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Lecture 5: Binary world of a computer –
a closer look and numerical effects

- Review: binary numeral system
- Floating point representation
- Numerical behaviour
- Runtime behaviour (a short look)
- Character codes
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Review: binary numeral system

The simplification  is also used w hen a conversion  betw een 
technical representations of numbers must be done. N ow  
w e w ant to represent the binary numbers from  0dez to 9dez

w ith a 7-segm ent-display. But w e just have a look for one 
segm ent segm ent (see graphic). G ive a simplified form  for 
the conversion  into that segm ent (advice for final test: task 
type could be sim ilar w ith changed truth table values).

??
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Review: binary numeral system

� Origins at China and also developed by the mathematician Leibniz 
(17th century AD)

� Positional numeral system which represents each number just with 2 symbols, 
0 and 1

� These values can be represented by voltage levels in electronic circuits
� For human use very inefficient but with electronic circuits it is possible to create
very efficient arithmetic and logic units (ALUs) for the basic operations addition, 
subtraction, multiplication and division

See: Rembold, Ulrich et. al.: Einführung in die Informatik für Naturwissenschaftler und Ingenieure. Hanser München Wien 1991
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Review: binary numeral system

1  0  1  1  0  0  1  0 bin
e.g.

0 * 20 = 0 * 1 =     0dec

1 * 21 =  1 * 2     =     2dec

0 * 22 =  0 * 4            =     0dec

0 * 23 =   0 * 8                 =     0dec

1 * 24 =  0 * 16                       =   16dec

1 * 25 =  0 * 32                             =   32dec

0 * 26 =  0 * 64                                    =     0dec

1 * 27 =  0 * 128                                       = 128dec

= 178dec

= 1 Byte
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Review: binary numeral system

1  7  8 dec
e.g.

178 / 2  =   89dec Rest 0bin
89 / 2  =   44dec Rest 1bin
44 / 2  =   22dec Rest 0bin
22 / 2  =   11dec Rest 0bin
11 / 2  =     5dec Rest 1bin
5 / 2  =     2dec Rest 1bin
2 / 2  =     1dec Rest 0bin
1 / 2  =     0dec Rest 1bin

1  0  1  1  0  0  1  0 bin
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24 23 22 21 20 Dez.

0 0 0 0 0 0

0 0 0 0 1 1

0 0 0 1 0 2

0 0 0 1 1 3

0 0 1 0 0 4

0 0 1 0 1 5

0 0 1 1 0 6

0 0 1 1 1 7

0 1 0 0 0 8

0 1 0 0 1 9

0 1 0 1 0 10

0 1 0 1 1 11

0 1 1 0 0 12

0 1 1 0 1 13

0 1 1 1 0 14

0 1 1 1 1 15

…

Review: binary numeral system

Punchcards and the binary numeral system

See: Rembold, Ulrich et. al.: Einführung in die Informatik für Naturwissenschaftler und Ingenieure. Hanser München Wien 1991

Representation of an integer number:
e.g.
0*24 + 0*23 + 1* 22 + 1* 21 +1*20  =  7dez

Important number systems:
Dual => 2x

Octal => 8x

Decimal => 10x

Hexadecimal => 16x

http://lochkarte.know-library.net/
10.06.2007

Punchcards
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Review: binary numeral system

Basic arithmetic operations on integer numbers
Addition, Subtraction, Multiplication, Division

e.g.      1710
+   710

1 

2410

e.g.     100012
+ 001112

1 1 1 

110002

Addition:
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- Review: binary numeral system
- Floating point representation
- Numerical behaviour
- Runtime behaviour (a short look)
- Character codes

Lecture 5: Binary world of a computer –
a closer look and numerical effects

In cooperation with Karin Hedman
karin.hedman@bv.tum.de
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Floating point representation

Sign(s) x        Mantissa(m)      x Base(b) +/-Exponent(e)

(-1)v x (mt-1,mt-2,…,m1,m0)2 x 2
(es-1,es-2,…,e1,e0)2-Offset

Standard IEEE 754:

e.g. 1                = + 0.1 x 10+1

3.1415926 = + 0.31415926 x 10+1

e.g. 1 = (-1)0 x (1)2 x 2 (01111111)2-(01111111)2

[1]

This means as consequence for floating point number s:
- Approximation of a real number
- Set of floating point numbers is a finite subset o f the rational numbers
- Together with the on them defined operations they build a finite arithmetic 

[See: http://www5.in.tum.de/lehre/vorlesungen/konkr_math/06_07/prog/PA1/AngabePA1.pdf, 10.06.2007
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Floating point representation

Basic arithmetic operations on floating point numbe rs
Addition, Subtraction, Multiplication, Division

e.g.      3.46620   x 1012
10Addition:

[1] See: Precht, Manfred; Meier, Nikolaus; Kleinhein, Joachim: EDV-Grundwissen. Eine Einführung in Theorie und Praxis der modernen 
EDV. Addison-Wesley (Deutschland) GmbH Bonn 1994

0.346620 x 1013
10

+ 0.211900 x 10-2
10

+ 0.211900 x 10-2
10

0.346620 x 1013
10

+ 0.000000000000211900 x 1013
10

0.346620 x 1013
10

+ 0.000000000000211900 x 1013
10

Integer-Addition
(see slide before)

Problem:
The second number is so small 
that it only will be representated 
as 0 with given decimal places. 
So the addition doesn‘t change 
the result even when the 
second number is added very 
often!
=> absorption-problem
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- Review: binary numeral system
- Floating point representation
- Numerical behaviour
- Runtime behaviour (a short look)
- Character codes

Lecture 5: Binary world of a computer –
a closer look and numerical effects

In cooperation with Karin Hedman
karin.hedman@bv.tum.de
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Floating point representation

Attributes of floating point numbers:

[1] See: http://de.wikipedia.org/wiki/Gleitkommazahl, 10.06.2007

� Cancellation: Subtraktion of numbers with equal dimensions produces
wrong results

� Absorption: The addition or subtraction of a big number and a very
small number doesn‘t change the big number

� Underflow: Numbers lower than minimal presentable floating point
numbers becomes 0

� Invalid associative law: (x + y) + z = x + (y + z)

� Invalid distributive law: x (y + z) = (xy) + (xz)

� Solutions for not solvable equation systems can be found

� Konversion inaccuracies between decimal and dual system

� Representation problems of simple decimal numbers (0.1 is
sometimes represented as 0.09999..)

