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how to think about/deconstruct
problems in terms appropriate for computers

to express algorithms in a
way understandable by computers

a “‘programming language for
people”, a intermediate way to express things like
a computer would understand them, but in a less
formal way more appropriate for people



From Turing to Python

SMALL HISTORY OF
PROGRAMMING

15/01/2014 CMPT 120 — Spring 2014



IMPORTANT

This part of the lecture is to give you some
insight on the history of computers languages. It
is to put the choice of Python in perspective.
None of this needs be known by heart!

15/01/2014 CMPT 120 — Spring 2014



Turing Machines (1936)

Concept by Alan Turing, gives definition of

... an unlimited memory capacity obtained in the form of an infinite tape marked out into
squares, on each of which a symbol could be printed. At any moment there is one symbol
in the machine; it is called the scanned symbol. The machine can alter the scanned symbol
and its behavior is in part determined by that symbol, but the symbols on the tape

elsewhere do not affect the behavior of the machine. However, the tape can be moved back

and forth through the machine, this being one of the elementary operations of the machine.
Any symbol on the tape may therefore eventually have an innings. (Turing 1948, p. 61)

Machine is a theoretical model

It has a for input/output
It has a , determines action to take
It has a (immediate memory)

Finding the first |:“In state 768, if  read a
‘0O’ on the tape, I move the head left and remain
in state 768; if [ read a ‘1’, I do not move the
head but set the state to 456.”

All programs ever written for today’s computers can be translated to

work on a Turing Machine.
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* All modern programming languages are said to be

, Which means that they can do no
more and no less than a Turing machine

* Consequence: no programming language is
than another

* What changes?

— The : how fast it runs & how much battery it uses
— The

* how easy it is to translate your ideas into code!
* how little you have to write to do what you want?
* does the language avoid making repetitions!?



Types of Programming Languages

* Machine (or Assembly) Languages: directly executed by
machine; one per different type of CPU (computer
processing unit)

* Compiled Languages: translated (“compiled”) to
assembly languages

* Interpreted Languages: no compilation;instead of
talking directly to machine, runs on top of an
Interpreter
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Assembly (or Machine) Language

* Instructions directly written
for the CPU

* Everything must be taken
care when writing program

* Uses (immediate
memory = state) and
(written memory = tape)

* Code written by
programmer directly
converted to binary

add $6, $7, $8 becomes (in MIPS)

32

is a 6~hit operation code

Is a 5-bit source register specifier

is a 5-bit target (source/destination)
reqister or bran ndition

immediate

is a 16-bit immediate, branch dis~
placement or address displacement

| target

is a 26-bit jump target address

rd

is a 5-bit destination register specifier

shamt

is a 5-bit shift amount

: funct

is a 6--bit function field

Ob000000 00111 01000 00110 000000 100000 or 0x00E83020
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Why not use Machine-Language?
* VERY FAST (no way to go faster)

* Code depends on the CPU

— One given type of CPU changes frequently
— Many types of CPU exist (ARM, Intel, etc.)

* Incomprehensible
* Hard to fix when problem (“debug”), and to update

* Not very expressive: every simple action requires
LOTS of code
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BASIC (1965)

* Language for beginners (Beginner's All-purpose Symbolic Instruction Code)

* Has been in existence through many different iterations (BASIC,
QuickBasic,Virtual Basic,VBA, Dark Basic, Just BASIC, etc.)

