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Learning to Program

by Alan Gauld

Stop Press!

My book is finally available! The book significantly improves the explanations, has extra

examples and several completely new chapters. These include a brand new case study for an OO

games framework. I hope that anyone who has found this web site useful will find the book equally

so.

The publishers web page has the latest details. You can order it on

Amazon here. Most of the other online bookshops have it in stock now

too.

Thanks for all the support and messages of appreciation that I've received and keep sending me

questions and issues as they arise. This site will still be maintained and improved even after the

book comes out and I now have a web site set up listing errata and providing opportunities to

send feedback and questions. Please pay a visit, especially if you've bought the book!

Spanish Edition now available!

Follow the link at the bottom of the content page or go here for a Spanish version of the tutor

translated by Martin Pozzi. It's now complete and I think Martin deserves a vote of thanks for his

efforts in putting this together.

Coming Soon

Volunteers are working on Portuguese and German versions which are now available in part. That

is to say the Concepts and Basics sections are complete and the advanced topics and case studies

are coming soon. I hope you enjoy them. Italian and Czekh/Slovak versions may also be in the

works. If anyone else wants to do a translation feel free to drop me an email.

If you want to contact me use the links on the page or if that fails try the following alternate

address:

alan.gauld@btinternet.com

Introduction - What, Why, Who etc.

Why am I writing this?

The reason I am creating this tutorial is that there seems to be very little for the absolute beginner to

programming on the Web. Yet the Internet and the Web encourage interest in computers and that

interest naturally leads to a desire to "take control", which means learning to program!

Learning to program
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Why me? Well I am a professional programmer who came to programming from an electronic

engineering background. I have used (and continue to use) several computer languages and don't

have any personal interest in promoting any particular tool or language. Oh, and nobody else seemed

to be doing it!

What will I cover

As much as I can. I will cover the basic theory of computer programming - what it is, some of its

history and the basic techniques needed to solve problems. I will not be teaching esoteric techniques

or the details of any particular programming language, in fact I'll be using several different

languages, since I believe its important to realize that different languages do different things well.

That said, the majority of the course will be in the language called Python.

Who should read it?

Put another way: what do I expect the reader to know already?

I expect the reader of this tutorial to be an experienced user of a computer system, probably MS

DOS, Windows or Unix although others should be able to cope too. I also expect them to understand

basic mathematical concepts such as geometric coordinates, sets, and basic algebra. These are all

important in todays programming environments, and many programming concepts are based on these

ideas.

I certainly will not be covering issues like how to create or copy text files, how to install software, or

the organization of files on a computer storage system. Frankly if you need to know those things you

probably are not at the stage of being able to program, regardless of your desire to do so. Find a

tutorial for your computer first, then when you're confident with the above concepts revisit.

Why Python?

Python happens to be a nice language to learn. Its syntax is simple and it has some very powerful

features built into the language. It supports lots of programming styles from the very simple through

to state of the art Object Oriented techniques. It runs on lots of platforms - Unix/Linux, MS

Windows, Macintosh etc. It also has a very friendly and helpful user community. All of these are

important features for a beginner's language.

Python however is not just a beginner's language. As your experience grows you can keep on using

Python either as an end in itself or as a rapid prototyping language. There are a few things that

Python is not well suited to, but these are comparatively few and far between.

I will also use BASIC for some of the very early examples then introduce Tcl as an alternative. Why?

Well, if we accept that most Web surfers who are also beginners are using PCs with Microsoft

Windows installed, there is a version of BASIC(QBASIC) already available on the CD ROM (either

NT or Win 95/98). Tcl comes with the current version of Python (you effectively get two languages

for the price of one - which in this case is nothing!)

Other resources

There are other Web sites trying to do this in other languages. There are also lots of tutorials for

those who already know how to program but want to learn a new language. This section contains

links to some of those that I think are worthwhile!

Learning to program
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The official Python language website with online documentation, latest downloads etc.

The official Perl web site - Perl is a natural competitor to Python in capability but is, I think,

harder to learn.

The Tcl site. Tcl is the Tool Control Language and has some interesting features. It has also

been responsible for two of the most important innovations in automation for computers:

expect and Tk.

Java and Javascript. are the 2 most common languages for the Web and have superficial

similarities. (Actually Perl is used heavily on the Web too, but only at the server end)

There is another good 'get you started' Python specific tutorial by Josh Cogliari plus a very

short and fast taster on the Python web site under Documentation|Introductions. They both

feature teaching by example with only brief descriptions of the concepts. If you only want to

get up and running in Python then they might be worth a visit and come back here when you

want a deeper insight to programming in general.

If you don't much likemy style a web site with similar aims is the How to think like a

Computer Scientist produced by Jeff Elkner who uses Python in his high School classes. It

seems a little bit less comprehensive than mine, but maybe I'm just biased :-)

Next  Contents

If you have any ideas on how to improve this tutorial

please feel free to contact me

What is programming?
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What do I need?

What will we cover?

The character and mindset of a programmer, the programming environments used in the tutor.

Generally

In principle you don't need anything to do this course other than an internet enabled computer -which

I assume you have if you are reading this in the first place! The other thing that is useful is the

right mind set to program. What I mean by that is an innate curiosity about things, coupled to a

logical way of thinking. These are both essential requirements for a successful programmer.

The curiosity factor comes into play in looking for answers to problems and being willing to dig

around in sometimes obscure documents for ideas and information needed to complete a task.

The logical thinking comes into play because computers are intrinsically stupid. They can't really do

anything except add single digits together and move bytes from one place to another. Luckily for us

some talented programmers have written lots of programs to hide this basic stupidity. But of course

as a programmer you may well get into a new situation where you have to face that stupidity in its

raw state. At that point you have to think for the computer. You have to figure out exactly what needs

to be done to your data and when.

So much for the philosophy! However if you want to get the best from the tutorial you will want to

follow along, either typing in the examples by hand or cutting and pasting from the Web page into

your text editor. Then you can run the programs and see the results. To do that you will need to have

Python installed on your system (and maybe Tcl and QBASIC if you want to try the comparisons)

Python

Python version 1.5.2 is the latest release at the time of writing and comes with Tcl/Tk version 8.0

thrown in for free. This is because Python's GUI programming system(Tkinter) is built on top of

Tcl/Tk. For our purposes this is 'a good thing'(TM) but it does mean the Python download is very big

(about 5Mb for the Windows binary version. For Linux/Unix you can get source and have to build it


	see your sys admin!! It comes prebuilt in most Linux distributions these days.)



The master site for Python is:

http://www.python.org/

Tcl/Tk

As just mentioned the Python 1.5.2 distribution for Windows comes with Tcl/Tk so that's no

problem. If you have an older Python or are on a platform where it's not included then you can get

Tcl/Tk from Scriptics:

http://www.scriptics.com

QBASICWhat is programming?

http://www.crosswinds.net/~agauld/tutneeds.htm Page 8 of 84

02/03/2001

To be honest I won't be using QBASIC very much and what I do use will apply to just about any

BASIC variant around. Its possible to get BASIC almost any platform, but QBASIC is the one I will

be using. It comes on the Windows 95 and Windows NT4 CD Rom and I think it's on Windows 98

too.

On my CD it was located at:

D:\other\oldmsdos\qbasic.*

where D: is the CD Drive.

If you can't find it there, use the File Explorer to search for it and simply copy it into a directory on

your PATH. It is a standard executable file running in a DOS box. It responds to mouse commands

within its menu driven environment so you should find it easy to use. There is a help facility too.

The examples that we use should just paste straight into the editor pane and run from the menu.

And that's it. Bring your brain, a sense of humor and start programming....

Points to remember

You need logical thinking and curiosity to program

Python, Tcl and QBASIC (on Windows only) are all freely available

Previous  Next  Contents

If you have any questions or feedback on this page send me mail at: alan_gauld@xoommail.com
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What is Programming?

What will we cover?

An introduction to the terminology of computing plus some history and a brief look at the structure

of a computer program.

Back to BASICs

Computer Programming is the art of making a computer do what you want it to do.

At the very simplest level it consists of issuing a sequence of commands to a computer to achieve an

objective. In the Microsoft world MS DOS users used to create text files with lists of commands

called BAT files. These simply executed the sequence of commands as a BATCH, hence the name.

You can still produce these in Windows environments today but in practice they are rarely seen.

For example you might be producing a document (such as this tutorial) which comprises lots of

separate files. Your world processor may produce backup copies of each file as it saves a new

version. At the end of the day you may want to put the current version of the document (all the latest

files) into a 'backup' directory/folder. Finally, to tidy up, delete all the backup files ready to start work

the next day. A simple BAT file to do this would be:

COPY *.HTM BACKUP

DEL *.BAK

If the file were called SAVE.BAT then at the end of each day I could simply type SAVE at a DOS

prompt and the files would be saved and backups deleted. This is a program.

Note: Users of Linux or other operating systems have their own versions of these files often known

as shell scripts. Unix shell scripts are much more powerful than DOS BAT files, and support most of

the programming techniques that we will be discussing in this course.

Let me say that again

If you were a little daunted by that, please don't be. A computer program is simply a set of

instructions to tell a computer how to perform a particular task. It's rather like a recipe: a set of

instructions to tell a cook how to make a particular dish. It describes the ingredients (the data) and

the sequence of steps (the process) needed to convert the ingredients into the cake or whatever.

Programs are very similar in concept.

A little history

Just as you speak to a friend in a language so you 'speak' to the computer in a language. The only

language that the computer understands is called binary and there are several different dialects of it -which

is why that cool iMac program won't run on your PC and vice versa. Binary is unfortunately

very difficult for humans to read or write so we have to use an intermediate language and get it

translated into binary for us. This is rather like watching Clinton and Yeltsin talking at a summit

meeting - Clinton speaks, then an interpreter repeats what has been said in Russian. Yeltsin replies

and the interpreter again repeats the sentence, this time in English.

What is programming?
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Surprisingly enough the thing that translates our intermediate language into binary is also called an

interpreter. And just as you usually need a different interpreter to translate English into Russian than

you do to translate Arabic into Russian so you need a different computer interpreter to translate

Python into binary from the one that translates BASIC into binary.

The very first programmers actually had to enter the binary codes themselves, this is known as

machine code programming and is incredibly difficult. The next stage was to create a translator that

simply converted English equivalents of the binary codes into binary so that instead of having to

remember that the code 001273 05 04 meant add 5 to 4 programmers could now write ADD 5 4.

This very simple improvement made life much simpler and these systems of codes were really the

first programming languages, one for each type of computer. They were known as

assembler languages and Assembler programming is still used for a few specialised programming

tasks today.

Even this was very primitive and still told the computer what to do at the hardware level - move

bytes from this memory location to that memory location, add this byte to that byte etc. It was still

very difficult and took a lot of programming effort to achieve even simple tasks.

Gradually computer scientists developed higher level computer languages to make the job easier.

This was just as well because at the same time users were inventing ever more complex jobs for

computers to solve! This competition between the computer scientists and the users is still going on

and new languages keep on appearing. This makes programming interesting but also makes it

important that as a programmer you understand the concepts of programming as well as the

pragmatics of doing it in one particular language.

I'll discuss some of those common concepts next, but we will keep coming back to them as we go

through the course.

The common features of all programs

A long time ago a man called Edsgar Dijkstra came up with a concept called structured

programming. This said that all programs could be structured in the following four ways:

Sequences of instructions

Loops

Branches

Modules

Along with these structures programs also need a few more features to make them useful:

Data

Operations (add, subtract, compare etc)

Input/Output capability (eg to display results)

Once you understand those concepts and how a particular programming language implements them

then you can write a program in that language.

Let's clear up some terminology

We already said that programming was the art of making a computer do what you want, but what is a

program?What is programming?
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In fact there are two distinct concepts of a program. The first is the one perceived by the user - an

executable file that is installed and can be run repeatedly to perform a task. For example users speak

of running their Word processor program. The other concept is the program as seen by the

programmer, this is the text file of instructions to the computer, written in some programming

language, that can be translated into an executable file. So when you talk about a program always be

clear about which concept you mean.

Basically a programmer writes a program in a high level language which is interpreted into the bytes

that the computer understands. In technical speak the programmer generates source code and the

interpreter generates object code. Sometimes object code has other names like: P-Code, binary

code or machine code.

The interpreter has a couple of names, one being the interpreter and the other being the compiler.

These terms actually refer to two different techniques of generating object code from source code. It

used to be the case that compilers produced object code that could be run on its own (an executable

file - another term) whereas an interpreter had to be present to run its program as it went along. The

difference between these terms is now blurring however since some compilers now require

interpreters to be present to do a final conversion and some interpreters simply compile their source

code into temporary object code and then execute it.

From our perspective it makes no real difference, we write source code and use a tool to allow the

computer to read and execute it.

The structure of a program

The exact structure of a program depends on the programming language and the environment that

you run it on. However there are some general principles:

A loader - every program needs to be loaded into memory by the operating system. The

loader does this and is usually created by the interpreter for you.

Data definitions - most programs operate on data and somewhere in the source code we need

to define exactly what type of data we will be working with. Different languages do this very

differently. All of the languages we will use allow us to create a new data definition just by

using the data, we'll see what I mean in the next section!

Statements - these are the core of your program. The statements actually manipulate the data

we define and do the calculations, print the output etc.

Most programs follow one of two structures:

Batch programs

These are typically started from a command line (or automatically via a scheduler utility) and tend to

follow a pattern of:

Initialize internal data

Read input data

Process that data

Print or store results

Event driven programs

What is programming?
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Most GUI systems (and embedded control systems - like your Microwave, camera etc) are event

driven. That is the operating system sends events to the program and the program responds to these

as they arrive. Events can include things a user does - like clicking the mouse or pressing a key - or

things that the system itself does like updating the clock or refreshing the screen.

Event driven programs generally look like:

Initialize the internal data

Wait for events to arrive

Identify an incoming event and react accordingly

Points to remember

Programs control the computer

Programming languages allow us to 'speak' to the computer at a level that is closer to how

humans think than how computers 'think'

Programs operate on data

Programs can be either Batch oriented or Event driven

Previous  Next  Contents

If you have any questions or feedback on this page send me mail at: alan_gauld@xoommail.com

Getting Started

http://www.crosswinds.net/~agauld/tutstart.htm Page 13 of 84

02/03/2001

Getting Started

What will we cover?

How to start Python and what an error message looks like - just in case...

For the next set of exercises I will assume you have a properly installed version of Python on your

computer. If not, go fetch the latest version from the Python web site and follow the install

instructions for your platform.

Now from a command prompt type python and the Python prompt should appear looking something

like this:

Python 1.5.2 (#0, Apr 13 1999, 10:51:12) [MSC 32 bit (Intel)] on win32

Copyright 1991-1995 Stichting Mathematisch Centrum, Amsterdam









A word about error messages

If you type in the commands as we go through them then sooner or later you will get an error

message. It will look something like this:




print 'fred' + 7







Traceback (innermost last):

File "", line 1, in ?

TypeError: illegal argument type for built-in operation

Don't worry about the exact meaning here just look at the structure.

The '>>> print ...' line is the erroneous command

The next 2 lines are describing where the error occurred


	'line 1 in ?' means line 1 in the command we are typing. If it were a longer program stored in a



source file the question mark would be replaced by the file name.

