




26 SECTION I CONCEPTS

competing requirements. The products of design are models that enable us to rea-
son about our structures, make trade-offs when requirements conflict, and in gen-
eral, provide a blueprint for implementation.

The Importance of Model Building 

The building of models has a broad acceptance among all engineering disciplines, 
largely because model building appeals to the principles of decomposition, 
abstraction, and hierarchy [42]. Each model within a design describes a specific 
aspect of the system under consideration. As much as possible, we seek to build 
new models upon old models in which we already have confidence. Models give 
us the opportunity to fail under controlled conditions. We evaluate each model in 
both expected and unusual situations, and then we alter them when they fail to 
behave as we expect or desire.

We have found that in order to express all the subtleties of a complex system, we 
must use more than one kind of model. For example, when designing a personal 
computer, an electrical engineer must take into consideration the component-level 
view of the system as well as the physical layout of the circuit boards. This com-
ponent view forms a logical picture of the design of the system, which helps the 
engineer to reason about the cooperative behavior of the components. The board 
layout represents the physical packaging of these components, constrained by the 
board size, available power, and the kinds of components that exist. From this 
view, the engineer can independently reason about factors such as heat dissipation 
and manufacturability. The board designer must also consider dynamic as well as 
static aspects of the system under construction. Thus, the electrical engineer uses 
diagrams showing the static connections among individual components, as well 
as timing diagrams that show the behavior of these components over time. The 
engineer can then employ tools such as oscilloscopes and digital analyzers to val-
idate the correctness of both the static and dynamic models.

The Elements of Software Design Methodologies 

Clearly, there is no magic, no “silver bullet” [43] that can unfailingly lead the 
software engineer down the path from requirements to the implementation of a 
complex software system. In fact, the design of complex software systems does 
not lend itself at all to cookbook approaches. Rather, as noted earlier in the fifth 
attribute of complex systems, the design of such systems involves an incremental 
and iterative process.

Still, sound design methods do bring some much-needed discipline to the devel-
opment process. The software engineering community has evolved dozens of dif-
ferent design methodologies, which we can loosely classify into three categories 
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CHAPTER 1 COMPLEXITY 27

(see the Categories of Analysis and Design Methods sidebar). Despite their differ-
ences, all of these have elements in common. Specifically, each includes the 
following:

■ Notation The language for expressing each model
■ Process The activities leading to the orderly construction of the system’s 

models
■ Tools The artifacts that eliminate the tedium of model building and 

enforce rules about the models themselves, so that errors and 
inconsistencies can be exposed

A sound design method is based on a solid theoretical foundation yet offers 
degrees of freedom for artistic innovation.

The Models of Object-Oriented Development 

Is there a “best” design method? No, there is no absolute answer to this question, 
which is actually just a veiled way of asking the earlier question: What is the best 
way to decompose a complex system? To reiterate, we have found great value in 
building models that are focused on the “things” we find in the problem space, 
forming what we refer to as an object-oriented decomposition.

Object-oriented analysis and design is the method that leads us to an object-
oriented decomposition. By applying object-oriented design, we create software 
that is resilient to change and written with economy of expression. We achieve a 
greater level of confidence in the correctness of our software through an intelli-
gent separation of its state space. Ultimately, we reduce the risks inherent in 
developing complex software systems. 

In this chapter, we have made a case for using object-oriented analysis and design 
to master the complexity associated with developing software systems. Addition-
ally, we have suggested a number of fundamental benefits to be derived from 
applying this method. Before we present the notation and process of object-ori-
ented design, however, we must study the principles on which object-oriented 
development is founded, namely, abstraction, encapsulation, modularity, hierar-
chy, typing, concurrency, and persistence.

Summary

■ Software is inherently complex; the complexity of software systems often 
exceeds the human intellectual capacity.
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28 SECTION I CONCEPTS

■ The task of the software development team is to engineer the illusion of 
simplicity.

■ Complexity often takes the form of a hierarchy; it is useful to model both 
the “is a” and the “part of” hierarchies of a complex system.