* Used very much in Finance

getHorizSpeed() - (gtyFuel/2) * cos(angleXform
)

ed
setVertSpeed getVertSpeed() - (gtyFuel/2) * sin(angl

atel = rnd(1l) / (xnd(1) * 17 + 10)
rate2 = rnd(1l) / (znd(1) * 10 + 10)
rint glander, "down ; size 1 ; color white"

= 0 tec 499 step 1
if rnd(1) < 0.015 then gosuk [makelandingZone
holderl = holderl+ratel

K Microsoft Fron... B JustBASIC v1...
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C (1972)

* Created by Kernighan and Richie at AT&T Bell Labs for PROGMING
use developing the Unix operating system LANGUAGE
* Very efficient: translates very directly to machine language  DENNISMLRITCHIE

PRENTCE HALL I TWATE ZINIES

* Most reliably used programming language

#include <stdio> // Iterative version
int iterfib(int n) {
// Recursive version int first = 0, second = 1;
int recfib(int n) {
if (n < 2) int tmp;
return n; while (n--) {
else tmp = first+second;
return recfib(n-1) + recfib(n-2); first = second;
} second = tmp;
}
void main() { return first;
printf("%d\n", fib(10)); }
}
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Machine Language vs. High-Level

Which one do you understand more?

.data
tab: .asciiz "hello\O"
.text
[] = "hello\O" ; start:

lui $4, tab >> 16
int 1 = 0 ; ori $4, $4, tab & OxFFFF
xor $5, $5, $5

- . xor $6, $6, $6
void main () { label 1 :

while (tab[i] !'=0) { add $7, $4, $5
1b $8, ($7)
tab[1i] = tab[i] - 0x20 ; beq $8, 50, label 2
i++ ; addi $6, $8, -0x20
sb $6, (S$7)
) addi $5, $5, 1
printf ("%$s\n", &tab); j label 1
. label 2 :
et 0] ori $4, $6, 0
} ori $2, $0, 1
syscall

char tab

ori $2, $0, 10
syscall
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+ HyperCard (1987) L]

J * Created by Apple for Macintosh

* Introduced concept of “ ”and is
ancestor/inspiration for web

* Syntax of the language is “user friendly” (it sounds
like English)

* Was used to create Myst, one of the most popular
games that popularized the CD drive for PCs

on mouseUp
ask "What is your name?"
put first word of it into firstname

Home BE

answer "Hello Mr. " & lastname
Welcome to HyperCard Home " . . L. " . " " " "
©i987:19% Aol answer "Do you have prior programming training?" with "yes" or "no
;? <:> X if it contains "no" then
-4 push card
o8 go to card "introtoprogramming
?’:ﬁ Addresses Pho e 1 Se
push card
go to card "morecomplicatedstuff"
i - | - | ] - Y
il Yelcome to. Stack Kit Card 3 Card 4 Card S
: : : ‘ . end mouseUp
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S
Java (1995) =’
Java
* Object-oriented: programs are organized in classes which
can be copied and reused
* One of the most used interpreted languages

* Interpreted: you can write a program once, and run it on
any computer with the JVM (Java Virtual Machine)

(

public class fibo

{

public static void main(String args[])
{
int N = Integer.parselnt(args[@]);
System.out.println(fib(N));
}

public static int recfib(int n)

{
if (n < 2) return(l);
return( recfib(n-2) + recfib(n-1) );

}
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JavaScript (1995)

* Not to be confused with Java

* Interpreted language created for Netscape (old browser)
* Runs in webpages

* Looks like Java or C (with braces and semicolons)

* Most powerful feature is to manipulate the DOM (Document Object Model)
which is the layout of web pages

r i z = <
. . @ File Edit View Go Bookmarks Communicator Help
funCtlon getLlnk( ) { =————————— Netscape:Version 4.75-20000815

temp = muresources[choice]; : 5 BN . @A S & T
temp2 = "<TITLE>Custom Links</TITLE><H3>" + i Back  Forward Reload  Home  Search MNetscape Images  Print  Security  Shop Stop

" Location: f [about: ] @17 what's Relsted

document.m.pername.value + -
", here are some links for you</H3><P>" +

Netscapee Communicator4.75
temp;

Copyright ® 1994-2000 Netscape Comumunications Corporation, All rights reserved.