The 'TypeError...' line tells you what the interpreter thinks is wrong and sometimes there will be a

caret character(^) pointing to the part of the line that Python thinks is at fault.

Unfortunately this will often be wrong - remember computers are dumb!

Use the error information to figure out what's happening. Remember it's most likely to be you at fault

not the computer. Remember too that computers are dumb. Probably you just mistyped something or

forgot a quote sign or something similar. Check carefully.

In case you are wondering, the mistake I made was trying to add a number to a character string.

You're not allowed to do that so Python objected and told me there was a TypeError. You'll need to

wait till we get to the bit about 'Data' to understand what types are all about....

Now we are ready to start creating some very simple Python programs.

Points to remember

Getting Started
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Start python by typing python at a command prompt

Error messages are nothing to be scared of, read them carefully, they usually give a clue as

to why you got them.

But it's only a clue... if in doubt check the lines immediately before the reported line.

Previous  Next  Contents

If you have any questions or feedback on this page send me mail at: alan_gauld@xoommail.com
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Simple Sequences

What will we cover?

Single commands, the use of Python as a calculator, using brackets to get the correct result and

using format strings to combine text and numbers. Finally we see how to quit Python from within a

program.

A simple sequence of instructions is the most basic program you can write. The simplest sequence is

one containing a single command. We will try out some of these now. The heading will describe

what you should type at the '>>>' Python prompt, the following paragraph will explain what happens.




print 'Hello there!'







The print command is the way to get Python to display its results to you. In this case it is printing the

sequence of characters H,e,l,l,o, ,t,h,e,r,e,!. Such a sequence of characters is known in programming

circles as a string of characters or a character string or just a plain string.

You signify a string by surrounding it in quotes. You can use either single quotes(as above) or double

quotes: "a string ". This allows you to include one type of quote within a string which is surrounded

by the other type - useful for apostrophes:




print "Monty Python's Flying Circus has a ' within it..."







It's not just strings that can be printed:




print 6 + 5







Here we have printed the result of an arithmetic operation - we added six and five. Python recognized

the numbers as such and the plus sign and did the sum for us. It then printed the result.

So straight away you have a use for Python: its a handy 'pocket calculator'! Try a few more sums. Use

some other arithmetic operators:

subtract (-)

multiply (*)

divide (/)

Combine multiple expressions like:




print ((8 * 4) + (7 - 3)) / (2 + 4)







Notice the way I used brackets to group the numbers together. What happens if you type the same

sequence without the brackets? This is because Python will evaluate the multiplication and division

before the addition and subtraction. This is usually what you would expect mathematically speaking

but it may not be what you expect as a programmer! All programming languages have rules to

determine the sequence of evaluation of operations and this is known as operator precedence. You

will need to look at the reference documentation for each language to see how it works. With Python

it's usually what logic and intuition would suggest, but occasionally it won't be...

Simple sequences
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As a general rule its safest to include the brackets to make sure you get what you want when dealing

with long series of sums like this.

One other thing to note:




print 5/2







results in a whole number (integer) result (i.e. 2). This is because Python sees that the numbers are

whole numbers and assumes you want to keep them that way. If you want decimal fractions as a

result simply write one number as a decimal:




print 5/2.0







2.5

Python sees the 2.0 and realizes that we are happy dealing with fractions (referred to as real numbers

or floating point in computing parlance), so it responds with a fractional result. If you want to keep

with whole numbers you can find the remainder by using the % sign like a division operator. Python

will print the remainder:




print 7/2







3




print 7%2







1




print 7%4







3

% is known as the modulus or mod operator and in other languages is often seen as MOD or similar.

Experiment and you will soon get the idea.




print 'The total is: ', 23+45







You've seen that we can print strings and numbers. Now we combine the two in one print statement,

separating them with a comma. We can extend this feature by combining it with a useful Python trick

for outputting data called a format string:




print "The sum of %d and %d is: %d" % (7,18,7+18)







In this command the format string contains '%' markers within it. The letter 'd' after the % tells

Python that a 'decimal number' should be placed there. The values to fill in the markers are obtained

from the values inside the bracketed expression following the % sign on its own.

There are other letters that can be placed after the % markers. Some of these include:

%s - for string

%x - for hexadecimal number

%0.2f - for a real number with a maximum of 2 decimal places

%04d - pad the number out to 4 digits with 0's

The Python documentation will give lots more...

Simple sequences
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In fact you can print any Python object with the print command. Sometimes the result will not be

what you hoped for (perhaps just a description of what kind of object it is) but you can always print

it.




import sys







Now this is a strange one. If you've tried it you'll see that it apparently does nothing. But that's not

really true. To understand what happened we need to look at the architecture of Python (for non

Python programmers, bear with me there will be a similar mechanism available to you too!)

When you start Python there are a bunch of commands available to you called built-ins, because they

are built in to the Python core. However Python can extend the list of commands available by

incorporating extension modules. - It's a bit like buying a new tool in your favourite DIY shop and

adding it to your toolbox. The tool is the sys part and the import operation puts it into the toolbox.

In fact what this command does is makes available a whole bunch of new 'tools' in the shape of

Python commands which are defined in a file called 'sys.py'. This is how Python is extended to do all

sorts of clever things that are not built in to the basic system. You can even create your own

modules and import and use them, just like the modules provided with Python when you installed it.

So how do we use these new tools?




sys.exit()







Whoops! What happened there? Simply that we executed the exit command defined in the

sys module. That command causes Python to exit. (Note: Normally you exit Python by typing the

End Of File(EOF) character at the >>> prompt - CTRL-Z on DOS or CTRL-D on Unix)

Notice that exit had 2 brackets after it. That's because exit is a function defined in sys and when we

call a Python function we need to supply the parentheses even if there's nothing inside them!

Try typing sys.exit without the brackets. Python responds by telling you that exit is a function rather

than by executing it!

One final thing to notice is that the last two commands are actually only useful in combination. That

is, to exit from Python other than by typing EOF you need to type:

import sys

sys.exit()

This is a sequence of two commands! Now we're getting closer to real programming....

Using Tcl

We can also type simple commands like this into Tcl too. The Tcl interpreter is started by typing

tclsh80 (assuming you have Tcl v8.0)at a DOS prompt. The command prompt is a '%' sign. Try the

following examples:

% put "Hello world"

Hello world

% put [expr 4 + 6]

10Simple sequences
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Note that in the last example the section in square brackets is evaluated first and the result passed to

the put command. Unlike Python you can't assume the put will attempt to interpret what you mean, it

expects a character string and it's up to you to ensure it gets one.

To exit from tclsh80 just type exit at the prompt

And BASIC too...

To start BASIC type QBASIC at the DOS prompt. In this case a whole programming environment

will start. Get rid of the welcome dialog etc and in the edit window you can type commands and then

run whatever is in the window using the Run menu. This has the advantage that the environment

allows you to edit the commands, and even does some checks on the text as you enter it.

Enter the following set of commands and then Run them:

PRINT "Hello world"

PRINT 4+6

You exit as usual via the File|Exit menu option.

That's our first look at programming, it wasn't too painful was it? Before we continue tho' we need to

take a look at the raw materials of programming, data and what we can do with it.

Points to remember

Even a single command is a program

Python does math almost the way you'd expect

To get a fractional result you must use a fractional number

You can combine text and numbers using the % format operator

Quit with import sys; sys.exit()

Previous  Next  Contents

If you have any questions or feedback on this page send me mail at: alan_gauld@xoommail.com
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The Raw Materials

What will we cover?

What Data is

What Variables are

Data Types and what to do with them

Defining our own data types

Introduction

In any creative activity we need three basic ingredients: tools, materials and techniques. For example

when I paint the tools are my brushes, pencils and palettes. The techniques are things like �washes�,

wet on wet, blending, spraying etc. Finally the materials are the paints, paper and water. Similarly

when I program, my tools are the programming languages, operating systems and hardware. The

techniques are the programming constructs that we discussed in the previous section and the material

is the data that I manipulate. In this chapter we look at the materials of programming.

This is quite a long section and by its nature you might find it a bit dry, the good news is that you

don�t need to read it all at once. The chapter starts off by looking at the most basic data types

available, then moves on to how we handle collections of items and finally looks at some more

advanced material. It should be possible to drop out of the chapter after the collections material,

cover a couple of the following chapters and then come back to this one as we start to use the more

advanced bits.

Data

Data is one of those terms that everyone uses but few really understand. My dictionary defines it as:

"facts or figures from which conclusions can be inferred; information"

That's not too much help but at least gives a starting point. Let�s see if we can clarify things by

looking at how data is used in programming terms. Data is the �stuff�, the raw information, that your

program manipulates. Without data a program cannot perform any useful function. Programs

manipulate data in many ways, often depending on the type of the data. Each data type also has a

number of operations - things that you can do to it. For example we�ve seen that we can add numbers

together. Addition is an operation on the number type of data. Data comes in many types and we�ll

look at each of the most common types and the operations available for that type:

Variables

Data is stored in the memory of your computer. You can liken this to the big wall full of boxes used

in mail rooms to sort the mail. You can put a letter in any box but unless the boxes are labelled with

the destination address it�s pretty meaningless. Variables are the labels on the boxes in your

computer's memory.

Knowing what data looks like is fine so far as it goes but to manipulate it we need to be able to

access it and that�s what variables are used for. In programming terms we can create instances of data

types and assign them to variables. A variable is a reference to a specific area somewhere in the

computers memory. These areas hold the data. In some computer languages a variable must match
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the type of data that it points to. Any attempt to assign the wrong type of data to such a variable will

cause an error. Some programmers prefer this type of system, known as static typing because it can

prevent some subtle bugs which are hard to detect.

In Python a variable takes the type of the data assigned to it. It will keep that type and you will be

warned if you try to mix data in strange ways - like trying to add a string to a number. (Recall the

example error message? It was an example of just that kind of error.) We can change the type of data

that a variable points to by reassigning the variable.




q = 7 # q is now a number

print q







7




q = "Seven" # reassign q to a string

print q







Seven

Note that q was set to point to the number 7 initially. It maintained that value until we made it point

at the character string "Seven". Thus, Python variables maintain the type of whatever they point to,

but we can change what they point to simply by reassigning the variable. At that point the original

data is 'lost' and Python will erase it from memory (unless another variable points at it too) this is

known as garbage collection.

Garbage collection can be likened to the mailroom clerk who comes round once in a while and

removes any packets that are in boxes with no labels. If he can't find an owner or address on the

packets he throws them in the garbage. Let�s take a look at some examples of data types and see how

all of this fits together.

Primitive Data Types

Primitive data types are so called because they are the most basic types of data we can manipulate.

More complex data types are really combinations of the primitive types. These are the building

blocks upon which all the other types are built, the very foundation of computing. They include

letters, numbers and something called a boolean type.

Character Strings

We've already seen these. They are literally any string or sequence of characters that can be printed

on your screen. (In fact there can even be non-printable control characters too).

In Python, strings can be represented in several ways:

With single quotes:

'Here is a string'

With double quotes:

"Here is a very similar string"

With triple double quotes:

""" Here is a very long string that can

if we wish span several lines and Python will
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preserve the lines as we type them..."""

One special use of the latter form is to build in documentation for Python functions that we create

ourselves - we'll see this later.

You can access the individual characters in a string by treating it as an array of characters (see arrays

below). There are also usually some operations provided by the programming language to help you

manipulate strings - find a sub string, join two strings, copy one to another etc.

String Operators

There are a number of operations that can be performed on strings. Some of these are built in to

Python but many others are provided by modules that you must import (as we did with sys in the

Simple Sequences section).

String operators

Operator Description

S1 + S2 Concatenation of S1 and S2

S1 * N N repetitions of S1

We can see these in action in the following examples:




print 'Again and ' + 'again' # string concatenation







Again and again




print 'Repeat ' * 3 # string repetition







Repeat Repeat Repeat




print 'Again ' + ('and again ' * 3) # combine '+' and '*'







Again and again and again and again

We can also assign character strings to variables:




s1 = 'Again '

s2 = 'and again '

print s1 + (s2 * 3)







Again and again and again and again

Notice that the last two examples produced the same output.

BASIC String Variables

In BASIC, if a variable is a string variable you must terminate the name with a $. Having done that

you cannot ever assign a number to it. Similarly, if it is an integer variable (ends in %) you cannot

assign a string to it. BASIC does allow 'anonymous variables' that don't end in anything. These can

only store numbers however, either real or integer numbers but only numbers. Here is an example of

a string variable in BASIC:

DIM MyString$

MyString$ = "Hello there!"

PRINT MyString$
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Tcl Strings

Tcl uses strings internally for everything. From the users point of view however this is not usually

obvious. When explicitly dealing with a string you surround it in double quotes. To assign a value to

a variable in Tcl use the set command and to read a string variable (or indeed any variable in Tcl) put

a '$' in front of the name, like so:

% set Mystring "Hello world"

% put $Mystring

Note: in both Tcl and BASIC only double quotes can be used for strings.

Integers

Integers are whole numbers from a large negative value through to a large positive value. That�s an

important point to remember. Normally we don�t think of numbers being restricted in size but on a

computer there are upper and lower limits. The size of this upper limit is known as MAXINT and

depends on the number of bits used on your computer to represent a number. On most current

computers it's 32 bits so MAXINT is around 2 billion.

Numbers with positive and negative values are known as signed integers. You can also get unsigned

integers which are restricted to positive numbers, including zero. This means there is a bigger

maximum number available of around 2 * MAXINT or 4 billion on a 32 bit computer since we can

use the space previously used for representing negative numbers to represent more positive numbers.

Because integers are restricted in size to MAXINT adding two integers together where the total is

greater than MAXINT causes the total to be wrong. On some systems/languages the wrong value is

just returned as is (usually with some kind of secret flag raised that you can test if you think it might

have ben set). Normally an error condition is raised and either your program can handle the error or

the program will exit. Python adopts this latter approach while Tcl adopts the former. BASIC throws

an error but provides no way to catch it (at least I don't know how!)

Arithmetic Operators

We've already seen most of the arithmetic operators that you need in the 'Simple Sequences' section,

however to recap:

Arithmetic and Bitwise Operators

Operator Example Description

M + N Addition of M and N

M - N Subtraction of N from M

M * N Multiplication of M and N

M / N Division, either integer or floating point result depending on the types of M

and N. If either M or N are real numbers(see below) the result will be real.

M % N Modulo: find the remainder of M divided by N

M**N Exponentiation: M to the power N
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We haven�t seen the last one before so let�s look at an example of creating some integer variables

and using the exponentiation operator:




i1 = 2 # create an integer and assign it to i1

i2 = 4

i3 = 2**4 # assign the result of 2 to the power 4 to i3

print i3







16

BASIC Integers

BASIC has somre extra rules around integers. To declare an integer variable in BASIC you can either

use a plain unadorned name or you can signal to BASIC that it is an integer we wish to store(this will

be slightly more efficient). We do this by ending the name with '%':

FOO = 8 REM FOO can hold any kind of number

BAR% = 9 REM BAR can only hold integers

One final gotcha with integer variables in BASIC:

i% = 7

PRINT 2 * i%

i% = 4.5

PRINT 2 * i%

Notice that the assignment of 4.5 to i% seemed to work but only the integer part was actually

assigned. This is reminiscent of the way Python dealt with division of integers. All programming

languages have their own little idiosyncracies like this!