■ Complex systems generally evolve from stable intermediate forms.
■ There are fundamental limiting factors of human cognition; we can address 

these constraints through the use of decomposition, abstraction, and 
hierarchy.

■ Complex systems can be viewed by focusing on either things or processes; 
there are compelling reasons for applying object-oriented decomposition, in 
which we view the world as a meaningful collection of objects that collabo-
rate to achieve some higher-level behavior.

■ Object-oriented analysis and design is the method that leads us to an object-
oriented decomposition; object-oriented design uses a notation and process 
for constructing complex software systems and offers a rich set of models 
with which we may reason about different aspects of the system under 
consideration.
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From The Rational Edge.

The way we write programs has changed significantly since the 
days when many of us chose to enter the software development 
field. Not only have the development tools changed, but also the 
languages we use to express our solutions to complex problems. 

Expert software developers today are multilingual. They usually 
have experience with at least a handful of programming 
languages for developing applications. It's interesting to see how 
one class of languages, called dynamic languages, have become 
the language of choice for implementing many applications. 

This month we'll look at this class of languages, why they're 
popular, and focus on three of them -- Perl, Python, and Ruby -- 
in enough depth to understand some of their main features and 
their differences from each other. 

What are dynamic languages?

Technically, a dynamic language is one that is capable of modifying its capabilities at run time. What does this mean? 
Consider LISP, one of the earliest languages that exhibited this ability. One of the main features of LISP is its ability to 
treat instructions as data. A LISP program can read LISP statements from a text file and execute them as if they were 
part of the original program. The program can also create new expressions in its memory and execute them on-the-
fly. For example, a Perl program can read in a text file that contains Perl code. It can then execute the code in that 
file, just as if the programmer had written it as part of the original program. LISP is a functional programming 
language, but that is not a necessary condition for a dynamic language. Many languages using other programming 
language paradigms, such as object-oriented, imperative, and so on, are also dynamic languages.

Dynamic languages often have high-level constructs that make programs written in them very compact. That is, the 
programmer does not need to write a lot of source code to produce quite sophisticated, complex programs. 1 

Many people use the term scripting language when they are really talking about dynamic languages. They do this 
because many of the dynamic languages are used for writing small- or medium-sized scripts that can be written 
quickly for a specific purpose. Today, however, we use these languages increasingly more often for more complex, 
production systems.

Language popularity

Every month, Tiobe Software publishes an index of programming languages. 2 The index gives some indication of the 
popularity of a programming language based on several factors. The index does not indicate that the most popular 
language is, in fact, the one that is used most often to write software, but it does give some indication of the software 
development community's interest in different languages. 3 

Five of the top ten languages in the June 2007 index are dynamic languages. This may surprise many of you. These 
five are PHP, Perl, Python, JavaScript, and Ruby. Each of these languages started out with different goals. And, like 
many good ideas that stand the test of time, these languages have expanded to support many other goals. In fact, for 
many applications where a dynamic language is a good choice, the similarities usually outweigh the differences. If we 
look at the top four languages in the Tiobe index -- Java, C, C++, and (Visual)Basic -- there are usually very good 

http://www.ibm.com/developerworks/rational/library/jun07/pollice/index.html (1 of 6) [6/11/2007 2:59:37 PM]



Dynamically speaking

reasons for choosing one over the other for a particular problem we face. But the same cannot be said for many of the 
dynamic languages. The choice often comes down to personal preferences or the requirement that a language be used 
because it has already been used in the organization for existing applications. 

In the rest of this article I will look at features that are common to three of the languages, and I will also present 
some features that are unique to each of them. Why, you might ask, did I choose Perl, Python, and Ruby? The 
simplest answer is that I've actually written some code in each of these languages. I wrote quite a bit of Perl in the 
1990s and have written a good bit of Ruby in recent years. I've chosen Python to complement these two because it, 
like Perl, has been around for a while and has some of the features that I think made Perl so popular and which we 
now see in Ruby. 