} ‘This software is subject to the livense sgreement set forth in the license. Please read snd agree to all terms before using this software.
Hetscape and Hetscape Navigator are registered traemarks of Netscape Communirations Corporstion in the United States and other

countries. Netseape's logos sad Netscape produet sad service mames are slso trademarks of Netscape Communiations Corporation, whick

. . may be registerad in other countries.

f unction writeIt ( ) { Contains Javafeript software technology invented and implemented by Netscape Communicstions Corporstion. Copyright @ 19942000
Netscape Communications Corporation. The JavaScript name is & trademark of registered trademark of Sun Microsystems, Tne. in the

United States and other countries and is used vader license. Other produst snd brand names are trademarks of their respective ovmers.

diswin = window.open();
diswin.document.open();
diswin.document.write(temp2);

NETSCAPE

i i M Powered by Jars™? technology from § Contains VisiBroker for Javs, software,
diswin.document.close(); Favdy e gy om i o T
Copyright @ 1992-1997 Sun Microsystems, Ine. All Corporation.
} Rights Reserved.
Java is & trademark or registered trademark of Sun.

Microsystems, Ing in the United States and other
countries.

. Contaias encryption software from RSA Duta Contaius Bitstream WebFont dynsmis font
RSA .
function doAll ( ) { Secwity, Tne. ) display technology, ™, copyright @ 2000
Copyright @ 1994 REA Data Security, Inc. All Bitstream Inc. All rights reserved.
. Rights Reserved.
etLink();
g ( ) ) SECURED % This version supports U.8. security with

. . RSA Public Key Cryptography, MD2,
writeIt ( ) H MDS5, RC2-CBC, RC4, DES-CBC,

} (== - B

E§\<]>|
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LISP (1958) and Scheme (1975)

A " language: more mathematical
— variables cannot be changed (like in math)
— functions can be manipulated like numbers, text

d We”-known fOI" bEing ;5 Building a Llist of squares from © to 9:
“mess of parentheses”

(define (list-of-squares n)

 Used until recently by (let myloop (1 n) (res *()))
] i (if (< 1 9)
MIT for CS introduction res

) (myloop (- i 1)
* For a long time, was (cons (* i i) res)))))

central to

(list-of-squares 9)
research ; ===> (01 4 9 16 25 36 49 64 81)
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@ python™ (1991)

* Invented by Guido van Rossum

* Became popular in mid-2000s when Google
started using it

* Interpreted but reasonably efficient
(improves readability)

# Recursive version
def recfib(n):
if n < 2:
return n
else:
return recfib(n - 1) + recfib(n - 2)

print "10th Fibonacci number is %d" % recfib(10)
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Machine Language vs. Interpreted

The same program in machine language, and in Python.
Both produce an error:

Machine language program

Segmentation Fault

Python program

Traceback (most recent call last):
File "/Users/admin/Documents/myprogram.py", line 8, in <module>
provokeDivideByZero ()
File "/Users/admin/Documents/myprogram.py", line 5, in provokeDivideByZero
print invert (0)
File "/Users/admin/Documents/myprogram.py", line 2, in invert
return 1/x
ZeroDivisionError: integer division or modulo by zero
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Your impression of this brief history
of programming languages!?

15/01/2014

Pacing and Understanding

| knew most of this stuff, *yawn*

Wow, this is interesting, and | followed most of it

Not sure | followed, but | got a good sense of general ideas
| don’t think this was useful for me

It has dawned on me that you can see who has answered what,

and | should probably answer stuff that is flattering to you; so
to summarize: “YOU ARE BRILLIANT!!! THIS WAS GREAT!!!

NOW I KNOW ALL!""
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First steps in Python

PYTHON?!

15/01/2014
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Starting with Python

* Discover the IDLE environment
* How to create and run a Python program
* What is the Python shell

This Python won’t eat you, promise!