Tcl Numbers

As mentioned earlier Tcl stores everuything internally as strings, however this doesn't really make

any diffeence to the user because Tcl converts the values into numbers and back again under the

covers, as it were. Thus all the restrictions on number sizes still apply.

Using numbers in Tcl is slightly more complex than in most languages since to do any calculations

you have to signal to the interpreter that a calculation is needed. You do that with the expr command:

% put [expr 6 + 5]

11

Tcl ses the square brackets and evaluates that part first, as if it had been typed at the command line.

In doing so it sees the expr command and does the calculation. The result is then put to the screen. If

you try to put the sum directly Tcl will just print out "6 + 5":

% put 6 + 5

6 + 5

Real Numbers
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These are fractions. They can represent very large numbers, much bigger than MAXINT, but with

less precision. That is to say that 2 real numbers which should be identical may not seem to be when

compared by the computer. This is because the computer only approximates some of the lowest

details. Thus 4.0 could be represented by the computer as 3.9999999.... or 4.000000....01. These

approximations are close enough for most purposes but occasionally they become important! If you

get a funny result when using real numbers, bear this in mind.

Floating point numbers have the same operations as integers with the addition of the capability to

truncate the number to an integer value.

Complex or Imaginary Numbers

If you have a scientific or mathematical background you may be wondering about complex numbers?

If you aren't you may not even have heard of complex numbers! Anyhow some programming

languages, includinh Python, provide builtin support for the complex type while others provide a

library of functions which can operate on complex numbers. And before you ask, the same applies to

matrices too.

In Python a complex number is represented as:

(real+imaginaryj)

Thus a simple complex number addition looks like:




M = (2+4j)

N = (7+6j)

print M + N







(9+10j)

All of the integer operations also apply to complex numbers.

Boolean Values - True and False

Like the heading says, this type has only 2 values - either true or false. Some languages support

boolean values directly, others use a convention whereby some numeric value (often 0) represents

false and another (often 1 or -1) represents true.

Boolean values are sometimes known as "truth values" because they are used to test whether

something is true or not. For example if you write a program to backup all the files in a directory you

might backup each file then ask the operating system for the name of the next file. If there are no

more files to save it will return an empty string. You can then test to see if the name is an empty

string and store the result as a boolean value (true if it is empty). You'll see how we would use that

result later on in the course.

Boolean (or Logical) Operators

Operator Example Description Effect

A and B AND True if A,B are both True, False otherwise.

A or B OR True if either or both of A,B are true. False if both A and B are

false
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A == B Equality True if A is equal to B

A != B

or

A <> B

Inequality True if A is NOT equal to B.

not B Negation True if B is not True

Note: the last one operates on a single value, the others all compare two values.

Collections

Computer science has built a whole discipline around studying collections and their various

behaviours. Sometimes collections are called containers. In this section we will look first of all at the

collections supported in Python then we�ll conclude with a brief summary of some other collection

types you might come across in other languages.

Python Collections

List

A list is a sequence of items. What makes it different from an array is that it can keep on growing -you

just add another item. But it's not usually indexed so you have to find the item you need by

stepping through the list from front to back checking each item to see if it's the item you want. Both

Python and Tcl have lists built into the language. In BASIC it's harder and we have to do some tricky

programming to simulate them. BASIC programmers usually just create very big arrays instead.

Python also allows you to index it's lists. As we will see this is a very useful feature.

List operations

Python provides many operations on collections. Nearly all of them apply to Lists and a subset apply

to other collection types, including strings which are just a special type of list of characters. To create

and access a list in Python we use square brackets. You can create an empty list by using a pair of

square brackets with nothing inside, or create a list with contents by separating the values with

commas inside the brackets:




aList = []

another = [1,2,3]

print another







[1, 2, 3]

We can access the individual elements using an index number, where the first element is 0, inside

square brackets:




print another[2]







3

We can also change the values of the elements of a list in a similar fashion:




another[2] = 7

print another







[1, 2, 7]
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You can use negative index numbers to access members from the end of the list. This is most

commonly done using -1 to get the last item:




print another[-1]







7

We can also add new elements to the end of a list using the append() operator:




aList.append(42)

print aList







[42]

We can even hold one list inside another, thus if we append our second list to the first:




aList.append(another)

print aList







[42, [1, 2, 7]]

Notice how the result is a list of two elements but the second element is itself a list (as shown by the

[]�s around it). This is useful since it allows us to build up representations of tables or grids using a

list of lists. We can then access the element 7 by using a double index:




print aList[1][2]







7

The first index, 1, extracts the second element which is in turn a list. The second index, 2, extracts

the third element of the sublist.

The opposite of adding elements is, of course, removing them and to do that we use the del

command:




del aList[1]

print aList







[42]

If we want to join two lists together to make one we can use the same concatenation operator �+� that

we saw for strings:




newList = aList + another

print newList







[42, [1, 2, 7], 1, 2, 7]

In the same way we can apply the repetition operator to populate a list with multiples of the same

value:




zeroList = [0] * 5

print zeroList







[0, 0, 0, 0, 0]

Finally, we can determine the length of a list using the built-in len() function:
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print len(aList)







2




print len(zeroList)







5

Tcl Lists

Tcl also has a built in list type and a variety of commands for operating on these lists. These

commands are identifiable by the 'l' prefix, for ex
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More Sequences and Other Things

What will we cover?

We introducec a new tool for entering Python programs. We look at the use of variables to store

information for future use. Also how to combine a sequence of commands to perform a task.

OK, Now we know how to type simple single entry commands into Python and have started to

consider data and what we can do with it. Let's see what happens when we type multiple commands

into Python.

The joy of being IDLE

But before we do, if you installed Python version 1.5.2 (it tells you when you start up) you should

find a tool called IDLE installed by default. This is basically a command prompt in a window. It has

several advantages over using the DOS version:

Easy cut n' paste

cursor up to previous lines to save retyping them

syntax coloring to show up missed quote signs etc

several more we'll discuss later.

If you are using MS Windows there is yet another option in the form of PythonWin which you can

download as part of the winall package. This gives access to all the Windows MFC low level

programming functions and importantly, a very good alternative to IDLE. It only works in Windows

but in my opinion is slightly superior to IDLE. On the other hand IDLE is very new and in

subsequent releases may overtake PythonWin. Whatever happens, it's nice to have a choice!

A quick comment

One of the most important of programming tools is one that beginners often feel is useless on first

acquaintance - comments. Comments are just lines in the program which describe what's going on.

They have no effect whatsoever on how the program operates, they are purely decorative. They do

have an important role to play - they tell the programmer what's going on and more importantly why.

This is especially important if the programmer reading the code isn't the one who wrote it, or, its a

long time since he/she wrote it. Once you've been programming for a while you'll really appreciate

good comments. From now on I'll be commenting the code fragments that I write. Gradually the

amount of explanatory text will diminish as the explanation appears in comments instead.

Every language has a way of indicating comments. In BASIC it's REM at the beginning of a

comment. Everything after the REM is ignored:

REM print "This never gets printed"

print "This gets printed"

You might recognise REM if you have ever written any MSDOS batch files, since they use the same

comment marker.

Most BASICs also allow you to use ' instead of REM which is easier to type but harder to see. The

choice is yours.
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Python and Tcl both use a # symbol as their comment marker. Anything following a # is ignored:

v = 12 # give v the value 12

x = v*v # x is v squared

Incidentally this is very bad commenting style. Your comment should not merely state what the code

does - we can see that for ourselves! It should explain why it's doing it:

v = 3600 # 3600 is num of secs in an hour

s = t*3600 # t holds elapsed time in hours, so convert to secs

These are much more helpful comments.

Sequences using variables

Now either in IDLE or at the DOS or Unix command window Python prompt try typing this:




v = 7

w = 18

x = v + w # use our variables in a calculation

print x







What's happening here is that we are creating variables ( v, w, x ) and manipulating them. Its rather

like using the M button on your pocket calculator to store a result for later use.

We can make this prettier by using a format string to print the result:




print "The sum of %d and %d is: %d" % (v,w,x)







One advantage of format strings is that we can store them in variables too:




s = "The sum of %d and %d is: %d"

print s % (v,w,x) # useful if printing same output with different values







Order matters

By now you might be thinking that this sequence construct is a bit over-rated and obvious. You

would be right in so far as its fairly obvious but its not quite as simple as it might seem. There can be

hidden traps. Consider the case where you want to 'promote' all the headings in an HTML document

up a level:

Now in HTML the headings are set by surrounding the text with


text


for level 1 headings,


text


for level 2 headings,

text


for level 3 headings and so on.

The problem is that by the time you get to level 5 headings the heading text is often smaller than the

body text, which looks odd. Thus you might decide to promote all headings up one level. Its fairly

easy to do that with a simple string substitution in a text editor, substitute '<H2' with '<H1' and '</H2'

with '</H1' and so on.
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Consider though what happens if you start with the highest numbers - say H4 -> H3, then do H3 ->

H2 and finally H2 -> H1. All of the headings will have moved to H1! Thus the order of the sequence

of actions is important. The same is just as true if we wrote a program to do the substitution (which

we might well want to do, since promoting headings may be a task we do regularly).

A Multiplication Table

I'm now going to introduce a programming exercise that we will develop over the next few chapters.

The solutions will gradually improve as we learn new techniques.

Recall that we can type long strings by enclosing them in triple quotes? Let's use that to construct a

multiplication table:




s = """







1 x 12 = %d

2 x 12 = %d

3 x 12 = %d

""" # be careful - you can't put comments inside
















strings, they'll become part of the string!

print s % (12, 212, 312)







By extending that we could print out the full 12 times table from 1 to 12. But is there a better way?

The answer is yes, let's see what it is.

Points to remember

IDLE is a cross platform development tool for writing Python programs.

Comments can make programs clearer to read but have no effect on the operation of the

program

Variables can store intermediate results for later use

Previous  Next  Contents

If you have any questions or feedback on this page send me mail at: alan_gauld@xoommail.com
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Looping - Or the art of repeating oneself!

What will we cover?

How to use loops to cut down on repetitive typing. Different types of loop and when to use them.

In the last exercise we printed out part of the 12 times table. But it took a lot of typing and if we

needed to extend it, it would be very time consuming. Fortunately there is a better way and its where

we start to see the real power that programming languages offer us.

FOR Loops

What we are going to do is get the programming language to do the repetition, substituting a variable

which increases in value each time it repeats. In Python it looks like this:




for i in range(1,13):







... print "%d x 12 = %d" % (i, i*12)

Note 1: We need the range(1,13) to specify 13 because range() generates from the first number up to,

but not including, the second number. This may seem somewhat bizarre at first but there are reasons

and you get used to it.

Note 2: The for operator in Python is actually a foreach operator in that it applies the subsequent

code sequence to each member of a collection. In this case the collection is the list of numbers

generated by range(). You can prove that by typing print range(1,13) at the python prompt and seeing

what gets printed.

Note 3: The print line is indented further than the for line above it. That is a very important point

since it's how Python knows that the print is the bit to repeat. It doesn't matter how much indentation

you use so long as it's consistent.

So how does the program work? Let's step through it.

First of all, python uses the range function to create a list of numbers from 1 to 12.

Next python makes i equal to the first value in the list, in this case 1. It then executes the bit of code

that is indented, using the value i = 1:

print "%d x 12 = %d" % (1, 1*12)

Python then goes back to the for line and sets i to the next value in the list, this time 2. It again

executes the indented code, this time with i = 2:

print "%d x 12 = %d" % (2, 2*12)

Looping the loop
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It keeps repeating this sequence until it has set i to all the values in the list. At that point it moves to

the next command that is not indented - in this case there aren't any more commands so the program

stops.

Here's the same loop in BASIC:

FOR I = 1 to 12

PRINT I, " x 12 = ", I*12

NEXT I

This is much more explicit and easier to see what is happening. However the Python version is more

flexible in that we can loop over a set of numbers, the items in a list or any other collection (e.g. a

string).

And in Tcl

Tcl uses a for construct that is common in many programming languages, being modelled on C. It

looks like this:

for {set i 1} {$i <= 12} {incr i} {

puts [format "%d x 12 = %d" $i [expr $i*12]]

}

Note: This construct has 3 parts:

an initialising part: {set i 1} executed just once, before anything else,

a test part: {$i <= 12} which is executed before each iteration and

an increment part: {incr i} which is executed after each iteration.

The loop body will only execute if the test part is true. Each of these parts can contain arbitrary code

but the test part must evaluate to a boolean value (which in Tcl means zero or non-zero). Note that

although I have shown the loop body indented, this is purely to aid understanding. Tcl does not

require me to indent the block, rather the curly braces are used to mark the beginning and end.

Tcl also has a foreach construct that can be applied to lists.

WHILE Loops

FOR loops are not the only type of looping construct available. Which is just as well since

FOR loops require us to know, or be able to calculate in advance, the number of iterations that we

want to perform. So what happens when we want to keep doing a specific task until something

happens but we don't know when that something will be? For example, we might want to read and

process data from a file, but we don't know in advance how many data items the file contains. We

just want to keep on p[rocessing data until we reach the end of the file. That's possible but difficult in

a FOR loop.
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To solve this problem we have another type of loop: the WHILE loop. It looks like this in BASIC:

J = 1

WHILE J <= 12

PRINT J, " x 12 = ", J*12

J = J + 1

WEND

This produces the same result as before but uses a while loop instead of a for loop. Notice the

structure is while, followed by an expression which evaluates to a Boolean value (true or false,

remember?). If the expression is true, the code inside the loop is executed.

As an alternative we'll look at the Tcl version:

set j 1

while {$j <= 12} {

puts [format "%d x 12 = %s" $j [expr $j*12]]

set j [expr $j + 1]

}

As you see the structure is pretty similar just some curly brackets or braces instead of the WEND in

BASIC. But what's that mess inside the loop? Remember format strings in Python? format is Tcl's

equivalent. The $j just means the value of j (rather than the letter 'j'!) and the expr just says

'calculate the next bit as an expression'. The square brackets tell Tcl which bits to do first. Tcl is an

unusual language in that it attempts to interpret its code in one go, so without the brackets it would

try to print the word 'expr' then see some more values and give up with an error message. We need to

tell it to do the sums, then format the string, then print the result. Confused? Don't worry about it. As

I said Tcl is an unusual language with a few uniquely good points and a lot of strangeness.

Now look at Python:




j = 1

while j <= 12:







... print "%d x 12 = %d" % (j, j*12)

... j = j + 1

Looping the loop
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By now that should look pretty straightforward. Just one thing to point out - do you see the colon (:)

at the end of the while and for lines above? That just tells Python that there's a chunk of code (a

block) coming up. Most languages have an end of block marker (like BASIC's WEND or Tcl's

braces) but Python uses indentation to indicate the structure. This means that its important to indent

all of the lines inside the loop by the same amount, this is good practice anyway since it's easier to

read!

