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The Simple Art of Software

by Stephen Taylor
Email: sjt@lambenttechnology.com

The Extreme Programming movement is reviving and extending our tradition of fast and lively software development. APL programmers should hop aboard this bandwagon.

In “The Simple Art of Murder”
, Raymond Chandler wrote of Dashiel Hammett, master of the ‘hard-boiled’ detective story, that he “took the art of murder out of the country vicarage and gave it back to the people on the street, to whom it really belonged anyway.” 

Kent Beck and his colleagues in the Extreme Programming (XP) movement have performed a similar service for software development. XP aims to take software development out of the hands of methodologists and give it back to the programmers.

Critics accuse XP of being a licence for programmers to hack away without supervision. Such accusations overlook XP’s exacting disciplines. But the bottom line is that XP practitioners report startling improvements in satisfying customers by quickly getting the software they want into production. It also seems to be a barrel of fun: few programmers who’ve tried it want to work any other way afterwards.

XP aims to focus ruthlessly on producing working code and to avoid distractions. It has radical views on what supports and what distracts from software development. Change is constant, so XP says develop in iterations and plan just for the next release. It’s cheaper and faster to refactor than to do Big Design Up Front, so write the simplest code that could possibly work. Don’t build infrastructure until the iteration you need it. The future is hard to predict; the odds are You Ain’t Gonna Need It. Stay agile.

Heady stuff. XP can sound like a hacker's paradise. But it also introduces radical disciplines. XP asks What if we took the best programming practices we know and turned all the dials up to ten? Code reviews are the best way we know to improve code quality; so we’ll program in pairs for continuous review. Testing is good even though we hate it; so we’ll do lots. In fact, we’ll write the tests before the programs. Integration is important; we’ll integrate new code every few hours. Did we ever work like this?

Perhaps we did. Some XP practices are eerily reminiscent of APL projects I’ve worked on. For example, the impatience that ditches formal requirements analysis and specification in favour of close communication with the customer in a conversation that allows the system to evolve. XP practitioners report the sense of exhilaration and momentum that I remember from APL projects in the 1970s and 1980s. 

In the 1980s software engineers persuaded me that our loose, fast way of producing systems, for all its early successes, was bankrupt, a dead end. But my initial enthusiasm for the promises of structured analysis and design gave way to frustration and despondency as I saw projects trudge into delay, disappointment or cancellation. If this was the right way to make software, I was going to find another way to make a living.

XP implies the way I used to write software in APL projects in the 70s and 80s is valuable and worth recovering, and that new practices identified by XP can make it safer and more predictable, as I had once hoped software engineering would.

This will interest every commercial APL programmer. The software engineering project was part of a professionalisation of IT in the 1980s that sought, with limited success, to bring the notoriously risky activity of software development under management control. That movement brought APL into disrepute as an exotic technology that should be eschewed in favour of ‘standard’ and ‘strategic’ technologies or ‘platforms’. (Is there anything more poignant than out-of-fashion buzzwords?)

The Extreme Programming movement implies the possible rehabilitation of the way APL programmers have always written software. Instead of being seen as maverick and eccentric, we might be seen as the vanguard of software development. If you write APL programs for money, you will want to find out about XP.

In this article, we look firstly at what XP is, secondly at what APL software development might look like with XP added, and lastly at what APL has to offer the XP movement. (XP emerged from the Smalltalk community but now seems to be based among Java, C# and C++ programmers.) This last topic is the subject of a research report I’m presenting at the XP 2003 conference in Genoa in May. 

It’s programming, Jim, but not as we know it

What follows is the briefest summary of XP principles and practices that could possibly make the rest of the article work. I’m not going  to argue here their strengths and weaknesses. That is discussed at length in McBreen (2003) and all over the XP wiki. (See Links at the end of this article.)

A better introduction to XP principles and practices can be found on the Web as the Gentle Introduction, also listed in the Links.

XP was first articulated by Kent Beck in a now legendary 1990s Smalltalk project that built a payroll system for Chrysler. Beck’s ‘sound bites’ enjoy wide currency in the XP community; one of the better-known is “All methodologies are based on fear.” Organisations that have been burned by vague and informal requirements, and coding activities that never seem to finish, learned to insist on formal statements of requirements, and detailed planning and control of code construction.

This kicked off in the 1980s with Barry Boehm’s Software Economics. Boehm compared the work of software developers unfavourably with the work of civil engineers. Engineers routinely construct bridges and buildings to within 2-3% of their budgets and schedules; but 13% of all software projects used all of their time and money and then fail without delivering anything. Why were we so bad at what we did? Boehm proposed we adopt some of the routine disciplines of engineering. 

