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While use case diagrams are a great tool for high level communication, with just a bit more effort you can turn that diagram into a tool for analyzing the relative “traffic” use cases in your product will receive. In this article you are going to see how to use your use case diagrams to generate an operational profile of your product, providing information that will give you a better idea of the parts of the system that warrant extra attention in terms of making your product easy to use, highly performant, and reliable. Sound good? Read on.
The field of Software Reliability Engineering (SRE) is about increasing customer satisfaction by delivering a reliable product while minimizing engineering costs. Use case-driven development and SRE are a natural match, both being usage-driven styles of product development. What SRE adds to use case-driven development is a discipline for focusing time, effort, and resources on use cases in proportion to their estimated frequency of use
 to maximize quality while minimizing development costs. Or as John Musa says, “More reliable software, faster and cheaper.”

A key concept in SRE is quantifying frequency of product use by the user. Use cases already provide a discrete unit for describing product use; SRE provides the means to quantify that use with what is called an operational profile. In Succeeding with Use Cases (Denney 2005) I describe a simple method for building an operational profile for a package of use cases. If you have a sales order system in which on average, users place 10 orders in-state (state sales tax required), 100 orders out-of-state but in-country (varying sales tax by state) and 1000 international orders (federal tariffs and shipping constraints) then the relative frequency of these use cases is .01, .09 and .90 respectively (see Table 1).
Table 1 Operational profile for use cases of a simple sales order system
	Use Case
	Times Executed per Day
	Relative Frequency

	Place In-State Order
	10
	0.01

	Place Out of State Order
	100
	0.09

	Place International Order
	1000
	0.90

	TOTAL
	1110
	1.00


Now, looking at Table 1 ask yourself this: Is applying the same level of rigor – usability studies, system analysis, inspection, code profiling, testing—to all three use cases really the best use of your effort and resources? Understanding what are the high traffic use cases of your system allows you to spend your engineering dollars more intelligently to provide an easy to use, performant and reliable product. It’s all about getting the highest “quality bang” for your development and testing buck.
To generate an operational profile from your use case diagram you’re going to need another tool I talked about in my book: a QFD matrix, which you can easily implement as a spreadsheet. Let’s get started.

Use Case Diagram Example
QFD is a product-planning tool that is used to translate business drivers into the technical requirements and design aspects of a product. Though originally developed for manufacturing industries in the 1960s, today QFD-like ideas are being used successfully for all sorts of applications, including software development, the services industry, and process management, and is considered an essential part of the quality improvement toolkit. 
QFD boiled down to simple mechanics is in large part about establishing links between “things” – e.g. business drivers and technical requirements (QFD is an ideal tool for traceability) -- and about prioritizing those links. The key tool for representing these prioritized links is the QFD matrix; it’s an ideal tool for representing a use case diagram – establishing links between actors and use cases -- and for generating an operational profile from that diagram.
 

The easiest way to see how to generate an operational profile from a use case diagram using a QFD matrix is with an example. Figure 1 presents a typical use case diagram for a new public library book management system. There are four actors presented in the use case diagram:

· Book Curator is the overall manager of the portfolio of books in the library
· Librarian serves to manage the day to day lending of books in the library

· Self Service Kiosk is not a person, but rather a new kiosk system the library is trying for select library users with special library cards. The Self Service Kiosk allows these special users to “lend” and return books themselves without the assistance of a librarian
· And finally, Internet User is a person that uses the available internet connection to query book availability
The identified use cases these actors can perform are:

· Add New Books to Library Database
· Remove Books from Library Database
· Do Book Search

· Reserve Books
· Cancel Book Reservations
· Manage Book Loans
· Lend Books
· Return Books
Use case Reserve Books is used to put a hold on books that are checked out; it essentially lets a reader “wait in line” for the books. Cancel Book Reservations removes a reader from the waiting list; e.g. if they loose interest or find the books elsewhere. Use case Manage Book Loans is used to manage the loaning of books to and from other libraries; e.g. a reader may request the library transfer a book from a branch across town to their local branch library. The purpose of the other use cases is self evident.
Finally, the lines of Figure 1 associate actors with the use cases they can execute. Some use cases can only be executed by one actor (only the curator can add and remove books from the library database), while other use cases can be executed by all actors (e.g. every one can do searches for books).
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Figure 1 Use case diagram for library book management system
Implement Use Case Diagram as QFD Matrix

While the use case diagram of Figure 1 is certainly useful for high level communication, what you would like to do is convert this into a tool for analyzing the relative “traffic” each use case will receive. You begin this analysis by building a simple QFD matrix, here implemented as an Excel spreadsheet (see Figure 2 ). In this matrix, all actors of the use case diagram are placed in rows, and the use cases are placed across the top as columns.
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Figure 2 Rows of matrix are actors from the use case diagram. Columns are the use cases.
Quantify Numbers of Actors

The next step in analyzing your use case traffic is to quantify the number of each type of actor in the use case diagram. How many book curators are there? How about librarians; self service kiosks? Don’t get hung-up on precise numbers; ball park numbers are all you need to understand the relative numbers of actors, e.g. how many librarians do you have relative to curators: Same amount; twice as many? How about internet users; how many more than kiosks: Twice as many; a hundred times as many? 
At this point you might say, “I have no idea how many internet users to expect!”. To which I would respond: Bingo, we’ve just identified a non-functional requirement that needs clarification! Asking questions about numbers of actors in the use case diagram is a healthy thing to be doing early on.
Keeping in mind that the goal is to get ballpark numbers for the operational profile you might try this. Rather than agonizing over whether there is one versus two book curators, or fifty versus two hundred internet users, try working with orders of magnitude. An order of magnitude estimate is one given in terms of a factor of 10:

100 = 1

101 = 10

102 = 100

103 = 1000

104 = 10,000

etc..
By their nature of separation, it’s usually easier to come up with orders of magnitude estimates. Here’s an example I use in the book: What’s the average life of a

person? Rather than getting into debates about the numerous factors that

effect people’s longevity—health, lifestyle, country, even what century—it’s

pretty clear that it’s on an order of magnitude of 100 years; 10 is way too

small and 1000 is way too big. Use order of magnitude estimates to get you in the ball park, then step back and refine your estimates if you feel so inclined, doubling here, and halving there.

So for our library use case diagram you determine that as a rule of thumb, using orders of magnitude estimates there is one curator, ten librarians, one self service kiosk, and one hundred internet users that might be accessing the system each day. This information is placed in the matrix in column Number of Actors (see Figure 3 ).
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Figure 3 Numbers of each type of actor are entered into the matrix
Quantify Frequency of Use

With estimates of numbers of each type of actor identified you now turn to the question of who does what, i.e. which actors use what use cases .. and how often! In a use case diagram this information is captured as relationships – depicted as lines – between actors and use cases (refer to Figure 1). In the QFD matrix it is captured by placing a number in the cell that corresponds to the intersection of an actor (row) and use case (column). The number you place in the cell is the number of times a “typical” actor of that type will execute that use case per some unit of time, say daily. If an actor never uses a particular use case the cell is left blank.

Again, using orders of magnitude to estimate frequency of use will help avoid analysis paralysis. Once in the ballpark you can step back and tweak the estimate, doubling here and halving there if you are so compelled. For the library use case diagram, orders of magnitude estimates for each actor are provided in Figure 4; frequency is given in times per day each use case is executed by each actor of that type.
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Figure 4 Frequency of execution of each use case by actor type is entered into the matrix
Notice that the Book Curator executes the Add Books to Library Database and Remove Books from Library Database .5 and .05 times a day, respectively. Are those order of magnitude estimates? Yes; when a use case is used less than once per unit of time – here daily – you can get the order of magnitude estimate like this. The curator adds about100 books (order of magnitude) a year; a year is about 200 working days, so the formula for calculating daily use is:

100 / 200 = .5
Similarly, the curator removes about 10 books a year (order of magnitude; the library is growing!), so the formula for calculating daily use is:


10 / 200 = .05

Getting estimates of the number of actors of each type and frequency of use information is the hard part of analyzing the traffic through your use cases. All that is left is to crank out the results. The matrix of Figure 5 shows the formulas you need for this; the top formula calculates absolute number of times per day; the bottom formula calculates relative frequency.

Figure 6 shows the final results: an estimate of the frequency of daily execution of each use case by all actors in the library book management system. The frequency of use information from Figure 6 is graphed as a bar chart in Figure 7. 
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Figure 5 Formulas for calculating frequency of use for each use case. 
[image: image6.png]sooaume| [2[2] [8]3
~woame| 88| |2|8
PR — HE
PR e ——— . Y P
g e
3 vogemeseu - |2 [2 |- [5]3
voros voomoa| 2 (2|8 [2| |3
aseaeieq et wou 5 AH
oo srouent| 2 HH
aseaereq et o1 AE
Svooa pr| S HH
ooy |- |2|-|8| E
JEIE3|s
gz 32 :é
HE o&E|ge

[t





Figure 6 Final result: frequency of daily execution of each use case by all actors in the library book management system.
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Figure 7 Bar chart of estimated daily execution of each use case as calculated in Figure 5.
Working Smart

“OK” you say, “That’s all well and good, but what does frequency of use have to do with helping me work smarter to deliver a quality product?!”. As I noted in my book, another way to look at the frequency of use information of use cases is in terms of opportunities for failure. Think of it like this: Use case Do Book Search is not just executed 2000+ a day; rather it has 2000+ opportunities for failure a day. Each time a use case is executed by a user it is an opportunity for the user to stumble onto a latent defect in the code; to discover a missed requirement; to discover just how user un-friendly the interface really is; to tax the performance of critical computing resources of the system like memory, disk and CPU. With each additional execution of a use case the probability goes up that the execution will result in failure. Viewed as opportunities for failure in your production system, doesn’t it make sense to spend engineering effort and resources in relative proportion to the opportunities for failure that each use case will receive in production? 
That’s what Software Reliability Engineering is all about; working smart to get the most quality from your development and testing dollars!
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� In addition to frequency of use, criticality is also an important factor in determining which use cases require added attention. For a discussion on this topic see Air Bags and Hawaiian Shirts and Extending Operational Profiles to Address Critical Use Cases, Denney (2005).


� You really don’t need to know much more about QFD to build a use case diagram, but if you want to learn more I encourage you to see Part 1 of my book, which gives a broader treatment of the combined use of QFD with use cases.


� Formulas shown for Excel. Your favorite spreadsheet will provide equivalent functionality.