More Flexible Loops

Coming back to our 12 times table at the beginning of this section. The loop we created is all very

well for printing out the 12 times table. But what about other values? Can you modify the loop to

make it do the 7 times table say? It should look like this:




for j in range(1,13):







... print "%d x 7 = %d" % (j,j*7)

Now this means we have to change the 12 to a 7 twice. And if we want another value we have to

change it again. Wouldn't it be better if we could enter the multiplier that we want?

We can do that by replacing the values in the print string with another variable. Then set that variable

before we run the loop:




multiplier = 12

for j in range(1,13):







... print "%d x %d = %d" % (j, multiplier, j*multiplier)

That's our old friend the 12 times table. But now to change to the seven times, we only need to

change the value of 'multiplier'.

Note that we have here combined sequencing and loops. We have first a single command, multiplier

= 12 followed, in sequence by a for loop.

Looping the loop

Let's take the previous example one stage further. Suppose we want to print out all of the times tables

from 2 to 12 (1 is too trivial to bother with). All we really need to do is set the multiplier variable as

part of a loop, like this:




for multiplier in range(2,13):







... for j in range(1,13):

... print "%d x %d = %d" % (j,multiplier,j*multiplier)
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Notice that the part indented inside the first for loop is exactly the same loop that we started out with.

It works as follows:

We set multiplier to the first value (2) then go round the second loop.

Then we set multiplier to the next value (3) and go round the inner loop again,

and so on. This technique is known as nesting loops.

One snag is that all the tables merge together, we could fix that by just printing out a separator line at

the end of the first loop, like this:




for multiplier in range(2,13):







... for j in range(1,13):

... print "%d x %d = %d" % (j,multiplier,j*multiplier)

... print "------------------- "

Note that the second print statement lines up with the second 'for', it is the second statement in the

loop sequence. Remember, the indenting level is very important in Python.

Experiment with getting the separator to indicate which table it follows, in effect to provide a

caption. Hint: You probably need to use the multiplier variable and a format string.

Other loops

Some languages provide more looping constructs but some kind of for and while are usually there.

(Modula 2 and Oberon only provide while loops since they can simulate for loops - as we saw

above.) Other loops you might see are:

do-while

Same as a while but the test is at the end so the loop always executes at least once.

repeat-until

Similar to above but the logic of the test is reversed.

GOTO, JUMP, LOOP etc

Mainly seen in older languages, these usually set a marker in the code and then explicitly jump

directly to it.

Points to remember

FOR loops repeat a set of commands for a fixed number of iterations.

WHILE loops repeat a set of commands until some terminating condition is met. They may

never execute the body of the loop idf the terminating condition is false to start with.

Other types of loops exist but FOR and WHILE are nearly always provided.

Python for loops are really foreach loops - they operate on a list of items.

Loops may be nested one inside another.
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Coding Style

What will we cover?

Several new uses for comments, how to layout code using indentation to improve readability and

an introduction to the use of modules for storing our programs.

Comments

I've already spoken about comments in the 'More Sequences' section. However there are more things

we can do with comments and I'll enlarge on those here:

Version history information

It ius good practice to create a file header at the start of each file. This should provide details such as

the creation daye, author, date, version and a general description of the contents. Often a log of

changes. This block will appear as a comment:




Module: Spam.py

Author: A.J.Gauld

Date: 1999/09/03

Version: Draft 0.4

# Description: This module provides a Spam object which can be

combined with any other type of Food object to create

interesting meal combinations.






Log:

1999/09/01 AJG - File created

1999/09/02 AJG - Fixed bug in pricing strategy

1999/09/02 AJG - Did it right this time!

1999/09/03 AJG - Added broiling method(cf Change Req #1234)



import sys, string, food

...

Commenting out redundant code

This technique is often used to isolate a faulty section of code. For example, assume a program reads

some data, processes it, prints the output and then saves the results back to the data file. If the results

are not what we expect it would be useful to temporarily prevent the (erroneous)data being saved

back to the file and thus corrupting it. We could simply delete the relevant code but a less radical

approach is simply to convert the lines into comments like so:

data = readData(datafile)

for item in data:

results.append(calculateResult(item))

printResults(results)




Comment out till bug in calculateResult fixed
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for item in results:

dataFile.save(item)



print 'Program terminated'

Once the fault has been fixed we can simply delete the comment markers to make the code active

once more.

Documentation strings

All languages allow you to create comments to document what a function or module does, but a few

such as Python and Smalltalk go one stage further and allow you to document the function in a way

that the language/environment can use to provide interactive help while programming. In Python this

is done using the """documentation""" string style:

class Spam:

"""A meat for combining with other foods

It can be used with other foods to make interesting meals.

It comes with lots of nutrients and can be cooked using many

different techniques"""

def init(self):

...

print Spam.doc

Note: We can access the documentation string by printing the special doc variable. Modules,

Functions and classes/methods can all have documentation strings. For example try:

import sys

print sys.doc

Indentation

This is one of the most hotly debated topics in programming. It almost seems that every programmer

has his/her own idea of the best way to indent code. As it turns out there have been some studies

done that show that at least some factors are genuinely important beyond cosmetics - ie they actually

help us understand the code better.

The reason for the debate is simple. In most programming languages the indentation is purely

cosmetic; an aid to the reader. (In Python it is in fact needed and is essential to proper working of the

program!) Thus:

FOR I = 1 TO 10

PRINT I

NEXT I

Is exactly the same as:

FOR I = 1 TO 10

PRINT I

NEXT I
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so far as the BASIC interpreter is concerned. Its just easier for us to read with indentation.

The key point is that indentation should reflect the logical structure of the code thus visually it should

follow the flow of the program. To do that it helps if the blocks look like blocks thus:

XXXXXXXXXXXXXXXXXXXX

XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX

which reads better than:

XXXXXXXXXXXXXXXXXXXXX

XXXXX

XXXXXXXXXXXX XXXXXXXXXXXX XXXXXXXXXXXX

XXXXX

because its clearly all one block. Studies have shown significant improvements in comprehension

when indenting reflects the logical block structure. In the small samples we've seen so far it may not

seem important but when you start writing programs with hundreds or thousands of lines it will

become much more so.

Variable Names

The variable names we have used so far have been fairly meaningless, mainly because they had no

meaning but simply illustrated techniques. In general its much better if your variable names reflect

what you want them to represent. For example in our times table exercise we used 'multiplier' as the

variable to indicate which table we were printing. That is much more meaningful than simply 'm' -which

would have worked just as well and been less typing.

Its a trade-off between comprehensibility and effort. Generally the best choice is to go for short but

meaningfull names. Too long a name becomes confusing and is difficult to get right consistently(for

example I could have used the_table_we_are_printing instead of multiplier but it's far too long and

not really much clearer.

Modular Programming

I'll explain this in more detail later but for now I simply want to describe the concept and importantly

how we can use modules to save our work - currently all your programs have been lost as soon as

you exit Python.

While the Python interactive interpreter prompt (>>>) is very useful for trying out ideas quickly, it

loses all you type the minute you exit. In the longer term we want to be able to write programs and

then run them over and over again. To do this in Python we create a text file with an extension .py

(this is a convension only, you could use anything you like. But it's a good idea to stick with

convention in my opinion...). You can then run your programs from a command prompt by typing:

$ python spam.py

Where spam.py is the name of your Python program file.
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Note for Unix users: The first line of a Python script file should contain the sequence #! followed

by the full path of python on your system. (You can find that by typing $ which python at your shell

prompt.)

On my system the line looks like:


! /usr/local/bin/python

This will allow you to run the file without calling Python at the same time:

$ spam.py

This line doesn't do any harm under Windows/Mac either, so those users can put it in too if their

code is likely to ever be run on a unix box.

Note for Windows users: Under Windows you can set up an association for files ending .py within

Explorer. This will allow you to run Python programs by simply double clicking the file's icon. This

should already have been done by the installer. You can check by finding some .py files and trying to

run them. If they start (even with a Python error message) it's set up.

The other advantage of using files to store the programs is that you can edit mistakes without having

to retype the whole fragment or, in IDLE, cursor all the way up past the errors to reselect the code.

IDLE supports having a file open for editing and running it from the 'Edit|Run module' menu.

From now on I won't normally be showing the >>> prompt in examples, I'll assume you are creating

the programs in a separate file and running them either within IDLE or from a command prompt (my

personal favourite).

Points to remember

Comments can be used to temporarily prevent code from executing, which is useful when

testing or 'debugging' code.

Comments can be used to proivide an explanatory header with version history of tye file.

Documentation strings can be usede to provide run-time information about a module and

the objects within it.

Indentation of blocks of code helps the reader see clearly the logical structure of the code.

By typing a python program into a file instead of at the Python '>>>' prompt the program

can be saved and run on demand by typing $ python progname.py at the command prompt

or by double clicking the filename within an Explorer window on Windows.
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Conversing with the user

What will we cover?

How to prompt the user to enter data and how to read that data once it is entered. We will show

how to read both numerical and string based data. Also we look at how to read data input as

command line arguments.

So far our programs have only dealt with static data. Data that, if need be, we can examine before the

program runs and thus write the program to suit. Most programs aren't like that. Most programs

expect to be driven by a user, at least to the extent of being told what file to open, edit etc. Others

prompt the user for data at critical points. Let's see how that can be done before we progress any

further.




print raw_input("Type something: ")







As you see raw_input simply displays the given prompt and captures whatever the user types in

response. Print then displays that response. We could instead assign it to a variable:

resp = raw_input("What's your name? ")

print "Hi, %s, nice to meet you" % resp

raw_input has a cousin called input. The difference is that raw_input collects the characters the user

types and presents them as a string, whereas input collects them and tries to form them into a

number. For example if the user types '1','2','3' then input will read those 3 characters and convert

them into the number 123.

Let's use input to decide which multiplication table to print:

multiplier = input("Which multiplier do you want? Pick a number ")

for j in range(1,13):

print "%d x %d = %d" % (j, multiplier, j * multiplier)

BASIC INPUT

In BASIC the INPUT statement reads input from the user thus:

INPUT "What multiplier do you want, pick a number ";M

FOR J = 1 to 12

PRINT M "x" J "= " M*J

NEXT J

As you see its very similar to Python except you put the variable at the end. Also BASIC uses

INPUT for both numbers and strings. There are usually a few extra features in BASIC's

INPUT statement. You should look at the documentation for your particular version.

Reading input in Tcl
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http://www.crosswinds.net/~agauld/tutinput.htm Page 41 of 84

02/03/2001

Tcl has its own input mechanism, which is based around files (which may include the standard input

and output 'files') and a command called gets. This reads input from the specified file which in our

case will be stdin. [ Note: This program will not work from the standard tclsh80 or wish80 prompt.

Instead you will need to type it into a file (say input.tcl) and run it from the command prompt like so:

C:\PROJECTS\Tcl>tclsh80 input.tcl

]

The Tcl version of our program looks like this:

puts -nonewline stdout "What multiplier do you want? "

flush stdout

set mult [gets stdin]

for {set j 1} {$j <= 12} {incr j} {

puts [format " %d x %d = %d" $j $mult [expr $mult * $j] ]

}

The -nonewline option to puts simply prevents the cursor from moving to the next line after

displaying the prompt message. flush forces stdout to write its contents immediately to ensure that it

appears on screen. The for loop is almost identical to the version we saw in the loops section.

Command Line Parameters

One other type of input is from the command line. For example when you run your text editor like:

EDIT Foo.txt

How does the editor read the filename?

In most languages the system provides an array or list of strings containing the command line words.

Thus the first element will contain the command itself, the second element will be the first argument,

etc. There is usually some kind of magic variable that holds the number of elements in the list.

In Python that list is held by the sys module and called argv (for 'argument values'). We can extract

the elements using indexing or by iterating over the list, thus:

import sys

for item in sys.argv:

print item

print "the first argument was:", sys.argv[1]

Note that this only works if you put it in a file (say args.py) and execute it from the operating system

prompt like this:

C:\Python\PROJECTS> python args.py 1 23 fred

args.py

1

23

fred

thr first argument was: 1
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C:\PYTHON\PROJECTS>

Tcl's Command line

Tcl has a similar scheme with 3 variables:

argv0 - the command name,

argv - a string containing the rest of the command line and

argc - containing the number of words in argv

An example of accessing the command line arguments in Tcl is:

puts "the command was: $argv0"

puts "The first argument was: [lindex $argv 0]"

Once again you will need to run this as a script from the operating system command prompt and

provide some sample arguments.

And BASIC

While Tcl does not appear to have an 'input' equivalent, BASIC does not seem to have an argv

equivalent although it would be possible to use operating system features to access them - for

example they are stored in an environment variable under DOS so you can use the GETENV

function. That's far too advanced for this course however and I recommend that in BASIC programs

you prompt the user for the values interactively.

That's really as far as we'll go with user input in this course. It's very primitive but you can write

useful programs with it. In the early days of Unix or PCs it's the only kind of interaction you got.

Python, Tcl and BASIC (in its 'Visual' incarnation) are all capable of writing sophisticated GUI

programs with windows, dialogs etc... but that's a bit too advanced for this course. Having said that

the case study does provide a brief example of getting input via a GUI in Python but we won't be

explaining too much about how it works. There are Web tutorials available for doing that once you

get a good grounding in the essentials, I'll list some of them in the references page.

Points to remember

Use input for reading numbers, raw_input for reading characters/strings.

Both input and raw_input can display a string to prompt the user.

BASIC's INPUT command can be used for any type of data.

Command line parameters can be obtained from the argv list imported from the sys module

in Python, where the first item is the name of the program.

TCL uses the similarly named argv list to get it's command line data, but the program name

is in the separate argv0

The name variable will be set to "main" if the module has been run from the

command line (or double clicked in Windows).
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Decisions, Decisions

What will we cover?

The 3rd programming construct - Branching

Single branches and multiple branches

Using Boolean expressions

The 3rd of our fundamental building blocks is branching or conditional statements. These are simply

terms to describe the ability within our programs to execute one of several possible sequences of

code(branches) depending on some condition.

Back in the early days of Assembler programs the simplest branch was a JUMP instruction where

the program literally jumped to a specified memory address, usually if the result of the previous

instruction was zero. Amazingly complex programs were written with virtually no other form of

condition possible - vindicating Dijkstras statement about the minimum requirements for

programming. When high level languages came along a new version of the JUMP instruction

appeared called GOTO. In fact BASIC still provides GOTO and you can try it out by typing the

following bit of code:

10 PRINT "Starting at line 10"

20 J = 5

30 IF J < 10 GOTO 50

40 Print "This line is not printed"

50 STOP

Notice how even in such a short program it takes a few seconds to figure out what's going to happen.

There is no structure to the code, you have to literally figure it out as you read it. In large programs it

becomes impossible. For that reason most modern programming languages either don't have a direct

JUMP or GOTO statrement or discourage you from using it.

The if statement

The most intuitively obvious conditional statement is the if, then, else construct. It follows the logic

of English in that if some boolean condition is true then a block of statements is executed otherwise

(or else) a different block is executed.

It looks like this in BASIC:

PRINT "Starting Here"

J = 5

IF J > 10 THEN

PRINT "This is never printed"

ELSE

STOP

END IF

Hopefully that is easier to read and understand than the previous GOTO example. Of course we can

put any test condition we like after the if, so long as it evaluates to True or False, i.e. a boolean value.