My treatment of these three languages is not meant to be very exhaustive; I simply hope to give you the flavor of 
each of them. Hopefully, this will whet your appetite to learn more about these languages and how they can help you 
solve problems with less effort. 

Let's begin the tour.

Every language has a purpose

One thing we learn in language design courses is that every language should be designed for a purpose. While I've 
seen some people create a new language "just for the fun of it," most language designers create them for a reason.

There are three common reasons language designers give for creating new languages.

The first reason is that an existing languages does not solve a certain type of problem. We continually face new 
challenges due to technology changes and advances in fundamental computing methods and paradigms. Languages 
need to evolve in order to accommodate the changes effectively. When something new comes along that is not 
supported by existing languages, programmers will seek out new ways to solve problems with the new technologies 
and methods, often resorting to developing a new language. A good example of this is the creation of Smalltalk, which 
was designed to support the object-oriented paradigm as well as provide a rich set of capabilities for building 
graphical applications on bit-mapped displays.

The second reason commonly given for developing a new language is that existing languages have become stale and 
bloated. Programmers often talk about "code smells." That is, code, like rotting fish, begins to smell over time. We 
use refactoring techniques, design patterns, and other computational methods to remove the smelly code segments 
from our applications. Languages suffer similar maladies. Languages evolve over time, as new features get added to 
address some new technology or paradigm. When new features don't quite "fit" with the rest of the language, it 
begins to smell. At some point a bright programmer decides it's time to replace the language with a new one. (Perl, 
while it did not replace any single language that was becoming stale, combined features of several little languages like 
sed, awk, and shell scripts, along with a lot of C-style expressions.)

The third reason for developing a new language is the least convincing: People do it because they can, and their 
language mirrors their unique view of the world and how we should write programs. While this is an intellectually 
worthwhile goal, it does not usually add to the body of useful languages. Most languages that fall into this category 
never see the light of day. However, the genesis of Ruby, which I'll discuss further in this article, is partly explained 
by this reason.

What are the purposes of the three languages we're considering? 4 Well, Perl is the oldest of the three and has been 
around since 1987. Larry Wall, the creator of Perl, was a programmer at Unisys. He had been using languages like the 
Unix programs sed, awk, and sh, along with programs written in C, to perform a variety of tasks. He became 
frustrated at switching from one language to another and decided to create a language that would do what these 
languages did, and more. His philosophy was that this new language should make it easy to do simple things while 
allowing the programmer to use the language that is most effective in solving hard problems. Many of the tasks Perl 
was first used for included text processing and system administration tasks.

Perl developed into the language of choice for writing CGI scripts for Web applications and had a large following 
among programmers who work with network applications and databases. The latest version of Perl supports objects, 
closures, and many other advanced language concepts. This evolution has resulted in a very large language that does 
not, in my opinion, hold together cleanly as a single programming system. (Of course, I expect Perl devotees will 
disagree with this.) 

Python came out a couple of years after Perl. Its creator, Guido van Rossum, wanted a language that, like Perl, would 
make it easy to do easy tasks yet also support hard tasks. However, van Rossum wanted his language to emphasize 
readability over speed and expressiveness and be object-oriented. Python is not any slower than many other dynamic 
languages, but van Rossum wanted readability and understandability to be a primary attribute of a Python program. 
One of Python's features that enforces readability is the requirement that code be indented consistently. For example, 
the following two examples in Figure 1 are different:

if x == y :                  if x == y :
  print 'hello'                print 'hello'
  print 'world'              print 'world'
 

Figure 1: Two examples of Python code 

In Figure 1, if x is equal to y, then both of the examples print out two lines with "hello" on the first line and "world" on 
the second. If x is not equal to y, then the first example prints nothing while the second prints a single line with 
"world" on it. This "feature" seems to invite errors in my opinion, which is one of the main reasons why I have not 
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done much programming in Python.