A key premise of his work and the Software Engineering movement that it founded was that the cost of change in a project rises over time. This is so obvious in civil engineering as not to require examination. It’s cheaper to change the shape of a bridge before you’ve built any of it than when it’s half built. The lesson drawn for software development was to plan ahead. Get the requirements defined exactly, design for those and you’ll deliver the right software, with a predictable construction process. One of the implications is that, when you’ve defined and agreed those requirements, you freeze them. In practice, freezing requirements never seemed to work. But it made sense to make it harder for the users to change the requirements the later it got in the project. 

It turned out there were several things wrong with Software Engineering. The worst of them was the results. Inexplicably, all this process didn’t seem to make developing software much more predictable or successful. Indefatigable methodologists looked for what was missing so they could add it to their processes. Major projects routinely produced awe-inspiring quantities of design artefacts, including formal requirement definitions of extravagant length. (Had the business users truly read and understood all that?) 

Software Engineering is undermined by two Great Lies. The first is that the users can tell us what they want. That’s not true: they can’t. Usually they can’t do it because they don’t know. Only when they use some of the software will they start to see what it makes possible for their business. And even what they’re sure of they can’t tell us because we don’t have a language for communicating the requirements precisely. Writing a thousand pages of requirement narratives and diagrams doesn’t help if the business users can’t master it. Instead they trust that we’ve understood them and sign off the requirements. (Also, they know we won’t build anything for them until they do.) But they hate it, because they know that anything we build that they don’t like, we’re going to show them described in the requirements with their signatures underneath.

And even if the business users know what they want and were able to tell us precisely and accurately, the rapid change of business conditions would make them wrong before we’ve finished building it. We’d have met the requirements as stated, but failed to deliver what the business needs. And isn’t that the point?

The second Great Lie is that we know how to build the system to the requirements. That’s not true; we rarely know how to do that. Engineers might know how to put up buildings and bridges to a blueprint, but we don’t know that much about computer systems. Oh, we know some of most systems, but most software development entails novelty. We estimate as best we can and solve the problems as we come to them.

The process of a running project then works to protect the two lies. Further contributions from users are deflected into Change Management over the protests of users that they are not changing but clarifying requirements. Project managers hide delays and problems in building the software for as long as they can assure customers that construction is going “according to plan”.

XP offers a heroic escape from this impasse. It begins with acknowledging the two Great Lies. XP then offers a Hopeful Insight.

The Hopeful Insight is that the analogy with engineering has been misapplied. In engineering, expensive resources (architects and engineers) are used to plan construction. Construction uses cheaper resources (building materials, labourers, craftsmen and foremen) but is the biggest project cost. So it’s worth using valuable time and people to get it right. Mistakes in construction are potentially very expensive.

Software Engineers applied the analogy from civil engineering like this: system and database designers correspond to engineers and architects, and programmers churn out code instead of concrete.

XP says that’s wrong. Executable code is produced by compilers and, given the speed and cost of PCs now, is cheap and immediate. Software development is all design activity these days; and the construction process is for all practical purposes free. 

That makes it possible that Boehm’s famous cost-of-change curve might not always rise over time. What if it didn’t? Then, given the net present value of your project funds, you would rather spend money on design as late as possible. You would try to avoid Big Design Up Front and solve your problems as late as you could. 

XP practitioners experimented with treating the cost-of-change curve as flat. They report that mostly, technical problems turn out to have simple solutions. Some don’t, but it costs more to identify and solve them in advance than to solve them as you find them. 

Two keys to doing that are to keep the system as simple (and thus as flexible) as possible and to have very full communication between the developers, and between the developers and the customers.

A number of virtuous circles emerge from this. For example, if we do Big Design Up Front, then a change in requirements entails changing requirements and design documents even if the change is to a part of the system that hasn’t been built yet. Under XP, if you haven’t built it, you haven’t done the design either, so the change in requirements is free. 

Values

XP urges four cardinal virtues: 

· Communication

· Simplicity

· Feedback

· Courage

Practices

Here is a summary of all the practices, lifted straight from Beck (2000, p. 54). Some of them have gained fame or notoriety; others are less well-known.

· The Planning Game—Quickly determine the scope of the next release by combining business priorities and technical estimates. As reality overtakes the plan, update the plan.

· Small releases—Put a simple system into production quickly, then release new versions on a very short cycle.