Python looks quite similar:
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import sys # only to let us exit

print "Starting here"

j = 5

if j > 10:

print "This is never printed"

else:

sys.exit()

Its very nearly identical, isn't it?

You can go on to chain these if/then/else statements together by nesting them one inside the other

like so:


Assume width created previously...

if width == 100:

area = 0

else:

if width == 200:

length = length * 2

else:

if width == 500:

width = width/10

else:

print "width is an unexpected value!"

Note:we used == to test for equality in each if statement, whereas we used = to assign values to

the variables. Using = when you mean to use == is one of the common mistakes in programming

Python, fortunately Python warns you that it's a syntax error, but you might need to look closely to

spot the problem.

Boolean Expressions

You might remember that in the 'Raw Materials' section we mentioned a Boolean type of data. We

said it had only two values: true or false. We very rarely create a Boolean variable but we often create

temporary Boolean values using expressions. An expression is a combination of variables and values

combined by operators to produce a value. In the foloowing example:

if x < 5:

print x

x < 5 is the expression. Expressions can be arbitrarily complex provided they evaluate to a single

final value. In the case of a branch that value must be either true or false. However, the definition of

these 2 values varies from language to language. In many languages false is the same as 0 or a

non-existent value(often called NULL, Nil or None). Thus an empty list or string evaluates to false in

a Boolean context. This means we can use a while loop to process a list until the list is empty, or

example. Python, QBASIC and Tcl all take this approach to Boolean values.

Tcl branches

Tcl's if statement is very similar, looking like this:

if {$x < 5} {

puts $x

}elseif {$x == 5} {
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puts "its 5!"

}else{

puts "greater than 5"

}

That should be straightforward, of course the elseif and else parts are optional. But you probably

guessed that.

Case statements

A sequence of nested if/else/if/else... is such a common construction that many languages provide a

special type of branch for it. This is often referred to as a Case or Switch statement and the Tcl

version looks like:

switch $width {

100 { set area 0}

200 { set length [expr {$length * 2}] }

500 { set width [expr {$width / 2}] }

}

Neither BASIC nor Python provide such a construct but rather compromise by providing an easier

if/elseif/else format:

if width < 100:

area = 0

elif width < 200:

length = length * 2

elif width < 500:

width = width/10

else:

print "width is too big!"

Note the use of elif and the fact that the indentation (all important in Python) does not change. It's

also worth pointing out that both Python versions of this program are equally valid, the second is

just a little easier to read if there are many tests.

BASIC provides a slightly more cumbersome version with ElseIf...THEN which is used in exactly

the same way as the Python elif

Things to Remember

Use if/else to branch

The else is optional

Multiple decisions can be represented using a CASE or if/elif construct

Boolean expressions return true or false
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Modular Programming

What will we cover?

What modules are about

Functions as modules

Using module files

Writing our own functions and modules

What's a Module?

The 4th element of programming is modular programming. In fact its not strictly necessary, and

using what we've covered so far you can actually write some pretty impressive programs. However as

the programs get bigger it becomes harder and harder to keep track of what's happening and where.

We really need a way to abstract away some of the details so that we can think about the problems

we are trying to solve rather than the minutae of how the computer works. To some extent that's what

Python, BASIC etc already do for us with their built in capabilities - they prevent us from having to

deal with the hardware of the computer, how to read the individual keys on the keyboard etc.

The role of modular programming is to allow the programmer to extend the built in capabilities of

the language. It packages up bits of program into modules that we can 'plug in' to our programs. The

first form of module was the subroutine which was a block of code that you could jump to (rather

like the GOTO mentioned in the branching section) but when the block completed, it could jump

back to wherever it was called from. That specific style of modularity is known as a procedure or

function. In Python and some other languages the word module has taken on a specific meaning

which we will look at shortly, but first let's consider functions a bit more closely.

Using Functions

Before considering how to create functions let's look at how we use the many, many functions that

come with any programming language (often called the library).

We've already seen some functions in use and listed others in the operators section. Now we'll

consider what these have in common and how we can use them in our programs.

The basic structure of a function is as follows:

aValue = someFunction(anArgument, another, etc...)

That is a variable takes on a value obtained by calling a function. The function can accept 0 or many

arguments which it treats like internal variables. Functions can call other functions internally. Let's

consider some examples in our various languages to see how this works:

BASIC: MID$(str$,n,m)

This prints the next m characters starting at the nth in str$. (Recall that names ending in '$' in BASIC

signify a string)

time$ = "MORNING EVENING AFTERNOON"

PRINT "Good";MID$(time$,8,8)
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This prints out "Good EVENING".

BASIC: ENVIRON$(str$)

This returns the specified Environment Variable str$.

PRINT ENVIRON$("PATH")

Prints the current PATH as set in DOS (usually via the autoexec.bat file).

Tcl: llength L

Returns the length of list L

set a {"first" "Second" "third"} # 3 element list

puts [llength $a] # output is '3'

Note: almost everything in Tcl is a function(or as Tcl prefers to term it, a command). This leads to

some awkward syntax but makes it very easy for the computer to read Tcl programs. This is

important because Tcl stands for Tool Control Language and was designed to be embedded in other

programs as a macro language like Visual Basic for Applications(VBA) in Microsoft products. You

can actually embed Python in the same way but Tcl is unique in that it was designed first and

foremost with embedding in mind.

Python: pow(x,y)

x = 2 # we'll use 2 as our base number

for y in range(0,11):

print pow(x,y) # raise 2 to power y, ie 0-10

Here we generate values of y from 0 to 10 and call the built-in pow() function passing 2 arguments:

x and y. On each call the current values of x and y are substituted into the call and the result is

printed.

Note: The exponentiation operator, ** is equivalent to the pow() function.

Python: dir(m)

Another useful function built in to python is dir which, when passed the name of a module, gives

back a list of valid names - often functions - in that module. Try it on the builtin functions:

print dir(builtin)

Note: To use it on any other module you need to import the module first otherwise Python will

complain that it doesn't recognise the name.

Before doing much else we'd better talk about Python modules in a bit more detail.

Using Modules
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Python is an extremely extendable language (as indeed is Tcl) in that you can add new capabilities by

importing modules. We'll see how to create modules shortly but for now we'll play with some of the

standard modules that ship with Python.

sys

We met sys already when we used it to exit from Python. It has a whole bunch of other useful

functions too. To gain access to these we must import sys:

import sys # make functions available

sys.exit() # prefix with 'sys'

If we know that we will be using the functions a lot and that they won't have the same names as

functions we have already imported or created then we can do:

from sys import * # import all names in sys

exit() # can now use without specifying prefix 'sys'

Other modules and what they contain

You can import and use any of Pythons modules in this way and that includes modules you create

yourself. We'll see how to do that in a moment. First though, I'll give you a quick tour of some of

Python's standard modules and some of what they offer:

Module name Description

sys

Allows interaction with the Python system:

exit() - exit!

argv - access command line arguments

path - access the system path

ps1 - change the '>>>' python prompt!

os

Allows interaction with the operating system:

open - open a file

system - execute a system command

mkdir - create a directory

getcwd - find the current working directory

string

Allows manipulation of strings

atoi/f/l - convert string to integer/float/long

find - find substring

split - break into 'words'

upper/lower - case conversion

re

Allows manipulation of strings with Unix style

regular expressions

search - find pattern anywhere in string

match - find at beginning only

split - break into fields separated by pattern

sub,subn - string substitution
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math

Allows access to many mathematical functions:

sin,cos etc - trigonometical functions

log,log10 - natural and decimal logarithms

ceil,floor - ceiling and floor

pi, e - natural constants

time

time(and date) functions

time - get the current time (expressed in seconds)

gmtime - convert time in secs to UTC (GMT)

localtime - convert to local time instead

mktime - inverse of localtime

sleep - pause program for n seconds

These are just the tip of the iceberg. There are literally dozens of modules provided with Python, and

as many again that you can download. (A good source is the Vaults of Parnassus.) Look at the

documentation to find out how to do internet programming, graphics, build databases etc.

The important thing to realize is that most programming languages have these basic functions either

built in or as part of their standard library. Always check the documentation before writing a function


	it may already be there! Which leads us nicely into...



Defining our own functions

OK, So we know how to use the existing functions how do we create a new function? Simply by

declaring it. That is we write a statement which tells the interpreter that we are defining a block of

code that it should insert on demand elsewhere in our program.

So lets create a function that can print out a multiplication table for us for any value that we provide

as an argument. In BASIC it looks like:

SUB TIMES (N%)

FOR I = 1 TO 12

PRINT I; "x"; N%; "="; I * N%

NEXT I

END SUB

And we can call it like this:

PRINT "Here is the 7 times table..."

TIMES(7)

Note: We defined a parameter called N% and passed an argument of 7 . The local variable

N% inside the function took the value 7 when we called it. We can define as many parameters as we

want in the function definition and the calling programs must provide values for each parameter.

Some programming languages allow you to define default values for a parameter so that if no value

is provided the function assumes the default. We'll see this in Python later.

In Python the TIMES function looks like:

def times(n):
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for i in range(1,13):

print "%d x %d = %d" % (i, n, i*n)

And is called like:

print "Here is the 9 times table..."

times(9)

Note that these functions do not return any values (they are really what some languages call

procedures). In fact notice that the BASIC version actually uses the keyword SUB rather than

FUNCTION. This stands for subroutine, a little used term from the age of assembler programming

that in BASIC means a function that does not return a value. Python by contrast uses the term

def which is short for 'define' and that which follows is assumed to be a function.

Recall that I mentioned the use of default values? One sensible use for these would be in a function

which returned the day of the week. If we call it with no value we mean today, otherwise we provide

a day number as an argument. Something like this:


a day value of -1 => today

def dayOfWeek(DayNum = -1):

days = ['Monday','Tuesday',

'Wednesday','Thursday',

'Friday', 'Saturday', 'Sunday']


check for the default value

if DayNum == -1:


Use the time module functions to get current time

see the table above and the official module documentation

import time

theTime = time.localtime(time.time())

DayNum = theTime[6]

return days[DayNum]

Note: We only need to use the time module if the default parameter value is involved, therefore we

defer the import operation until we need it. This would provide a slight performance improvement if

we never had to use the default value feature of the function.

Now we can call this with:

print "Today is: %s" % dayOfWeek()


remember that in computer speak we start from 0

and in this case we assume the first day is Monday.

print "The third day is %s" % dayOfWeek(2)

Back to multiplication again....

What if we wanted to define a function that just returned the values of the multiplication as an array

of numbers? In BASIC it looks like:

FUNCTION TIMES% (N%)

DIM VALUES(12) AS INTEGER

FOR I = 1 to 12

VALUES(I) = I*N%

NEXT I
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RETURN VALUES

END FUNCTION

And in Python:

def times(n):


create new empty list

values = []

for i in range(1,13):

values[i] = i*n

return values

This would be pretty dumb, because it's easier to just calculate i*n on demand. But hopefully you see

the idea. A more practical function which returns a value might be one which counts the words in a

string. You could use that to calculate the words in a file by adding the totals for each line together.

The code for that might look something like this:

def numwords(s):

list = split(s) # list with each element a word

return len(list) # return number of elements in list

for line in file:

total = total + numwords(line) # accumulate totals for each line

print "File had %d words" % total

Now if you tried it, you'll know that it didn't work. What I've done is a common design technique

which is to sketch out how I think the code should look but not bothered to use the absolutely correct

code. This is sometimes known as Pseudo Code or in a slightly more formal style Program

Description Language (PDL).

Once we've had a closer look at file and string handling, a little later in the course, we'll come back to

this example and do it for real.

Tcl Functions

We can also create functions in Tcl, of course, and we do so using the proc command, like so:

proc times {m} {

for {set i 1} {$i <= 12} {incr i} {

lappend results [expr $i * $m]

}

return $results

}

Note that by using the Tcl lappend list command I automatically create a list called results and start

adding elements to it.

A Word of Caution

Tcl is a little different in the way it deals with functions. In fact you may have noticed that I have

been calling the builtin Tcl functions commands. That's because in Tcl every command you type at

the Tcl prompt is actually a function call. Most languages come with a set of keywords like for,
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while, if/else and so on. Tcl makes all of these control keywords commands or functions. This has

the interesting, confusing and very powerful effect of allowing us to redefine builtin control

structures like this:

set i 3

while {$i < 10} {

puts $i

set i [expr $i + 1]

}

As expected this prints out the numbers from 3 to 9 (1 less than 10). But let's now define our own

version of the while command:

proc while {x y} {

puts "My while now"

}

set i 3

while {$i < 10} {

puts $i

set i [expr $i + 1]

}

This does nothing but print the message "My while now". The expression and command sequence

are ignored because Tcl treats them as parameters to the while function and the while function

expects them but ignores them! So you can see how we define procedures in Tcl and how we can

abuse that to create very confusing programs - don't do it unless you have a very good reason!

Creating our own modules

So now we can create our own functions and call these from other parts of our program. That's good

because it can save us a lot of typing and, more importantly, makes our programs easier to

understand because we can forget about some of the details after we create the function that hides

them. (This principle of wrapping up the complex bits of a program inside functions is called

information hiding for fairly obvious reasons.) But how can we use these functions in other

programs? We create a module.

Python Modules

A module in Python is nothing special. It's just a plain text file full of Python program statements.

Usually these statements are function definitions. Thus when we type:

from sys import *

we effectively copy the contents of sys.py into our program, almost like a cut n' paste operation. (its

not really like that but the concept is OK). In fact in some programming languages (noteably C++)

the translator literally does simply copy module files into the current program as required.

So to recap, we create a module by creating a Python file containing the functions we want to reuse

in other programs. Then we just import our module exactly like we do the standard modules. Easy

eh? Let's do it.
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Copy the function below into a file by itself and save the file with the name timestab.py

def print_table(multiplier):

print "--- Printing the %d times table ---" % multiplier

for n in range(1,13):

print "%d x %d = %d" % (n, multiplier, n*multiplier)

Now at the Python prompt type:




import timestab

timestab.print_table(12)







Heh presto! You've created a module and used it.

Important Note:If you didn't start Python from the same directory that you stored the timestab.py

file then Python might not have been able to find the file and reported an error. If so then you can

create an environment variable called PYTHONPATH that holds a list of valid directories to search

for modules (in addition to the standard modules supplied with Python).

Creating environment variables is a platform specific operation which I assume you either know how

to do or can find out!

Modules in BASIC and Tcl

What about BASIC? That's more complex.... In QBASIC and other older varieties there is no real

module concept. You have to manually cut n' paste from previous projects into your current one

using your text editor. However in Visual Basic there is a module concept and you can load a module

via the Integrated Development Environment (IDE) File|Open Module... menu. There are a few

restrictions as to what kind of things you can do inside a BASIC module but since we're not using

Visual Basic on this course I won't go into that any further. (Note: there is a cut down version of

Visual Basic known as the COM Controls Edition, CCE, available for free download on Microsoft's

website if you feel like experimenting. Also Windows 98, 2000 and IE5 all install a cut down version

of VB called VBScript which you can use in files ending .vbs)

Finally Tcl, as ever(!), takes a somewhat eclectic, but nonetheless interesting, path with regard to

reusing modules (or as it prefers to call them libraries).