Python has evolved and become the language of choice for many developers working on network, multi-media, 
database, and system programming applications. Python is also a good language to provide glue between 
components. Like Perl, Python interfaces with other languages, such as C. Van Rossum now works at Google where he 
is continuing to work on Python to enhance its use in the world of applications that interest Google.

Ruby is the latecomer to our trio. It was developed by Yukihiro "Matz" Matsumoto, who began working on the 
language in 1993 and released it in 1995. Ruby began life, in some sense, for the third purpose I stated above -- that 
is, Matsumoto had always wanted to design a language. He was competent in Perl and Python, but he wanted a 
language that, in his opinion, was "more powerful than Perl and more object-oriented than Python." He also stated 
that he wanted Ruby to be a language that makes programming easy and fun. Others say that Ruby does what you 
expect it to do. You can usually guess the proper syntax for the command you want. This is called the Principle of 
Least Surprise. 

Ruby is a pure object-oriented language. By that I mean that everything in Ruby is an object. After more than twenty 
years, I now understand why the Smalltalk programming community was so enthusiastic about Smalltalk. I was never 
able to really understand Smalltalk, mostly because of its very cryptic (to my mind) syntax. Ruby, however, is like 
Smalltalk for mere mortals. Now, I "get" it, and it is fun.

For many people, Ruby has replaced Perl and Python as a language for writing quick scripts. But Ruby has been used 
more recently to implement complete applications and, along with the Rails Web application framework, it is being 
adopted by many organizations as the language of choice for their Web-based applications. 6 

Some common features

All languages must have some capability to control the flow of computation and represent data. All three of our 
languages have similar capabilities. They support numbers of different types (integers and floating point), characters, 
strings, and so on. They also have some built-in data structures like arrays, hashes, and some sort of support for 
record-like structures.

Many programmers who are familiar with languages like C may not know about hashes, which are also called 
dictionaries or associative arrays. Hashes are structures that are like arrays, but the values in the hash are accessed 
by key rather than numeric position. So, if you have a hash called grades that contains the final grades for all students 
in your class, you can set the grade for J. Doe to an A with a statement like:

grades['J. Doe'] = 'A'
 

Hashes are incredibly useful for accessing data that does not have an obvious ordering. Java programmers are 
familiar with hashes if they have used any of the Map classes.

Our three languages also share support for regular expressions and pattern matching. Many systems administration 
tasks involve manipulating text in system files, log files, configuration files, and so on. Much of this information is 
formatted in such a way that a program can use regular expressions to find information in it. For example, if you 
wanted to determine if a string, str, contains the substring "IBM" followed by the string "Rational," but not necessarily 
immediately after it, you could create a small Perl program as follows:

$str = 'This is a sentence containing IBM and Rational in it.';
if ($str =~ /IBM.*Rational/) {
    print "True"
} else {
    print "False"
} 
 

Here the characters between the slashes form a simple pattern. The only special characters in the pattern are the '.*' 
which indicates a sequence of zero or more characters of any type. The program above prints "True." Regular 
expressions should be familiar to most programmers who have ever used a Unix-like system. They can be quite 
cryptic, but are worth learning because of the inherent power they give you for text processing.

Share this... 

 
 Digg this story 

 
 Post to del.icio.us 

 
 Slashdot it! 

 

Each language under consideration provides support for various types of input and 
output. Each also has some ability to format data so neat reports can be produced. 
In fact, when Perl was first released, people thought "Perl" stood for Practical 
Extraction and Report Language. In fact, the name "Perl" really has no special 
meaning. It's not an acronym. Wall was originally going to name his language Pearl, 
based upon the parable of the Pearl of Great Price from the Gospel of Matthew, but 
he discovered another language was called PEARL and decided to name his language 
Perl.

Valuing differences

While there are many more common features I could describe in these three languages, I'd like to spend the rest of 
my time here talking about some of the differences that make each language unique. I believe that some of these 
differences yield strengths in a given language, other differences spell weakness. And yes, some of my reactions are 
purely subjective, but others are based on a bit more thoughtful reasoning.