· Metaphor—Guide all development with a simple shared story of how the whole system works.

· Simple design—The system should be designed as simply as possible at any given moment. Extra complexity is removed as soon as it is discovered.

· Testing—Programmers continually write unit tests, which must run flawlessly for development to continue. Customers write tests demonstrating that features are finished.

· Refactoring—Programmers restructure the system without changing its behaviour to remove duplication, improve communication, simplify, or add flexibility.

· Pair programming—All production code is written with two programmers at one machine.

· Collective ownership—Anyone can change any code anywhere in the system at any time.

· Continuous integration—Integrate and build the system many times a day, every time a task is completed.

· 40-hour week—Work no more than 40 hours a week as a rule. Never work overtime a second week in a row.

· On-site customer—Include a real, live user on the team, available full-time to answer questions.

· Coding standards—Programmers write all code in accordance with rules emphasizing communication through the code.

This list this will provoke a variety of responses, from “no big deal; we do most of that” to “couldn’t possibly work”. I’m not going to discuss that here. There are excellent books that do; I recommend them and list them at the end of the article.

Applying XP to APL projects

McBreen (2003) discusses to which projects you can apply XP. Four to six programmers seems to be a minimum size. I know few APL projects with teams this large. So just this one criterion by itself seems to limit XP’s application to APL. Doing a ‘pure XP’ project in APL looks problematic right away.

XP writers warn of the pitfalls of selecting and applying just the XP practices you like. The full set of practices reinforce and support each other in multiple ways. That said, they also recommend adopting them piecemeal, bearing in mind that you won’t see most of the value until you have most of the practices in place. 

So, what XP practices could I adopt in my 2-man APL project?

Some of the practices listed above seemed immediately familiar to me. Wary of ambitious projects that go nowhere, I have long built in small increments and coded “the simplest thing that could possibly work”, both for APL systems and web sites.

When introduced to APL, I loved the simplicity of the text book functions, and (in the days before GUIs) the application-specific languages we constructed in immediate-execution mode. I loved the further simplification of Iverson’s early designs for direct definition, but was already struggling to preserve such simplicities in systems that communicated complex states through improbably named globals. 

I fondly remember from the days before spreadsheets, sitting beside a customer and coding functions as he described what he wanted. What I wrote was then immediately usable; integration and development proceeded hand in hand. XP talk of an on-site customer and continuous integration brought back happy memories.

It’s been a long time since problems of memory management or processor speed occupied much of my attention. Instead I’ve learned to devote much of my coding effort to clarity; that is, writing code that communicates to a human reader its intent clearly and without duplication. (See “Three Principles of Coding Clarity”, Vector 18.4). XP’s practices of simplicity and refactoring, and its Once And Once Only standard for coding, immediately sounded like home territory.

Other XP practices sounded quite alien. Hating testing just as much as the next guy, I’d tried with some success to compensate with code clarity for the absence of formal tests. Doing test-first design sounded at different times either radical or perverse. 

I’d had success teaching APL as Ken Iverson taught me to do it, pairing students for explorations at the keyboard. And I’ve always found pairing myself with a fellow programmer improved code. But I’d never considered routinely pairing for all production coding. This is XP ‘turning all the dials up to ten’.

What have I been able to try out in my current project?

Testing

Testing seemed like a good idea until I started analysis. Then it became indispensable. 

The project entails automating complex and elaborate procedures for calculating the surrender value of a pension policy. New clerks typically train for six months before they are proficient in all the different procedures. The trainers scheduled a couple of weeks to train me in the most important ones.

We quickly ran into difficulties. The trainers can show me how to process any given case. But discussing and reasoning about the rules only produced confusion. I foresaw frustration, followed by them resignedly nodding through my error-filled notes and diagrams in the hope that I had surely ‘got it’. Communication wasn’t happening: what we were trying to do exceeded our linguistic abilities.

So I changed tactics. I had my partner, the trainer, take me through a single example, showing me the mainframe screens consulted. In immediate-execution mode I was able quickly to reconstruct data from the mainframe screens. My partner then explained what to do with it; and I coded the steps as a function, which we referred to as our ‘script’. Writing each step of the script in APL usually took less time than speaking it in English, so there was no occasion to interrupt our conversation; coding substituted for taking notes. I used my partner’s vocabulary to name objects, and only simple control structures. I also subordinated into Dfns any primitive code of distracting length, and moved the Dfn definitions into the script’s initial declarations. So my partner was able to review the APL code with me.  