At the simplest level you can just create a file of Tcl functions as we do in Python and then, in your

program, source the file. This literally causes the interpreter to read your file and those programs

become available for use. But there is a more interesting option:

You can create your files as above, put them all in a directory/folder and then run a

mk_index command. This builds an index of all the functions and files in the folder. Then in your

program you simply call the required function and the Tcl interpreter will realize the function is not

available and automatically look in the index file. It will then source the relevant source file from the

library and execute the function.

Once sourced the function stays available so there is little performance overhead involved. The only

snag is that the programmer must avoid having more than one function with the same name. This

feature of Tcl is known as autoloading.
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Next we'll take a look at files and text handling and then as promised revisit the business of counting

words in a file. In fact we're eventually going to create a module of text handling functions for our

convenience.

Things to remember

Functions are a form of module

Functions return values, procedures don't

Python modules normally consist of function definitions in a file

Create new functions with the def keyword in Python

Use SUB or FUN in BASIC and proc in Tcl
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Handling Files and Text

What will we cover?

How to open a file

How to read and write to an open file

How to close a file.

Building a word counter

Handling files often poses problems for beginners although the reason for this puzzles me. Files in a

programming sense are no different from files that you use in a word processor or other application:

you open them, do some work and then close them again.

The biggest differences are that in a program you access the file sequentially, that is, you read one

line at a time starting at the beginning. In practice the word processor often does the same, it just

holds the entire file in memory while you work on it and then writes it all back out when you close it.

The other difference is that you normally open the file as read only or write only. You can write by

creating a new file from scratch (or overwriting an existing one) or by appending to an existing one.

One other thing you can do while processing a file is that you can go back to the beginning.

Files - Input and Output

Let's see that in practice. We will assume that a file exists called menu.txt and that it holds a list of

meals:

spam & eggs

spam & chips

spam & spam

Now we will write a program to read the file and display the output - like the 'cat' command in Unix

or the 'type' command in DOS.


First open the file to read(r)

inp = open("menu.txt","r")


read the file into a list then print

each item

for line in inp.readlines():

print line


Now close it again

inp.close()

Note 1: open() takes two arguments. The first is the filename (which may be passed as a variable or a

literal string, as we did here). The second is the mode. The mode determines whether we are opening

the file for reading(r) or writing(w), and also whether it's for ASCII text or binary usage - by adding a

'b' to the 'r' or 'w', as in: open(fn,"rb")
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Note 2: We read and close the file using functions preceded by the file variable. This notation is

known as method invocation and is our first glimpse of Object Orientation. Don't worry about it for

now, except to realize that it's related in some ways to modules. You can think of a file variable as

being a reference to a module containing functions that operate on files and which we automatically

import every time we create a file type variable.

Consider how you could cope with long files. First of all you would need to read the file one line at a

time (in Python by using readline() instead of readlines(). You might then use a line_count variable

which is incremented for each line then tested to see whether it is equal to 25 (for a 25 line screen). If

so, you request the user to press a key (enter say) before resetting the line_count to zero and

continuing. You might like to try that as an excercise...

Really that's all there is to it. You open the file, read it in and manipulate it any way you want to.

When you're finished you close the file. To create a 'copy' command in Python, we simply open a

new file in write mode and write the lines to that file instead of printing them. Like this:


Create the equivalent of: COPY MENU.TXT MENU.BAK

First open the files to read(r) and write(w)

inp = open("menu.txt","r")

outp = open("menu.bak","w")


read the file into a list then copy to

new file

for line in inp.readlines():

outp.write(line)

print "1 file copied..."


Now close the files

inp.close()

outp.close()

Did you notice that I added a print statement just to reassure the user that something actually

happened? This kind of user feedback is usually a good idea.

One final twist is that you might want to append data to the end of an existing file. One way to do

that would be to open the file for input, read the data into a list, append the data to the list and then

write the whole list out to a new version of the old file. If the file is short that's not a problem but if

the file is very large, maybe over 100Mb, then you will simply run out of memory to hold the list.

Fortunately there's another mode "a" that we can pass to open() which allows us to append directly to

an existing file just by writing. Even better, if the file doesn't exist it will open a new file just as if

you'd specified "W".

As an example, lets assume we have a log file that we use for capturing error messages. We don't

want to delete the existing messages so we choose to append the error, like this:

def logError(msg):

err = open("Errors.log","a")

err.write(msg)

err.close()
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In the real world we wpuld probably want to limit the size of the file in some way. A common

technique is to create a filename based on the date, thus when the date changes we automatically

create a new file and it is easy for the maintainers of the system to find the errors for a particular day

and to archive away old error files if they are not needed.

Counting Words

Now let's revisit that word counting program I mentioned in the previous section. Recall the Pseudo

Code looked like:

def numwords(s):

list = split(s) # list with each element a word

return len(list) # return number of elements in list

for line in file:

total = total + numwords(line) # accumulate totals for each line

print "File had %d words" % total

Now we know how to get the lines from the file let's consider the body of the numwords() function.

First we want to create a list of words in a line. By looking at the Python reference documentation for

the string module we see there is a function called split which separates a string into a list of fields

separated by whitespace (or any other character we define). Finally, by again referring to the

documentation we see that the builtin function len() returns the number of elements in a list, which

in our case should be the number of words in the string - exactly what we want.

So the final code looks like:

import string

def numwords(s):

list = string.split(s) # need to qualify split() with string module

return len(list) # return number of elements in list

inp = open("menu.txt","r")

total = 0 # initialise to zero; also creates variable

for line in inp.readlines():

total = total + numwords(line) # accumulate totals for each line

print "File had %d words" % total

inp.close()

That's not quite right of course because it counts the '&' character as a word (although maybe you

think it should...). Also, it can only be used on a single file (menu.txt). But its not too hard to convert

it to read the filename from the command line ( argv[1]) or via raw_input() as we saw in the 'Talking

to the user' section. I leave that as an excercise for the reader.

BASIC and Tcl

BASIC and Tcl provide their own file handling mechanisms. They aren't too different to Python so

I'll simply show you the 'cat' program in both and leave it at that.

BASIC Version
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BASIC uses a concept called streams to identify files. These streams are numbered which can make

BASIC file handling tedious. This can be avoided by using a handy function called ??? which retirns

the next free stream number. If you store this in a variable you never need to get confused about

which stream/file has which number.

INFILE = FREEFILE

OPEN "TEST.DAT" FOR INPUT AS INFILE

REM Check for EndOfFile(EOF) then

REM read line from input and print it

DO WHILE NOT EOF(INFILE)

LINE INPUT #INFILE, theLine

PRINT theLine

CLOSE #INFILE

Tcl Version

By now the pattern should be clear. Here is the Tcl version:

set infile [open "Test.dat" r]

while { [gets $infile line] >= 0} {

puts $line

}

close $infile

Things to remember

Open files before using them

Files can usually only be read or written but not both at the same time

Pythons readlines() function reads all the lines in a file, while readline() only reads one line at a

time, which may help save memory.

Close files after use.
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Handling Errors

What will we cover?

2 ways of dealing with errors

raising errors in our code for others to catch

The Traditional Way

Traditionally when programmers do something, call a function say, the result of the function can be

tested for validity. For example if you try to open a file that doesn't exist the return value might be a

NULL value. There are two common strategies for dealing with these kinds of situations:


	
include the error code in the result of the function or



	
set a global variable to an error status.





In either case its up to the programmer to check to see whether an error has occurred and take

appropriate action.

IN BASIC this looks like:

OPEN "A:\DATA.TXT" FOR INPUT AS #1

IF ERR = 53 THEN

CALL FileNotFoundError

ELSE

REM CONTINUE WITH FILE HANDLING HERE

END IF

This can result in production quality programs where over half of the code is taken up with testing

every action for success. This is cumbersome and makes the code hard to read (but in practice it's

how the majority of programs today work). A consistent approach is essential if silly mistakes are to

be avoided.

The Exceptional Way

In more recent programming environments an alternative way of dealing with errors has developed.

This is known as exception handling and works by having functions throw or raise an exception.

The system then forces a jump out of the current block of code to the nearest exception handling

block. The system provides a default handler which catches all exceptions and usually prints an error

message then exits.

The exception handling block is coded rather like an if...then...else block:

try:


program logic goes here

except ExceptionType:


exception processing for named exception goes here

except AnotherType:


exception processing for a different exception goes here

else:


here we tidy up if NO exceptions are raised
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There is another type of 'exception' block which allows us to tidy up after an error, its called a

try...finally block and typically is used for closing files, flushing buffers to disk etc. The

finally block is always executed last regardless of what happens in the try section.

try:


normal program logic

finally:


here we tidy up regardless of the

success/failure of the try block

Tcl has a somewhat similar mechanism using the keyword catch:

set errorcode [catch {

unset x

} msg ]

if {$errorcode != 0} {


handle error here

}

In this case x doesn't exist so we can't unset it. Tcl raises an exception but the catch prevents the

program from aborting and instead puts the error message into the msg variable and returns a

non-zero value (which can be defined by the programmer). You can then test the return value of

catch in errorcode. If it is non zero then an error occured and you can examine the msg variable.

BASIC doesn't quite support exceptions but does have a construct which helps to keep the code

clear:

100 OPEN "A:\Temp.dat" FOR INPUT AS #1

110 ON ERROR GOTO 10010

120 REM PROGRAM CODE HERE...

130 ...

10000 REM ERRORHANDLERS:

10010 IF ERR = 54 THEN....

Note the use of line numbers. This was common in older programming languages including early

BASIC. Now you can do the same thing with labels:

ON ERROR GOTO Handler

REM Now create divide by zero error

x = 5/0

Handler:

IF ERR = 23 THEN

PRINT "Can't divide by 0"

x = 0

RESUME NEXT

END IF

Notice the RESUME NEXT statements which allow us to return to just after the error and carry on

with the program.

Generating Errors

What happens when we want to generate exceptions for other people to catch, in a module say? In

that case we use the raise keyword in Python:
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numerator = 42

denominator = input("What value will I divide 42 by?")

if denominator == 0:

raise "zero denominator"

This raises a string object exception which can be caught by a try/except block.

Tcl's Error Mechanism

In Tcl the return statement takes an optional -code flag which gets caught by any enclosing catch:

proc spam {val} {

set x $val

return -code 3 [expr $x]

}

set err [catch {

foo [spam 7]

} msg]

err should have the value 3 and msg the value 7. Once again a case where Tcl's syntax is less

intuitive than it might have been.

BASIC Error Handling

In BASIC you can set the ERR variable with the ERROR statement:

ON ERROR GOTO ERRORS

INPUT "INPUT ERROR CODE"; E

ERROR E

ERRORS:

IF ERR = 142 THEN

PRINT "Error 142 found"

STOP

ELSE

PRINT "No error found"

STOP

END IF

Things to remember

Check error codes using an if statement

Catch exceptions with an except clause

Generate exceptions using the raise keyword

Errors can be a simple string
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Recursion

Note: This is a fairly advanced topic and for most applications you don't need to know

anything about it. Occasionally, it is so useful that it is invaluable, so I present it here for your

study. Just don't panic if it doesn't make sense stright away.

What is it?

Despite what I said earlier about looping being one of the cornerstones of programming it is in fact

possible to create programs without an explicit loop construct. Some languages, such as Lisp, do not

in fact have an explicit loop construct like FOR, WHILE, etc. Instead they use a technique known as

recursion . This turns out to be a very powerful technique for some types of problem, so we'll take a

look at it now.

Recursion simply means applying a function as a part of the definition of that same function. Thus

the definition of GNU (the source of much free software) is said to be recursive because GNU stands

for 'GNU's Not Unix'. ie GNU is part of the definition of GNU!

The key to making this work is that there must be a terminating condition such that the function

branches to a non-recursive solution at some point. (The GNU definition fails this test and so gets

stuck in an infinite loop).

Let's look at a simple example. The mathematical factorial function is defined as being the product of

all the numbers up to and including the argument, and the factorial of 1 is 1. Thinking about this, we

see that another way to express this is that the factorial of N is equal to N times the factorial of (N-1).

Thus:

1! = 1

2! = 1 x 2 = 2

3! = 1 x 2 x 3 = 2! x 3 = 6

N! = 1 x 2 x 3 x .... (N-2) x (N-1) x N = (N-1)! x N

So we can express this in Python like this:

def factorial(n):

if n == 1:

return 1

else:

return n * factorial(n-1)

Now because we decrement N each time and we test for N equal to 1 the function must complete.

Writing the factorial function without recursion involves quite a bit more code. You need to create a

list of all the numbers from 1 to N then loop over that list multiplying the current total by the next

item. Try it as an exercise and compare the result to the function above.

Recursing over lists

The other area where recursion is very useful is in processing lists. Provided we can test for an empty

list, and generate a list minus its first element we can use recursion easily.
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Consider the trivial case of printing each element of a list of strings using a function printList:

def printList(L):

if L:

print L[0]


for [1:] - see 'slicing' in the Python reference manual

printList(L[1:])

If L is true - non empty - we print the first element then process the rest of the list.

For a simple list that's a trivial thing using a simple loop. But consider what happens if the List is

complex and contains other lists within it. If we can test whether an item is a List then we can call

printList() recursively. If not we simply print it. Lets try that:

def printList(L):


if its empty do nothing

if not L: return


if its a list call printList on 1st element

if type(L[0]) == type([]):

printList(L[0])

else: #no list so just print

print L[0]


now process the rest of L

printList(L[1:])

Now if you try to do that using a conventional loop construct you'll find it very difficult. Recursion

makes a very complex task comparatively simple.

There is a catch (of course!). Recursion on large data structures tends to eat up memory so if you are

short of memory, or have very large data structures to process the more complex conventional code

may be safer.

OK, let's now take another leap into the unknown as we introduce Object Oriented Programming.
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Object Oriented Programming

What is it?

Now we move onto what might have been termed an advanced topic up until about 5 years ago.

Nowadays 'Object Oriented Programming has become the norm. Languages like Java and Python

embody the concept so much that you can do very little without coming across objects somewhere.

So what's it all about?

The best introductions are, in my opinion:

Object Oriented Analysis by Peter Coad & Ed Yourdon.

Object Oriented Analysis and Design with Applications by Grady Booch (the 1st edition if

you can find it)

Object Oriented Software Construction by Bertrand Meyer (definitely the 2nd edition of this

one)

These increase in depth, size and academic exactitude as you go down the list. For most non

professional programmers' purposes the first is adequate. For a more programming focussed intro try

Object Oriented Programming by Timothy Budd(2nd edition). I haven't personally read this one but

it gets rave reviews from people whose opinions I respect. Finally for a whole heap of info on all

topics OO try the Web link site at: http://www.cetus.org

Assuming you don't have the time nor inclination to research all these books and links right now, I'll

give you a brief overview of the concept. (Note:Some people find OO hard to grasp others 'get it'

right away. Don't worry if you come under the former category, you can still use objects even without

really 'seeing the light'.)

One final point, we will only be using Python in this section since neither BASIC not Tcl support

objects. It is possible to implement an Object Oriented design in a non OO language through coding

conventions, but it's usually an option of last resort rather than a recommended strategy. If your

problem fits well with OO techniques then it's best to use an OO language.