Code readability has always been a sore point for me. Like Guido van Rossum, I value the ability to read and 
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understand code over trying to get the last little bit of performance out of my programs at the expense of clarity. 
Sure, there are some cases where you simply have to make the program as optimal as possible, but I do that only 
after confirming the necessity. 

All of the languages we're considering can be written in a readable way. However, just because they can be written 
that way doesn't mean that they are in practice. I mentioned earlier the need to indent Python code. Since I always 
indent my code, I don't have a problem with this. I do, however, have a problem with the potential for errors like the 
one I pointed out in Figure 1. Each of the languages has more than one integrated development environment (IDE) 
that supports writing programs in it. The Eclipse platform has plug-ins that support each of them. When you have an 
IDE or a syntax-sensitive editor, issues like indentation are usually taken care of for you.

As far as readability, Python wins first place, and Perl is the loser, in my opinion. I often classify Perl as a "write-only" 
language. Perl programmers have adopted a culture where developing the most compact, terse code is valued highly. 
Usually, this is done at the expense of readability. Adding to the problem is the use of special variables in Perl. Once 
you become used to the Perl idioms, many of the special variables are known to you, but for someone learning Perl, 
trying to read a Perl program is like trying to decipher hieroglyphics. Perl is a language that gives technical folks great 
glee in showing how they're able to do really neat things with very cool, non-obvious code. The script in Figure 2 
shows how cryptic a fairly small piece of Perl code can be. 7 

1 #!/usr/local/bin/perl
2 $op = shift;
3 for (@ARGV) {
4     $was = $_;
5     eval $op;
6     die $@ if $@;
7     rename($was,$_) unless $was eq $_;
8 }
 

Figure 2: Eight lines of Perl code 

Ok, let's look at Figure 2 and consider some of the things that might not be obvious to non-Perl programmers. Line 2 
shifts the first word off of the arguments to the script and places it in the scalar variable op. We know that the value is 
being shifted off of the argument list because no argument is given to the shift function. When this happens at the 
outermost level of a script, it automatically assumes that the argument list is the parameter. We also know that op is 
a scalar variable because it is prefixed with the $. If it were prefixed with a @, it would be an array, and if it had a % 
as a prefix, it would be a hash.

Lines 3 through 8 are a loop. This loop iterates over the array, ARGV, which is the remaining set of arguments passed 
to the script on the command line. Line 4 sets the variable was to the value of the next item in the argument list. The 
$_ is another special variable that has different meanings in different contexts.

Lines 5 and 6 are perhaps the most confusing. Line 5 uses the eval statement, which is one of the most powerful 
features of dynamic languages. It allows you to execute text that you read in or create as if it were part of your 
program. What is being executed? It's the first argument that we moved to op. If you didn't understand the purpose 
of the script, you would have trouble understanding what's happening. This line indicates that the first argument 
should be some Perl expression that can be applied to a value -- the argument we shifted off to was (which is also still 
in $_). The expectation is that the expression is some sort of regular expression substitution, like s/txt/pl/, which 
substitutes the occurrence of "txt" with "pl" in the operand. When you evaluate this against the operand, it will make 
the change in place in the operand.

If there is an error in the evaluation, line 6 will print out the error message (stored in the special variable, $@) and 
cause the script to exit.

This is a very powerful script in only a few lines of code. Similarly, on a Linux system you could enter the following 
command line (assuming the name of your script is rename.pl and is executable) to change the year part of the 
names of a set of files:

rename.pl s/2006/2007/ HW1-2006.txt HW2-2006.txt HW3-2006.txt
 

Using some of the common regular expressions with other Linux commands you can redirect their output to be the list 
of file names. 

I've spend a lot of time with Perl here. I wanted to illustrate both the power it has as well as the difficulty you might 
have reading it. And I don't want you to think that I completely shun Perl. I wrote all of the code for my M.S. thesis in 
Perl. It was a great language for manipulating text and generating source code in other languages, like C and C++. I 
might still choose Perl today for that purpose, although I think I'm more comfortable with Ruby now.

