production and product constraints are discovered. Following product line analysis, the goals stated in the product line business case and the constraints are used to develop the production strategy.

Production planning is constrained by the variations defined in the product line requirements.  The production strategy specifies the general approaches to design and implementation that can be used given the types of variations. The production method defines the design and implementation techniques that will be used in core asset and product building to implement variants. The production plan describes how the variation mechanisms are resolved.
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Figure 1 - Production Planning
4.1 Creating the Strategy 

The production strategy is created by identifying ways to use product production to achieve some, or all, of the organization’s goals. Porter’s Five Forces model for developing business strategies is used in the SEI’s Production Planning workshop as the guide to strategy development []. The forces (potential entrants, substitutes, buyers, suppliers, and industry competitors) are shown in Figure 2. These forces are about business competition. We assume that the product line organization has been producing products and has a default strategy – the status quo. We can then approach strategy development by asking what should be changed in our current approach to counter the competitive forces in Porter’s model given the product line goals.
Potential entrants – The production strategy should discourage potential entrants into the same markets as the product line addresses. This is often accomplished by techniques that reduce the cost of product production. The economies of scope and scale may be leveraged in the production process. One mature product line organization we observed has used their core asset base as leverage to enter new markets because they could under cut the prices of even existing market leaders. A much less mature product line organization decided to forego a particular market because a competitor had a product line that covered this area and was able to maintain lower prices than the new product line would be able to achieve for some time.
Substitutes – The production strategy should make substitute products less desirable by being able to counter the additional features offered in the substitute products. When a product emerges that provides all of the behavior of your product and more besides, the production system should be able to incorporate the new features into your products and deploy them rapidly. The strategy specifies approaches to production that support this rapid deployment of new features. 
Buyers – When buyers organize together, such as in a users’ group, their force can be mitigated by being responsive to pressures whether for lower prices, more features, or improved quality. The production strategy should accommodate buyers by choosing development techniques that address buyers’ priorities. The appropriate production techniques that support rapid product deployment with a wide range of features can satisfy many customer requests. 
Suppliers – The production strategy should leverage the scope of the product line to gain advantage with suppliers. Choosing standard architectures, open source tools and other commodity-level parts can bring the product line organization increased visibility with suppliers. This visibility can be translated into influence with standards groups and discounts with vendors. More than one successful product line has resolved this force by becoming a supplier by selling their core asset base to other product line organizations.
Industry Competitors – The production strategy should optimize the production system to take advantage of the industry competitors’ weaknesses. During strategy development competitors are analyzed in terms of strengths and weaknesses. The strategy should emphasize time to market against a slow moving competitor or a larger feature set against a competitor who develops new products. Several successful product line organizations have adopted the approach because an expanding array of products intended to counter competitors was becoming too complex to maintain.
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Figure 2 - Porter's Five Forces Model
A strategy might say:

“The initial product will be developed as rapidly as possible to reach the market as rapidly as possible. Subsequent products will be built from assets mined from this first product with additional assets being developed as needed for the rest of the product line. Our guarantees to our customers require that the products outperform existing products in the market and that any new features introduced by competitors be added to our products within 90 days. These qualities will guide product development from the earliest stages.” 
4.2 Engineering the Production Method

Many product line organizations begin the development of the core assets using a default production method – the development method the organization was using before they adopted the product line approach. In fact this gets reinforced if core assets are mined from artifacts that were used to produce products in the pre-product line environment. In these cases problems may not begin to emerge until well into the lifecycle when the first products are attempted. Missing behaviors, mismatched interfaces, or the failure to achieve required qualities may result.

The production method currently in use for single products is an important consideration when determining the production method of the product line. Previous investments in tools, training and experience in modeling notations, and familiarity with processes are important constraints. However, these should be considered along with the new goals for product production when the method is being engineered.

Several inputs are needed to support the definition of the production method. The production strategy provides a high-level view of the characteristics that the method should possess. The product and production constraints provide criteria for rejecting some tools and techniques. The technology forecast provides information about trends in development technologies.  
Typically, developing the production method begins with a standard development method, e.g. an agile, object-oriented method. That standard method is then modified to achieve the characteristics called for in the production strategy. For example, a project might wish to use an agile design and coding process in order to achieve a “first to market” goal. At the same time, the production strategy calls for a set of product qualities that can only be achieved using a comprehensive software architecture. The agile process would be modified to accommodate the up front development of an architecture. An architecture description language (ADL) and a tool that supports the notation, perhaps the AADL and the OSATE Eclipse plug-ins, are added to the method description along with a concurrent architecture definition phase in which the architecture is developed incrementally.
The production method is intended to guide the work of the core asset developers as well as the product builders. The core asset developers must use the processes, tools, and models specified in the method description to produce the assets. The product builders can then expect that any unique artifacts they produce for their product will work with the assets provided by the core asset team.

4.3 Planning Product Development 
One of the core assets is a production plan: a template that is used as the basis for product development. That template contains the product building information that is in common across all of the products, together with partially constructed schedules, a bill of material, and a production process that can be tailored for a specific product development.