When we had reviewed the process, I ran our ‘script’ and compared my results with my partner’s. If we differed, it was a few minutes’ work to step through the script to identify and resolve the divergence. 

I had nested within Dyalog namespaces all the data used. I now nested that into another, along with a comment and an executable expression lx which compared the results of the script with model answers: 

      )ns c
#.c
      c.comment„'Transfer val when suspended and status is 98'
      c.lx„'TV = Data #.Script ValueDate'
      c.(TV ValueDate Data)„34093.51 20030307 data
      c ŒFAPPEND 1
The namespace c became the first test case on the file tied to 1—my test suite. A simple function sufficed to run a test.

rt„{0::¯1 ª ¾.(–lx)}

This would return 1 if the test passed; 0 if it failed, and ¯1 if it broke. RunTest made this explicit to my partner.

RunTest„{œ'Passed' 'Failed' 'Broke'[1 0 ¯1¼rt ¾]} 

I resisted the temptation to give my test rig any more capability unless and until I should need it. This conformed both to the XP principle of doing the simplest thing that could possibly work, and to my love of simple, textbook programming. 

My trainer partner then took me through another worked example to show some different rules. I extended our script where necessary to accommodate new rules, confirmed the result and resolved differences as before until

      RunTest c
Passed
      c ŒFAPPEND 1
Now I needed to check that our first test case still passed. A simple function rs exercises the whole suite

rs„{{0::¯1 ª (ŒFREAD ¾).–'–lx'}¨¾,¨œ‡°¼/ŒIO-þ2†ŒFSIZE ¾}

but needs expanding for my partner:

RunSuite„{
     p f b„‡1 0 ¯1°.=rs ¾
     t„(•+/p),'/',(•½p),' passed'
     cs„{1²' ; case','s'/þ1<+/¾}
     rpt„{Ÿ/¾:(cs ¾),(•¾/¼½¾),' ',¸ ª ''}
     t,('failed'rpt f),'broke'rpt b 
 }

      RunSuite 1
2/2 passed

We got up to 5 cases before 

      RunSuite 1
3/5 passed; case 2 failed; case 3 broke

led us back to resolve conflicts with earlier expressions of the rules. 

Some observations. 

· This conforms roughly to the XP practice of test-first design. If we’d conformed strictly, I would have run the test before amending the code, to demonstrate that the code needed changing. (Sometimes this will surprise you.) Once the script produced the right answer without breaking earlier cases, we’d done with the case and could move on. This gave us certainty and speed. Our task was to produce a script that would pass a set of test cases; when it did that we were done. (We are free in the project to add any more test cases we think of later.)

· I’d completedly elided analysis. When we finished, I was starting to get the hang of the logic for myself. I’d produced no notes, no flow charts or logic diagrams and no documentation, and only partially understood the process we were automating. In terms of a traditional analysis session, it was a disaster. Instead, I had a set of formal acceptance tests and working code that passed the tests. I was way ahead of my schedule. I also had a user who was certain that I had correctly coded the rules I’d been shown, and that we could easily accommodate any further variation. This conforms to the XP practice of communicating through the code, and its focus on producing code rather than ‘design artefacts’. 

· At one or two points we’d sketched quick diagrams or listed some points. In accordance with XP practice, we destroyed these notes as soon as the code passed the tests. The acceptance tests are the best documentation. I wrote display functions for the tests and we had them cross-checked by other trainers: see Technical Notes.

· The code I had sketched so quickly benefited from refactoring towards the end. I removed duplications and condensed the primitive APL expressions as much as I could to leave the control structure plain to my partner. I was able to do this with speed and confidence: every time I recoded something, I reran the test suite.

Pair programming/On-site customer

At first I thought I was doing a new kind of pair programming, but with the customer. Not so. The point of pair programming is to raise code quality. What I was doing with my trainer partner was about requirements, not code quality.

However, it was a very intensive way of working with the on-site customer. Developing software raises questions which need answers and decisions from the business users. Having an on-site customer means fast answers when you need them, which in turn means you can jump straight into stuff and work things out as you go.

Planning Game

The principle behind the Planning Game is that the business users should make all the business decisions and the programmers all the technical ones. That sounds too obvious to bear saying, but it has radical consequences. 

At the beginning of an iteration the business users write user stories on index cards. These describe in a sentence or two some desired behaviour of the system. The programmers estimate how long it would take to produce that in ideal conditions—with no distractions and so on. Life isn’t ideal like that, so we use the velocity of the team to calculate how many ideal days work we’ll get done in the iteration, given that we’re programming in pairs and will also need to help and talk to each other. XP recommends guessing an initial velocity of 1 ideal day for 3 calendar days; experience will quickly show what actual velocity is.