Python has most of the features of Perl, but adds many more advanced features that are sure to make programmers 
who want object-orientation happy; introspection (like reflection in Java), where you can write programs to 
manipulate programs; lambda (anonymous) functions; and so on. If you are a language maven who likes to use all of 
the different programming paradigms, Python is a good choice. It is also supported by many modules and libraries 
that provide the ability to work with advanced technologies like different audio file formats, video files, and many 
others. Python has several extensions, like Pyro, which is a development platform for robotics exploration. 8 

Figure 3 shows a program written in Python that is similar to the Perl program above. It renames files in a directory, 
according to some regular expression match. 9 
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1 #!/usr/local/bin/python
 2
 3 # Python Rename File 1.0 
 4 # Author: Douglas Palovick
 5 # License: GPL http://www.gnu.org/licenses/gpl.txt
 6
 7 import re, os
 8 rxin = raw_input('enter a regex to search for:\n')
 9 foo = re.compile(rxin)
10 newname = raw_input('enter a new base name:\n')
11 a = 0
12 for fname in os.listdir(os.getcwd()):
13     allowed_name = re.compile(rxin).match
14     if allowed_name(fname):
15         # newfname = string.lower(re.sub(foo,
16                                    # '', fname))
17         # b = (newname + str(a))
18         a += 1
19         c = os.path.splitext(fname)
20         b = (newname + str(a) + c[1])
21         os.rename(fname, b)
 

Figure 3: A program written in Python 

This program is not as terse as the Perl version and does not have the special variables and assumptions. There are 
some parts I want to point out. Notice line 9. This uses the regular expression module (re) to create a compiled 
regular expression from the regular expression the user enters in line 8. Java programmers will see the similarity to 
the Java Matcher class. I'll leave it to the reader to examine the rest of the code.

 
 Back to top 

 

Conclusion

Neither of the above examples truly shows off the true power of either Perl or Python, nor was that my intent in a 
short article. But I hope these examples and comparisons whet your appetite to find out more. I'm going to leave off 
exploring Ruby until next month when we look at it and the Rails framework.

Before leaving this month's column, I want to point out that there is an archived zip file accompanying this article. It 
contains four files. One is a PDF file that describes a problem that I gave to three of my current and former students. 
Each of them has experience in at least one of the languages. I asked them to write a program to solve the problem 
using one of the dynamic languages that I specified. The three files that accompany the specification are their 
solutions. Take a look at them and think about which you prefer.
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Notes
1 In 1994 I attended the USENIX Symposium on Very High Level Languages where many of the papers presented 
discussed dynamic languages.

2 http://www.tiobe.com/. The Web pages provide information about how the index is calculated and details about 
their rating system.

3 I'm using software community very broadly here to include anyone who wants to try their hand at writing a program.

4 You can find links to a lot of information about these and other dynamic languages on the Wikipedia's dynamic 
language page: http://en.wikipedia.org/wiki/Dynamic_language. 

5 Foreword to the first edition of Programming Ruby, reprinted in the second edition, Pragmatic Programmers, 2004, 
ISBN0974514055.

6 Next month we'll discuss Ruby on Rails in more detail.

7 This script, called rename, can be found at http://user.it.uu.se/~matkin/programming/PERL/. The Web page says 
that it was written by Larry Wall, Perl's creator.

8 See http://pyrorobotics.org/ for information on Pyro.

http://www.ibm.com/developerworks/rational/library/jun07/pollice/index.html (5 of 6) [6/11/2007 2:59:37 PM]

http://download.boulder.ibm.com/ibmdl/pub/software/dw/rationaledge/jun07/pollice_june07.zip
http://www.tiobe.com/
http://en.wikipedia.org/wiki/Dynamic_language
http://user.it.uu.se/~matkin/programming/PERL/
http://pyrorobotics.org/


Dynamically speaking

9 This program can be found at http://www.palovick.com/code/python/python-rename-files.php. 
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