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The idea of customizing software has been around since the first program was written. Historically, software customization was done by modifying the program code itself.  In the days when programs consisted of no more than a few thousand lines of code this was possible.  One programmer could understand the entire program and “safely” make the change.





But even with small programs changing the code is never easy!  The first problem is just finding the code that needs to be changed. Indeed, this is why the year 2000 is causing such panic (or is it denial?).  How do you find all the code that manipulates and compares dates?  The more serious problem is to be sure that the changes don’t adversely affect other parts of the program.  Furthermore, any changes to the code need to be carefully documented.





As programs became larger (tens and hundreds of thousands of lines of code) and more widely distributed, modifying the code was no longer feasible.  No one programmer can understand the program sufficiently well to be confident that a change in one place will not have unintended consequences somewhere else.  Just trying to find where the change needs to be made is a daunting task.  The number of possible permutations grows exponentially and  it’s simply not feasible to document customizations for millions of users.





The contemporary approach to software customization relies on two basic strategies:


Parameterization in the form of “script files”.  When an application program starts up, it typically reads a script file to set various operating parameters and user preferences.  Changing an entry in a script file modifies the behavior of the program much like changing a cell in a spreadsheet.  


Modularity in the form of “device drivers” to accomodate new and different hardware.  A device driver is an independent program module that conforms to some well-defined Application Programming Interface (API) and provides the translation between the specific hardware protocol and the API.  Drivers for a class of devices, say printers, all conform to the same API and are thus interchangeable.





Consider an inventory control system for example.  One customer may require 20,000 records.  Another may only require 5,000 records.  The program needs to be parameterized so that the second customer isn’t burdened by the storage requirements of the first.  In the “old days” the programmer would find where “maximum number of records” is defined, change it and rebuild the program for each customer.  The modern approach makes the maximum number of records an entry in a script file which is read and interpreted when the inventory program starts executing.  Now the change is just a matter of editing a value in a text file.  The program doesn’t need to be rebuilt and the documentation of the change is simply the script file itself.





To change from one type of printer to another using the contemporary approach, we simply substitute one device driver module for another.  Since both drivers conform to the same API, there is no need to modify any code and the rest of the system doesn’t even know or care that the printer has been changed.  Furthermore, the programmers writing the device drivers don’t have to know anything about the application.  They simply write to the API.  This in essence is the “object-oriented” design philosophy whereby the private details of implementation are hidden behind a well-defined public interface.





Note by the way that both of these customization strategies can be employed by the end user.  The parameterization level is familiar to many Windows users as the “.INI” files that define user preferences in most windows applications.  Adding or changing peripheral devices is easily accomplished through an “install” procedure that automatically installs the correct device drivers.





There is a third customization strategy similar to the script file idea but which is employed at the time the program is built and is not user-accessible.  The Windows programming model seperates code from what it calls “resources”--menus, icons, cursors, text strings and so on.  These resources are collected into a separate “resource file”, compiled independently of the code, and then linked with the code to create the executable application.  Among other things, this strategy eases the task of internationalization.  Having all of the displayable text strings for the program in one places makes translation into other languages much simpler.   Different language versions are then built by simply linking the code with the appropriate language-dependent resource file.





Products based on embedded microcomputers are well suited to mass customization.  It’s simply a matter of altering the firmware.  The key question is, how can we apply the contemporary techniques of software customization in the context of systems where customization cannot be easily carried out by the end user?  Can we structure the firmware such that it can be safely altered on the fly at the time of product assembly?





Table-Driven Software for Mass Customization


There is a concept in software engineering called Table-Driven Design (or Table-Driven Programming) that is similar to the Windows resource concept.  That is, it is a database of program parameters compiled and maintained separate from the program code. The objective is to extract as much of the “character” of the program as possible from the code and treat it as “data”. The data are organized into one or more tables collected into modules or files separate from the code modules.  The code itself becomes relatively fixed and “generic”.  Its function is to simply interpret the tables.  The data tables and code files are each “compiled” to generate a set of “object” modules which are then linked together to create the executable firmware module.





For example, consider an automotive engine control computer.  The firmware can be structured around a set of tables that characterize the engine and vehicle--number of cylinders, vehicle weight, power vs. RPM curve and so on.  Adapting the controller to a different engine is simply a matter of changing the table entries much like changing cells in a spreadsheet.  The code that inteprets these tables doesn’t change, doesn’t even need to be recompiled and certainly doesn’t need to be debugged again.  It just needs to be linked with the compiled tables to form the complete firmware module.





The hard part of programming is writing and debugging code.  The ultimate objective then is a strategy whereby the code only has to be written and debugged once.  Then we leave it alone and implement customization through a set of well-structured, understandable data tables.





There is one caveat of course.  What happens if a data value is invalid?  The code must be able to validate all table values either by falling back to a safe default value or by raising an error or exception condition.  Alternatively, the process by which the tables are generated could validate the data so that the target code is not burdened with that responsibility.





For mass customization, a configurator could be used to generate the appropriate table entries as compilable resource modules.  Compilation of the table files and subsequent linking with code modules can be done in realtime while the product’s hardware is being assembled.





The ease with which data tables can be altered quite naturally supports the mass customization paradigm.  The nice thing about table-driven design is that it can be done in any programming language with existing development tools.  There is nothing to invent and little risk in employing it as a software design strategy.
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