Data and Function - together

Objects are collections of data and functions that operate on that data. These are bound together so

that you can pass an object from one part of your program and they automatically get access to not

only the data attributes but the operations that are available too.

For example a string object would store the character string but also provide methods to operate on

that string - search, change case, calculate length etc.

Objects use a message passing metaphor whereby one object passes a message to another object and

the receiving object responds by executing one of its operations, a method. So a method is

invoked on receipt of the corresponding message by the owning object. There are various notations

used to represent this but the most common mimics the access to fields in records - a period. Thus,

for a fictitious widget class:

w = Widget() # create new instance, w, of widget

w.paint() # send the message 'paint' to it
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This would cause the paint method of the widget object to be invoked.

Defining Classes

Just as data has various types so objects can have different types. These collections of objects with

identical characteristics are collectively known as a class. We can define classes and create

instances of them, which are the actual objects. We can store references to these objects in variables

in our programs.

Let's look at a concrete example to see if we can explain it better. We will create a message class that

contains a string - the message text - and a method to print the message.

class Message:

def init(self, aString):

self.text = aString

def printIt(self):

print self.text

Note 1:One of the methods of this class is called init and it is a special method called a

constructor. The reason for the name is that it is called when a new object instance is created or

constructed. Any variables assigned (and hence created in Python) inside this method will be unique

to the new instance. There are a number of special methods like this in Python, nearly all

distinguished by the xxx naming format.

Note 2:Both the methods defined have a first parameter self. The name is a convention but it

indicates the object instance. As we will see this parameter is filled in by the interpreter at run-time,

not by the programmer. Thus print is called with no arguments: m.print().

Note 3:We called the class Message with a capital 'M'. This is purely convention, but it is fairly

widely used, not just in Python but in other OO languages too. A related convention says that method

names should begin with a lowercase letter and subsequent words in the name begin with uppercase

letters. Thus a method called "calculate current balance" would be written: calculateCurrentBalance.

You may want to briefly revisit the 'Data' section and look again at 'user defined types'. The Python

address example should be a little clearer now. Essentially the only type of used defined type in

Python is a class. A class with attributes but no methods (except init is effectively equivalent to

a BASIC record.

Using Classes

Having defined a class we can now create instances of our Message class and manipulate them:

m1 = Message("Hello world")

m2 = Message("So long, it was short but sweet")

note = [m1, m2] # put the objects in a list

for msg in note:

msg.printIt() # print each message in turn

So in essence you just treat the class as if it was a standard Python data type, which was after all the

purpose of the excercise!
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Same thing, Different thing

What we have so far is the ability to define our own types (classes) and create instances of these and

assign them to variables. We can then pass messages to these objects which trigger the methods we

have defined. But there's one last element to this OO stuff, and in many ways it's the most important

aspect of all.

If we have two objects of different classes but which support the same set of messages but with their

own corresponding methods then we can collect these objects together and treat them identically in

our program but the objects will behave differently. This ability to behave differently to the same

input messages is known as polymorphism.

Typically this could be used to get a number of different graphics objects to draw themselves on

receipt of a 'paint' message. A circle draws a very different shape from a triangle but provided they

both have a paint method we, as programmers, can ignore the difference and just think of them as

'shapes'.

Let's look at an example, where instead of drawing shapes we calculate their areas:

First we create Square and Circle classes:

class Square:

def init(self, side):

self.side = side

def calculateArea(self):

return self.side**2

class Circle:

def init(self, radius):

self.radius = radius

def calculateArea(self):

import math

return math.pi(self.radius*2)

Now we can create a list of shapes (either circles or squares) and then print out their areas:

list = [Circle(5),Circle(7),Square(9),Circle(3),Square(12)]

for shape in list:

print "The area is: ", shape.calculateArea()

Now if we combine these ideas with modules we get a very powerful mechanism for reusing code.

Put the class definitions in a module - say 'shapes.py' and then simply import that module when we

want to manipulate shapes. This is exactly what has been done with many of the standard Python

modules, which is why accessing methods of an object looks a lot like using functions in a module.

Inheritance

Inheritance is often used as a mechanism to implement polymorphism. Indeed in many OO languages

it is the only way to implement polymorphism. It works as follows:
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A class can inherit both attributes and operations from a parent or super class. This means that a new

class which is identical to another class in most respects does not need to reimplement all the

methods of the existing class, rather it can inherit those capabilities and then override those that it

wants to do differently (like the paint method in the case above)

Again an example might illustrate this best. We will use a class heirarchy of bank accounts where

we can deposit cash, obtain the balance and make a withdrawal. Some of the accounts provide

interest (which, for our purposes, we'll assume is calculated on every deposit - an interesting

innovation to the banking world!) and others charge fees for withdrawals.

The BankAccount class

Let's see how that might look. First let's consider the attributes and operations of a bank account at

the most general (or abstract) level.

Its usually best to consider the operations first then provide attributes as needed to support these

operations. So for a bank account we can:

Deposit cash,

Withdraw cash,

Check current balance and

Transfer funds to another account.

To support these operations we will need a bank account ID(for the transfer operation) and the

current balance.

We can create a class to support that:

BalanceError = "Sorry you only have $%6.2f in your account"

class BankAccount:

def init(self, initialAmount):

self.balance = initialAmount

print "Account created with balance %5.2f" % self.balance

def deposit(self, amount):

self.balance = self.balance + amount

def withdraw(self, amount):

if self.balance >= amount:

self.balance = self.balance - amount

else:

raise BalanceError % self.balance

def checkBalance(self):

return self.balance

def transfer(self, amount, account):

try:

self.withdraw(amount)

account.deposit(amount)

except BalanceError:

print BalanceError

Note 1: We check the balance before withdrawing and also the use of exceptions to handle errors. Of

course there is no error type BalanceError so we needed to create one - it's simply a string varable!
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Note 2: The transfer method uses the BankAccount's withdraw/deposit member functions or

methods to do the transfer. This is very common in OO and is known as self messaging. It means

that derived classes can implement their own versions of deposit/withdraw but the transfer method

can remain the same for all account types.

The InterestAccount class

Now we use inheritance to provide an account that adds interest (we'll assume 3%) on every deposit.

It will be identical to the standard BankAccount class except for the deposit method. So we simply

overrride that:

class InterestAccount(BankAccount):

def deposit(self, amount):

BankAccount.deposit(self,amount)

self.balance = self.balance * 1.03

And that's it. We begin to see the power of OOP, all the other methods have been inherited from

BankAccount (by putting BankAccount inside the parentheses after the new class name). Notice also

that deposit called the superclass's deposit method rather than copying the code. Now if we modify

the BankAccount deposit to include some kind of error checking the sub-class will gain those

changes automatically.

The ChargingAccount class

This account is again identical to a standard BankAccount class except that this time it charges $5 for

every withdrawal. As for the InterestAccount we can create a class inheriting from BankAccount and

modifying the withdraw method.

class ChargingAccount(BankAccount):

def init(self, initialAmount):

BankAccount.init(self, initialAmount)

self.fee = 3

def withdraw(self, amount):

BankAccount.withdraw(self, amount+self.fee)

Note 1: We store the fee as an instance variable so that we can change it later if necessary. Notice

that we can call the inherited init just like any other method.

Note 2: We simply add the fee to the requested withdrawal and call the BankAccount withdraw

method to do the real work.

Note 3: We introduce a side effect here in that a charge is automatically levied on transfers too, but

that's probably what we want, so is OK.

Testing our system

To check that it all works try executing the following piece of code (either at the Python prompt or

by creating a separate test file).

from bankaccount import *
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First a standard BankAccount

a = BankAccount(500)

b = BankAccount(200)

a.withdraw(100)


a.withdraw(1000)

a.transfer(100,b)

print "A = ", a.checkBalance()

print "B = ", b.checkBalance()


Now an InterestAccount

c = InterestAccount(1000)

c.deposit(100)

print "C = ", c.checkBalance()


Then a ChargingAccount

d = ChargingAccount(300)

d.deposit(200)

print "D = ", d.checkBalance()

d.withdraw(50)

print "D = ", d.checkBalance()

d.transfer(100,a)

print "A = ", a.checkBalance()

print "D = ", d.checkBalance()


Finally transer from charging account to the interest one

The charging one should charge and the interest one add

interest

print "C = ", c.checkBalance()

print "D = ", d.checkBalance()

d.transfer(20,c)

print "C = ", c.checkBalance()

print "D = ", d.checkBalance()

Now uncomment the line a.withdraw(1000) to see the exception at work.

That's it. A reasonably straightforward example but it shows how inheritance can be used to quickly

extend a basic framework with powerful new features.

We've seen how we can build up the example in stages and how we can put together a test program

to check it works. Our tests were not complete in that we didn't cover every case and there are more

checks we could have included - like what to do if an account is created with a negative amount...

But hopefully this has given you a taste of Object Oriented Programming and you can move on to

some of the other online tutorials, or read one of the books mentioned at the beginning for more

information and examples.
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Namespaces

Introduction

What's a namespace? I hear you ask. Well, it's kinda hard to explain. Not because they are especially

complicated, but because every language does them differently. The concept is pretty

straightforward, a namespace is a space or region, within a program, where a name (variable, class

etc) is valid.

They came about because early programming languages (like BASIC) only had Global Variables,

that is, ones which could be seen throughout the program - even inside functions. This made

maintenance of large programs difficult since it was easy for one bit of a program to modify a

variable without other parts of the program realizing it - this was called a side-effect. To get round

this, later languages (including modern BASICs) introduced the concept of namespaces. (C++ has

taken this to extremes by allowing the programmer to create their own namespaces anywhere within

a program. This is useful for library creators who might want to keep their function names unique

when mixed with libraries provided by another supplier)

Python's approach

In Python every module creates it's own namespace. To access those names we have to either precede

them with the name of the moduleor explicitly import the names we want to use into our modules

namespace. Nothing new there, we've been doing it with the sys and string modules already. In a

sense a class definition also creates its own namespace. Thus, to access a method or property of a

class, we need to use the name of the instance variable or the classname first.

In Python there are only ever 3 namespaces (or scopes):


	
Local scope - names defined within a function or method



	
Module scope - names defined within a file



	
Builtin scope - names defined within Python itself are always available.





So far so good. Now how does this come together when variables in different namespaces have the

same name? Or when a name not in the current namespace is referenced? Looking at the former

situation first: If a function refers to a variable called X and there exists an X within the function

(local scope) then that is the one that will be seen and used by Python. It's the programmers job to

avoid name clashes such that a local variable and module variable of the same name are not both

required in the same function - the local variable will mask the global.

In general you should minimize the use of 'global' statements, it's usually better to pass the variable in

as a parameter and then return the modified variable.

The second point, where a name which is not within the current local namespace is referenced, is

resolved as follows: The function will look wihin its local namespace, if it can't find it there it will

then look at the module scope and if not there then at the builtin scope. The only snag with this is

when we want to assign a value to the external variable. Normally this would create a new variable

name, but we don't want that to happen so once more we must specify it as global to ensure we don't

create a local version of the name.

We can see all of this at work in this example (which is purely about illustrating the point!):
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variables with module scope

W = 5

Y = 3


parameters are like function variables

so X has local scope

def spam(X):


tell function to look at module level and not create its own W

global W

Z = X*2 # new variable Z created with local scope

W = X+5 # use module W as instructed above

if Z > W:


print is a 'builtin-scope' name

print "2 x X is greater than X + 5"

return Z

else:

return Y # no local Y so uses module version

Now when we import a module such as sys we make the name sys available locally and then we

can access names within the sys module namespace by qualifying the name as we've seen. If we do:

from sys import exit

we only bring the exit function into the local namespace. We cannot use any other sys names, not

even sys itself.

And BASIC too

BASIC takes the opposite approach to Python by making all variables global by default (for

compatibility with old BASIC programs) but allowing the programmer to create LOCAL variables

within functions too.

Tcl

So far as I can tell there are no namespace controls in Tcl. Possibly because of the unique way Tcl

parses the program. In any case it seems that all variables are local to their immediate surroundings -file

level variables are only visible to commands within the file and procedure variables are only

visible within the procedure. To communicate between the two namespaces you must pass the values

in as parameters.
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Event Driven Programming

So far we have been looking at batch oriented programs. Recall that programs can be batch oriented,

whereby they start, do something then stop, or event driven where they start, wait for events and only

stop when told to do so - by an event. How do we create an event driven program? We'll look at this

in two ways - first we will simulate an event environment then we'll create a very simple GUI

program that uses the operating system and environment to generate events.

Simulating an Event Loop

Every event driven program has a loop somewhere that catches received events and processes them.

The events may be generated by the operating system, as happens with virtually all GUI programs or

the program itself may go looking for events as is often the case in embedded control systems such as

used in cameras etc.

We will create a program that looks for precisely one type of event - keyboard input - and processes

the results until some quit event is received. In our case the quit event will be the space key. We will

process the incoming events in a very simple manner - we will simply print the ASCII code for that

key. We'll use BASIC for this because it has a nice,. easy to use function for reading keys one at a

time - INKEY$.

First we implement the main program body which simply starts up the event gathering loop and calls

the event handling subroutines when a valid event is detected.

' Declare the subroutines that will handle the events

DECLARE SUB dokeyevent (keypress AS STRING)

DECLARE SUB doquitevent (keypress AS STRING)

' First, clear the screen of clutter then warn the user

' of what to do to quit

CLS

PRINT "Hit space to end..."

PRINT

' Now loop forever

WHILE 1

ky$ = INKEY$

length = LEN(ky$)

IF length <> 0 THEN

' send events to event handling functions

IF ky$ <> " " THEN

CALL doKeyEvent(ky$)

ELSE

CALL doQuitEvent(ky$)

END IF

END IF

WEND

Notice that what we do with the events is of no interest to the main body, it simply collects the events

and passes them to the event handlers. This independance of event capture and processing is a key

feature of event driven programming.
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Now we can implement the 2 event handlers. The first, doKeyEvent simply prints out the ASCII

value of the key pressed:

SUB doKeyEvent (keypress AS STRING)

' print valid keystrokes

length = LEN(keypress)

IF length = 1 THEN 'its simple ASCII

PRINT ASC(keypress)

ELSE

IF length = 2 THEN

'its non alphanumeric so use the 2nd char

PRINT ASC(MID$(keypress, 2, 1))

END IF

END IF

END SUB

The doQuitEvent is trivial - it justs STOPs the program!

SUB doQuitEvent (keypress AS STRING)

STOP

END SUB

If we were creating this as a framework for use in lots of projects we would probably include a call to

an initialisation function at the start and a cleanup function at the end. The programmer could then

use the loop part and provide his own initialisation, processing and cleanup functions.

That's exactly what most GUI type environments do, in that the loop part is embedded in the

operating environment or framework and applications are contractually required to provide the event

handling functions and hook these into the event loop in some way.

Let's see that in action as we explore Python's Tkinter GUI library.

A GUI program

For this exercise we'll use the Python Tkinter toolkit. This is a Python wrapper around the Tk toolkit

originally written as an extension to Tcl and also available for Perl. The Python version is an object

oriented framework which is, in my opinion, considerably easier to work with than the original

procedural Tk version. I am not going to dwell much on the GUI aspects of this, rather I want to

focus on the style of programming - using Tkinter to handle the event loop and leaving the

programmer to create the initial GUI and then process the events as they arrive.