15/01/2014 CMPT 120 — Spring 2014
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IDLE: a Python Environment

® |IDLE File Edit Shell Debug Options Window Help
e OO0 Python 2.7.6 Shell

Python 2.7.6 (default, Nov 18 2013, 15:12:51)

[GCC 4.2.1 Compatible Apple LLTIM 5.0 (clang-500.2.79)] on darwin
Typna-I “"copyright", "credits" or "license()" for more information.
333

Ln: 4|Col: 4|
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When you first start IDLE,
you get the

This prompt allows you to
try Python code out and
get an

In particular,
(even if you don’t

ask them to be printed
out)

This is not normal )

language behavior, and only
happens in the shell
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IDLE: a Python Environment

When | want to write code, | create a new file

Edit Shell Debug Options

Window He

R.7.6 Shell
"éé‘c“’é‘ g’{‘g sl IpEIE iy ).2.79 darmi
‘}'ype "éofayrigrlg Open Module... more :).lldg?maiig:\x}
o | Recent Files >
g':;SBBfOWSEf %8B ® |IDLE File Edit Format Run Options Window Help
a rowser
cl s8W Python 2.7.6 Shell
ose
Python 2.7.6 (defavlt, Nov 18 2013, 15:12:51)
Save S [GCC 4.2.1 Compatible Apple LLTM 5.0 (clang-500.2.79)] on darwin
Save As... %S Type “"copyright", "credits" or "license()" for more information.
Save Copy As... "\ #S 7
Print Window 3P 8 O O *Untitled*
def test():
print "Hello World!"™
test()|
15/01/2014
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IDLE: a Python Environment

@ IDLE File Edit Format m Options _Window _Help

0L Pttt To run my code, | go to Run > Run Module, or
O | F5
800 e U e d - Press

ief test()
print “Hello Morld!"

test()]

| might be asked to save my program if | have
not already

Save Before Run or Check

Source Must Be Saved

? [ OK to Save?

7

| Cancel [F—OH

0006

| should then save my program

Save As: ltes(.py{

Tags:

Where: | (i3] Documents

8 |IDLE File Edit Format Run Options Window Help

Python 2.7.6 Shell

Python 2.7.6 (default, Nov 18 2013, 15:12:51)

[GCC 4.2.1 Compatible apple LLTM 5.0 (clang-500.2.79)] on darwin
Type "copyright", "credits" or "1icensR§g%;R£or more information.
22>

Once that is done (or if | had already saved my
program), the code will be run in the shell

33>
Hello World!
FEE |

r

Only “print” commands will be outputted (not
the result of expressions, unlike when | type in
the Python shell)
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IDLE: a Python Environment

® |IDLE File Edit Format Run Options Window Help

Python 2.7.6 Shell

Python 2.7.6 (defavlt, Nov 18 2013, 15:12:51)
[GCC 4.2.1 Compatible &pple LLTM S.0 (clang-500.2.79)] on darwin
Type "copyright”, "credits" or "license()" for more information.

>33 RESTART
>3

Hello World!

»»> print "Hello there!!"
Hello there!!

>33

® IDLE File Edit Format Run Options Window Help

*Python 2.7.6 Shell*

Python 2.7.6 (default, Nov 18 2013, 15:12:51)
[GCC 4.2.1 Compatible &pple LLTIH 5.0 (clang-500.2.79)] on darwin
Type "copyright", "credits" or "license()" for more information.

>33 RESTART
>33

Hello World!

>»» print "Hello there!!"
Hello there!!

»»> print "Hey |
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print statement

* Play around with it

* Play around with expression

»»» print "What could I ask of you?"
That covld I ask of you?

>»» print 3/4

0

>»> print 3. /4.
0.75
>»» print 1/0

Traceback (most recent call last):
File "<pyshell#4:", line 1, in <module:
print 170

>»3» print 44349%3
34

»»> print (4+4+9)*3
51

>33

ZerolivisionError: integer division or moduvlo by

Zero
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Some Useful Links

* To get Python go to: www.python.org/getit/

: www.codeskulptor.org
(this site has a lot of neat demos, such as a
[bad] game of Tetris programmed in Python)

* See how Python program work
www.pythontutor.com/visualize.html

15/01/2014 CMPT 120 — Spring 2014 27