The business users then get to pick the stories for the iteration. They can pick any combination that adds up to the number of ideal days available. Our initial estimates are only guesses, but they are the best we’ve got. After a couple of iterations, estimates should get reliable enough. If we underestimate and can’t get it all done the business users choose what gets deferred. If we get through faster than we thought, they can pick another story or two to fit in. What we don’t do is shorten or lengthen the iteration; because we need the feedback on how good our estimates were, else we’ll have no better information when planning later iterations.

XP commits me to writing the simplest code that could possibly work, and pairs me with a programming partner to reduce my chances of straying. So I have no scope for adding neat stuff to the system. I am free to suggest it as a story to the business users in the Planning Game, but unless they include it in the iteration, I don’t build it. 

I’ve done this for one iteration now in my current project, and notice how much easier my life is. Previously I allowed myself freedom to add neat stuff to the system and fretted over what to do and in what order and would it all be ready in time. Now I can spend time only on the simplest possible solution to the user stories; my users know exactly what is coming, and hey, the next iteration is only a week or so away, we can pick up the neat idea then, or not. XP says I’ve been [image: image1.png]BETTER YET,YOU 1 DONT MEAN TO
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working way too hard.

XP + APL

XP originated in a Smalltalk project and seems these days to be used mainly by Java, C# and C++ programmers. What would XP be like with APL added?

The most dramatic extension of the XP practices I can see is the way I was able to work with the on-site customer. To be more precise, we had an on-site programmer. Instead of an on-site customer sitting with the programmers, the two programmers work on-site with the customers. This has some inconveniences. But they are outweighed by being able to resolve questions in the environment in which the software will be used. The moral effect on our customers is dramatic. They know what we’re doing, what they’re going to get and when. And they’re pulling more weight on the project than I’ve seen since, oh, APL projects in the 70s… 

Coding with the customer seems to be an APL tradition not easily replicated in more verbose languages. 

Communication is one of the four cardinal values of XP, especially communication between programmers through code. Coding with the customer extends this to the customer. 

XP emphasises talking as an alternative to slower and more formal writing. A virtuous circle emerges in which questions are resolved almost immediately instead of being documented and managed. Coding with the customer tightens this still further, producing another turn of the circle. 

Conclusion

Extreme Programming revives a fast and lively style of software development that will be familiar to APL programmers. XP adds disciplines to make software development predictable as well as satisfying and productive. Implementing a test rig in APL is almost trivially simple.

XP aims to take good programming practices and “turn the dials up to ten”. On one of those dials—communication—APL’s tradition of coding with the customer extends the dial.

APL programmers should look into XP practices. They are an opportunity to rehabilitate our tradition of fast and lively software production.

Some languages are more agile than others. Extreme Programming practitioners will want to explore how much further APL’s immediate-execution mode and extreme terseness can take XP practices.
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http://www.extremeprogramming.org/
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Technical Notes

     ’ ShowSuite cases;case
[1]    © cases is overloaded: [1] tno [2] start [3] end
[2]
[3]    Œ„ŒFNAMES[ŒFNUMS¼œcases;]
[4]
[5]    :For case :In cns cases
[6]        Œ„'[',(•2œcase),']'
[7]        Œ„sn ŒFREAD case
[8]    :EndFor
     ’

sn„{
0¹½¾.ŒNL 9:¾.({¾ fv–¨¾}‡ŒNL 2) 
{¾½þ²1,½¾}(›¾.({¾ fv–¨¾}‡ŒNL 2)),¾.((,°'>'¨‡ŒNL 9){¸ ¾}¨’°–¨‡ŒNL 9)
}

sn contains awkward repetitions in order to avoid internal assignments, which its recursions would leave defined inside the namespaces it displays.

fv„{
   1‰½¾:(':',þœ¸)(œ¾) 
   œ{¾^.=1²¾}½°,¨¾:(«)((¸~¨' ')®³†¾) 
   (†¸,¨':')((²1,½¾)½,¨¾)
}

The last function fv (format variables) exploits the frequency with which the test data incorporated variables of the same length, often taken from columns on mainframe data. For example:

Data.MF1.(PHASE FUND UNITS)„(2 3 4)(159 168 159)(0 0 21345.68)

So fv displays equilinear vectors as a table of headed columns.
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�  The Atlantic Magazine, December 1944.
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