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I’ve asked a lot of existing project managers, and new—some new project managers, and some old project managers, can they quantify for me where the elements of cost are in their program.  And they look at me, and say, “Oh, well, I got this instrument, it’s ‘x-million dollars,’ and I’ve got this spacecraft, and its x millions of dollars, and then I’ve got this team of people, this contractor that’s putting it all together.”  And then I says, “no, no, no—quantify it for me in terms of percentages.  I’ll give you three phases—hardware development, integration, and test, launch and operations.  Now quantify that for me.”  And they all look at me like I’m nuts.  But in fact, Rand Corporation did this kind of study years ago, for both the Air Force and NASA, and it turns out that, in round numbers, one-third of the program involves—of an average program involves hardware development.  Another third involves launch and operations, and in the middle is one-third of the program that involves bringing the hardware together and getting it ready for launch.  And we call that integration and test.  One-third of your program’s costs are going to be wrapped around integration and test.  So, if you are a very bright individual as a project manager, you’re going to focus right away on architecture, because the right architecture can cut that one-third of your program in half if you can build it, and put it together quickly—whatever that process may be—in my case, I like to refer to it as “modularization.”  Then, you’re going to save a significant amount of your program cost in integration and test.  And you’re also going to be able to take advantage of using that piece of your program to consolidate and control cost growth.  So, there’s a very fundamental principle associated with architecture modularization.  There are other pieces of program that only apply to those systems that can be serviced.  And, whether they’re from Station, or whether they’re low-Earth orbit, like Hubble.  And they apply to the right principles and what modularization buys for you.  And those principles are that if you modularize, and you can put it together quickly on the ground, you can sure as heck repair it on orbit.