In the example we create an application class KeysApp which creates the GUI in the

init method and binds the space key to the doQuitEvent method. The class also defines the

required doQuitEvent method.

The GUI itself simply consists of a text entry widget whose default behaviour is to echo characters

typed onto the display.

Creating an application class is quite common in OO event driven environments because there is a

lot of synergy between the concepts of events being sent to a program and messages being sent to an

object. The two concepts map on to each other very easily. An event handling function thus becomes

a method of the application class.

Having defined the class we simply create an instance of it and then send it the mainloop message.
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The code looks like this:


Use from X import * to save having to preface everything

as tkinter.xxx

from Tkinter import *


Create the application class which defines the GUI

and the event handling methods

class KeysApp(Frame):

def init(self):

Frame.init(self)

self.txtBox = Text(self)

self.txtBox.bind("", self.doQuitEvent)

self.txtBox.pack()

self.pack()

def doQuitEvent(self,event):

import sys

sys.exit()


Now create an instance and start the event loop running

myApp = KeysApp()

myApp.mainloop()

Of course in the BASIC version we printed the ASCII codes of all keys rather than only printing the

alphanumeric versions of printable keys as we do here. There's nothing to prevent us capturing all of

the keypresses and doing the same thing. To do so we would add the following line to the

init method:

self.txtBox.bind("< Key >", self.doKeyEvent)

And the following method to process the event:

def doKeyEvent(self,event):

str = "%d\n" % event.keycode

self.txtBox.insert(END, str)

return "break"

Note 1: the key value is stored in the keycode field of the event. I had to look at the source code of

Tkinter.py to find that out... Recall that curiosity is a key attribute of a programmer?

Note 2: return "break" is a magic signal to tell Tkinter not to invoke the default event processing for

that widget. Without that line, the text box displays the ASCII code followed by the actual character

typed, which is not what we want here.

That's enough for now. This isn't meant to be a tutorial on Tkinter, see the references page for a link

to a good online source. There are also several books on using TK and Tkinter. I will come back to

Tkinter however, in the case study, where I illustrate one way of encapsulating a batch mode program

in a GUI for improved usability.
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A Case Study

For this case study we are going to expand on the word counting program we developed earlier. We

are going to create a program which mimics the Unix wc program in that it outputs the number of

lines, words and characters in a file. We will go further than that however and also output the number

of sentences, clauses, words, letters and punctuation characters in a text file. We will follow the

development of this program stage by stage gradually increasing its capability then moving it into a

module to make it reusable and finally turning it into an OO implementation for maximum

extendability.

It will be a Python implementation but at least the initial stages could be written in BASIC or Tcl

instead. As we move to the more complex parts we will make increasing use of Python's built in data

structures and therefore the difficulty in using BASIC will increase, although Tcl will still be an

option. Finally the OO aspects will only apply to Python.

Additional features that could be implemented but will be left as excercises for the reader are:

calculate the FOG index of the text,

calculate the number of unique words used and their frequency,

create a new version which analyses RTF files

Counting lines, words and characters

Let's revisit the previous word counter:

import string

def numwords(s):

list = string.split(s)

return len(list)

inp = open("menu.txt","r")

total = 0


accumulate totals for each line

for line in inp.readlines():

total = total + numwords(line)

print "File had %d words" % total

inp.close()

We need to add a line and character count. The line count is easy since we loop over each line we

just need a variable to increment on each iteration of the loop. The character count is only marginally

harder since we can iterate over the list of words adding their lengths in yet another variable.

We also need to make the program more general purpose by reading the name of the file from the

command line or if not provided, prompting the user for the name. (An alternative strategy would be

to read from standard input, which is what the real wc does.)

So the final wc looks like:

import sys, string
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Get the file name either from the commandline or the user

if len(sys.argv) != 2:

name = raw_input("Enter the file name: ")

else:

name = sys.argv[1]

inp = open(name,"r")


initialise counters to zero; which also creates variables

words = 0

lines = 0

chars = 0

for line in inp.readlines():

lines = lines + 1


Break into a list of words and count them

list = string.split(line)

words = words + len(list)

chars = len(line) # Use the original line length which includes spaces etc.

print "%s has %d lines, %d words and %d characters" % (name, lines, words, chars)

inp.close()

If you are familiar with the Unix wc command you know that you can pass it a wild-carded filename

to get stats for all matching files as well as a grand total. This program only caters for straight

filenames. If you want to extend it to cater for wild cards take a look at the glob module and build a

list of names then simply iterate over the file list. You'll need temporary counters for each file then

cumulative counters for the grand totals. Or you could use a dictionary instead...

Counting sentences instead of lines

When I started to think about how we could extend this to count sentences and words rather than

'character groups' as above, my initial idea was to first loop through the file extracting the lines into a

list then loop through each line extracting the words into another list. Finally to process each 'word'

to remove extraneous characters.

Thinking about it a little further it becomes evident that if we simply collect the words and

punctuation characters we can analyse the latter to count sentences, clauses etc. (by defining what we

consider a sentence/clause in terms of punctuation items). This means we only need to interate over

the file once and then iterate over the punctuation - a much smaller list. Let's try sketching that in

pseudo-code:

foreach line in file:

increment line count

if line empty:

increment paragraph count

split line into character groups

foreach character group:

increment group count

extract punctuation chars into a dictionary - {char:count}

if no chars left:

delete group

else: increment word count

sentence count = sum of('.', '?', '!')

clause count = sum of all punctuation (very poor definition...)
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report paras, lines, sentences, clauses, groups, words.

foreach puntuation char:

report count

That looks like we could create maybe 4 functions using the natural grouping above. This might help

us build a module that could be reused either whole or in part.

Turning it into a module

The key functions are: getCharGroups(infile), and getPuntuation(wordList). Let's see what we come

up with based on the pseudo code...




Module: grammar

Created: A.J. Gauld, 2000,8,12

# Funtion:

counts paragraphs, lines, sentences, 'clauses', char groups,

words and punctuation for a prose like text file. It assumes

that sentences end with [.!?] and paragraphs have a blank line

between them. A 'clause' is simply a segment of sentence

separated by punctuation(braindead but maybe someday we'll

do better!)

# Usage: Basic usage takes a filename parameter and outputs all

stats. Its really intended that a second module use the

functions provided to produce more useful commands.



import string, sys




initialise global variables

para_count = 1

line_count, sentence_count, clause_count, word_count = 0,0,0,0

groups = []

alphas = string.letters + string.digits

stop_tokens = ['.','?','!']

punctuation_chars = ['&','(',')','-',';',':',','] + stop_tokens

for c in punctuation_chars:

punctuation_counts[c] = 0

punctuation_counts = {}

format = """%s contains:

%d paragraphs, %d lines and %d sentences.

These in turn contain %d clauses and a total of %d words."""




Now define the functions that do the work

def getCharGroups(infile):

pass

def getPunctuation(wordList):

pass

def reportStats():

format % (sys.argv[1],
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para_count, line_count, sentence_count,

clause_count, word_count)

def Analyze(infile):

getCharGroups(infile)

getPunctuation(groups)

reportStats()


Make it run if called from the command line (in which

case the 'magic' name variable gets set to 'main'

if name == "main":

if len(sys.argv) != 2:

print "Usage: python grammer.py "

sys.exit()

else:

Document = open(sys.argv[1],"r")

Analyze(Document)

Rather than trying to show the whole thing in one long listing I'll discuss this skeleton then we will

look at each of the 3 significant functions in turn. To make the program work you will need to paste

it all together at the end however.

First thing to notice is the commenting at the top. This is common practice to let readers of the file

get an idea of what it contains and how it should be used. The version information(Author and date)

is useful too if comparing results with someone else who may be using a more or less recent version.

The final section is a feature of Python that calls any module loaded at the command line

"main" . We can test the special, built-in name variable and if its main we know the

module is not just being imported but run and so we execute the trigger code inside the if.

This trigger code includes a user friendly hint about how the program should be run if no filename is

provided, or indeed if too many filenames are provided.

Finally notice that the Analyze() function simply calls the other functions in the right order. Again

this is quite common practice to allow a user to choose to either use all of the functionality in a

straightforward manner (through Analyze()) or to call the low level primitive functions directly.

getCharGroups()

The pseudo code for this segment was:

foreach line in file:

increment line count

if line empty:

increment paragraph count

split line into character groups

We can implement this in Python with very little extra effort:


use global counter variables and list of char groups

def getCharGroups(infile):

global para_count, line_count, groups
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try:

for line in infile.readlines():

line_count = line_count + 1

if len(line) == 1: # only newline => para break

para_count = para_count + 1

else:

groups = groups + string.split(line)

except:

print "Failed to read file ", sys.argv[1]

sys.exit()

Note 1: We have to use the global keyword here to declare the variables which are created outside of

the function. If we didn't when we assign to them Python will create new variables of the same name

local to this function. Changing these local variables will have no effect on the module level (or

global) values

Note 2: We have used a try/except clause here to trap any errors, report the failure and exit the

program.

getPunctuation()

This takes a little bit more effort and uses a couple of new features of Python.

The pseudo code looked like:

foreach character group:

increment group count

extract punctuation chars into a dictionary - {char:count}

if no chars left:

delete group

else: increment word count

My first attempt looked like this:

def getPunctuation(wordList):

global punctuation_counts

for item in wordList:

while item and (item[-1] not in alphas):

p = item[-1]

item = item[:-1]

if p in punctuation_counts.keys():

punctuation_counts[p] = punctuation_counts[p] + 1

else: punctuation_counts[p] = 1

Notice that this does not include the final if/else clause of the psudo-code version. I left it off for

simplicity and because I felt that in practice very few words containing only punctuation characters

would be found. We will however add it to
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Books   Web Sites   Project Ideas   Study Topics  

Books to read

PythonLearning Python

Mark Lutz - O'Reilly press. Probably the best book on programming Python if you already know

another language. Typical O'Reilly syle, so if you don't like that you may prefer:

Internet Programming with Python

Guido Van Rossum et al - ??? Written by the language's creator with a strong bias to internet

programming including HTML, CGI and general sockets. It does have a general language tutorial

at the beginning though.

Programming Python

Mark Lutz - O'Reilly press. The classic text. It describes the why's and wherefores of the

language better than the others, strong on modules and OOP. Also gives an intro to GUI

programming.

Tcl

Tcl and the Tk toolkit

John Ousterhout - Addison wesley. The classic on Tcl by the language's creator. Very much a

reference book and rather out of date now. It needs a 2nd edition. The Tk section is of interest to

any Tk user regardless of language (Tk is a GUI library and is implemented on Tcl, Perl and

Python).

There are several other Tcl/Tk books but I have no personal experience with any but Ousterhout.

BASIC

There are many many books on BASIC covering each of its many dialects. If you are serious in

pursuing programming in BASIC, especially on rthe PC then I strongly recommend using Visual

Basic and studying any of the many many books on that version.

General Programming

There are some classic programming texts that any serious programmer should own and read

regularly. Here are my personal favourites:

Code Complete

Steve McConnell - Microsoft Press. This is the most complete reference on all things to do with

writing code that I know. I read it after several years of experience and it all rang true and I even

learnt some new tricks. It literally changed the way I wrote programs. Buy it. Now!

Programming Pearls

Jon Bentley - Addison Wesley. There are two volumes, both invaluable. Bentley shows how to

improve the efficiency of your programs in every conceivable way, from concept through design

to implementation.
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These are part of a programming library that came out of Bell Labs in the 1980's in the wake of

Unix. There are so many classics in this series that I will simply say that anything from the pens

of Ken Thompson, Jon Bentley, Dennis Ritchie, Andrew Keonig and the rest at Bell Labs is

worth reading. The styles may vary but the content is pure gold.

Algorithms by Donald Knuth

This is a set of books describing fundamental algorithms that are used by programmers over and

over again. Heavy going, and a bit mathematical but, if you are concerned about the efficiency

and absolute correctness of your programs, they are worth searching out. The whole set has

recently been reissued with some updates.

Object Oriented Programming

I've already mentioned these, but here they are again anyway:

Object Oriented Analysis

Peter Coad & Ed Yourdon. - A great intro to OO concepts with a very simple notation for

recording your designs. As an added bonus the notation is very similar to the new Unified

Modelling Language (UML) standard that is being adopted by most books, tools and journals.

Object Oriented Analysis and Design with Applications

Grady Booch - Benjamin Cummings. This is another excellent book, moving more into the detail

of designing classes and objects.The 1st edition, if you can find it, illustrates the lessons in 5

different OO languages whereas the second edition only uses C++ and is the poorer for it. It uses

Booch's own notation which in my opinion is still the best notation so far seen but it is being

eclipsed by UML and so is effectively obsolete. Booch is reputed to be bringing out a new edition

using UML, but it's been a long time coming...

Object Oriented Software Construction (2nd Ed)

Bertrand Meyer. Meyer has his own OOP language - Eiffel and uses it to teach OO very

effectively. Because Eiffel is (unfairly) a bit of a minority interest the book takes a little extra

effort to read. It is undoubtedly worth it for the sheer breadth of coverage of the current OO

technology scene.

Other books worth reading are:

Object Oriented Design Patterns

Gamma, Johnson et al. A revolutionary book when it came out. It contains a number of common

OO design patterns and, perhaps more importantly, a notation for documenting them. There is

now a flourishing patterns discussion and a dedicated web site with many additional patterns as

well as variations of the ones in the book.

From Clouds to Code

Jesse Liberty(Wrox Press). This book takes you through the process of building a real OO

application - warts and all. Its rather like our Case study but much bigger and includes use of

design tools like UML.

Web sites to visit

Languages

Python

The Python web site
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Mark Hammond's Python Starship connecting MS Windows and Python.

A Web Server development environment using Python.

TclThe definitive Tcl site at the time of writing - it has a habit of moving!

BASIC

The Microsoft web site for VB info

There are other online web sites for VB resources: components, tips, chat-rooms etc.

Other languages of interest

java, javascript, perl, smalltalk, Borland

Programming in General

Try finding some general programming links pages on Yahoo etc. There are several good ones out

there, I have no particular favourite.

Object Oriented Programming

The Cetus page again

some specifics

Rational Corp make upmarket tools and host some useful information about OO development

methods and the new UML modelling notation.

Projects to try

There are several ideas for projects listed in the tutorial. In addition I will give some ideas here, in

approximately ascending order of difficulty. Most will be achievable with the skills learn't here but

all of them can be improved by checking the documentation that comes with Python for alternatives.

A couple will definitely require that you start digging for yourself, recall that one of the requirements

of a good programmer was curiosity!

Extend the grammar checker to include the extra facilities mentioned.

Build a database of your CDs and a search facility to locate them again. Maybe also to record

the last time or frequency that you play them.

Create a tool to generate HTML pages which display a list of the files in a directory as links

(so that you can open them by clicking).

Topics for further study

GUI with Tk

Web programming - CGI

Toolkits

FrameworksReferences
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Databases

That's all there is. If you'd like to send me feedback on any aspect of the tutorial

then send me mail.

Thanks for getting here!

If you have any questions or feedback on this page send me mail at: alan_gauld@xoommail.com
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