As the product development progresses, core assets are selected to use in building the product. The attached processes of those selected core assets are added to the production plan
 and the actions defined in those processes are carried out. 

. As the attached processes are added to the template these elements become more fully formed.
5. Jumpstarting Production Planning 
New product line organizations are often inexperienced at planning explicitly for building products. Even product line organizations that have been building products for some time can find themselves needing more explicit production assets when changes of scope and distribution of work force require more formal communication. Faced with organizations requesting assistance in production planning, we developed and offered a production planning workshop. The workshop was intended to jumpstart the production planning activity for the current product line and to provide a technique for production planning on future product lines.
The workshop engages participants in discussions about the product line goals related to product production. The workshop sessions guide the participants from initial exercises at the strategic level to final assets at the tactical level. Statements in the production strategy should be appropriately broad while those in the production plan must be sufficiently specific to guide the product builder through the exact steps needed to build a product. Through facilitated sessions the participants in the workshop create a first draft of the production assets: production strategy, production method, and production plan.
The workshop solicits input from a wide range of stakeholders. The two key roles of core asset developer and product builder are essential participants. In fact, the spectrum of core assets, which are product parts
, should be represented. This includes requirement analysts, architects, testers, as well as software developers. The roles of process engineer and technical manager should also be involved. 
The workshop has been conducted as a series of four half-day facilitated sessions in which specific inputs are examined and specific outputs are produced.  The sessions carry out the activities described in section 3. A brief description of each session includes:
* Introduction to production planning – An overview of production planning is given by the workshop facilitators. This session sets the expectations and reviews the initial inputs. The product and production constraints are made more explicit during a brainstorming session. The influence of the variation points on product production is also discussed. We have found that having participants develop a set of production scenarios, which describe situations such as a special request for a faster than normal production of a product, ensures shared understanding as strategy development progresses. The scenarios are also used as tests of the production assets later in the workshop.
* Strategy development – The constraints and requirements are used to identify high level approaches to development that resolve the forces identified in Porter’s 5 Forces model. This is the most difficult session because most development personnel do not usually think strategically about product development. The production goals and scenarios can be used to keep participants thinking about actual situations as opposed to vague possibilities.
* Method development – This session begins with capturing the current product development environment. Stakeholders help determine what requirements capturing tools are used, standard software architectures that are used, programming languages and other existing processes, tools, and models. The session then uses the processes, tools, and models paradigm to identify changes to the current development method if it is considered nearly adequate or begins a basic process definition activity supplementing that with selections of tools and modeling notations that will satisfy the production strategy. This is a lengthy activity that is only begun and planned during this session. The plan assigns responsibilities for completing this activity after the workshop is completed.
* Plan development – The plan developed during this session is a template for the specific production plans that will be created for each individual product. The template is developed around the outline of the production method developed in the previous session.  The product line variation points are translated into variation points in the plan. The attached processes of the selected core assets resolve these variation points by filling in specific information about the core asset. The participants can use the production scenarios to sketch instantiations of production plans for specific scenarios; however, this probably will happen outside of the workshop sessions.
The effectiveness of the workshop is determined by the quality of the workshop planning and the timeliness of its scheduling. In our experience with facilitating the workshop and similar interventions, understanding the goals that the product line organization has for production and the driving set of requirements is critical to success. The workshop should be scheduled before any product parts core assets are created. The production strategy and the production methods will influence the form and content of these assets and are needed early in the life of the product line organization.

The two day intensive workshop has proven effective for jumpstarting production planning. The artifacts created after the workshop have been both more comprehensive and more detailed than those produced before the workshop. However, additional time must be allocated for the workshop participants to iterate over the three artifacts and to add details to their definition. The workshop approach should be used as part of a comprehensive process for production planning that includes sufficient time to follow through and finalize the production assets.
6. Conclusions

Production planning is an important part of establishing a production capability. Numerous product lines have suffered the effects of insufficient planning. The results of our survey illustrate some of these difficulties. We have presented our approach to production planning. Three assets - the production strategy, production method, and production plan – are produced during production planning. These core assets are used to coordinate core asset and product building so that the production goals of the product line are met.

We have presented our experience with implementing production planning in a product line organization. The two day workshop jumpstarts the production planning effort, by bringing together the major stakeholders in the production system, to produce first drafts of the three production assets. The approach is effective as evidenced by comparing production assets produced by the organization before the workshop and after. However, the participants must follow through with additional iterations on the drafts created during the workshop to add sufficient detail. The product line organization must provide the specified tools and resources to support product production. 
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� DO-178B defines guidelines for the development of avionics software. It is a standard of the Radio Technical Commission for Aeronautics, Inc.


� Product parts refers to a product line practice pattern discovered by the SEI that encompasses all of the core assets that are related directly to building products.





�They are added to the production process for the specific product. We are talking about 2 different things with the same name (production plan). Should we use project plan? We still have not gotten the core asset production plan and the template/generic stuff described clearly.





Let me work offline on 4.3.
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