� Risk of deterministic chaos while using iterative calculations
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Numerical behaviour – the limitative world for repre sentation
Types and their limitations

This means as consequence for floating point number s: Roundoff errors
=> But are these errors a problem, when we are only  interested in a view 
decimal places after the decimal point?

Not all numbers can be represented, e.g. 2/3 = 0,666667 (Float)
(Dependent on computer operating system)

Windows XP (MSVC++) Debian Linux (G++)

1.175494e-38 3.402823e+38
2.225074e-308 1.797693e+308
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Numerical behaviour – an experiment

The Lorentz – experiment (1956) [1]

[1] See: Peitgen, Heinz-Otto; Jürgens, Hartmut; Saupe, Dietmar: Bausteine des Chaos. Fraktale. Rowohlt Taschenbuch Verlag GmbH 
Hamburg 1998 (Orig.: Fractals for the Classroom. Part 1. Springer Verlag New York 1992)

Simulation of meteorological forecast methodes with 12 equations which
have none-periodic solutions
Verification of some intermediate data with a small computer
Results of a previous calculation as starting conditions for a following
The solutions changed, the computer has changed it‘s behaviour
The rounding of 6 decimal places to 3 caused an effect with a dimension of
signal strength when 2 month models were calculated
Observation/Calculation inaccuracies grow very fast (exponentially)

=> Longterm forecasts aren‘t possible even when the models would be
perfect
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Numerical behaviour – an experiment

A simple equivalent to the Lorentz – experiment [1]: Verhulsts logistic model of 
population dynamics

pn+1 = pn + rpn (1-pn)

Prediction of a population in a limited habitat (e.g. some organisms in 
a petri dish)
The expansion rate depends on the current population based on the
maximal population
The expansion rate at time n is proportional to the difference of current
and maximal population (degree of habitat which is not yet populated)

[1] See: Peitgen, Heinz-Otto; Jürgens, Hartmut; Saupe, Dietmar: Bausteine des Chaos. Fraktale. Rowohlt Taschenbuch Verlag GmbH 
Hamburg 1998 (Orig.: Fractals for the Classroom. Part 1. Springer Verlag New York 1992)
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Numerical behaviour – an experiment

[1] See: Peitgen, Heinz-Otto; Jürgens, Hartmut; Saupe, Dietmar: Bausteine des Chaos. Fraktale. Rowohlt Taschenbuch Verlag GmbH 
Hamburg 1998 (Orig.: Fractals for the Classroom. Part 1. Springer Verlag New York 1992)

The problem with Verhulsts logistic model of populat ion dynamics in the 
limitative world of the computer [1]

0,010000000000000 0,039700000000000
0,039700000000000 0,154071730000000
0,154071730000000 0,545072626044421
0,545072626044421

pn pn+1 = pn + rp n (1-pn)

The amount of necessary decimal places, to represen t the correct result,  grows 
very fast (exponential).
=> But in a computer, there are limited type repres entations
=> Roundoff erros
=> Error propagation

E.g.: starting value for p is 0,01 (r = 3)
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Numerical behaviour – an experiment

Let’s compare FLOAT (6 dec. places) - and 
DOUBLE (15 dec. places)-representations

E.g.: starting value for p is 0,01 (r = 3)

ITERATION FLOAT DOUBLE DIFFERENCE
0 1,00% 1,00% 0,00%
1 3,97% 3,97% 0,00%
2 15,41% 15,41% 0,00%
3 54,51% 54,51% 0,00%
4 128,90% 128,90% 0,00%
5 17,15% 17,15% 0,00%
6 59,78% 59,78% 0,00%
7 131,91% 131,91% 0,00%
8 5,63% 5,63% 0,00%
9 21,56% 21,56% 0,00%

10 72,29% 72,29% 0,00%
11 132,38% 132,38% 0,00%
12 3,77% 3,77% 0,00%
13 14,65% 14,65% 0,00%
14 52,16% 52,17% 0,00%
15 127,02% 127,03% 0,00%
16 24,05% 24,04% -0,01%
17 78,84% 78,81% -0,03%
18 128,89% 128,91% 0,02%
19 17,19% 17,11% -0,08%
20 59,90% 59,65% -0,25%
21 131,96% 131,86% -0,10%
22 5,44% 5,84% 0,40%
23 20,86% 22,33% 1,47%
24 70,38% 74,36% 3,98%
25 132,92% 131,56% -1,36%
26 1,65% 7,00% 5,36%
27 6,50% 26,54% 20,04%
28 24,74% 85,04% 60,29%
29 80,61% 123,21% 42,60%
30 127,50% 37,41% -90,09%

int main ()
{

float fP = 0.01;
float fR = 3.0;
double dP = 0.01;
double dR = 3.0;
unsigned long ulIteration = 0;

while (1)
{

vPrintResult (ulIteration, fP, dP);
fP = fP + fR * fP * (1 - fP);
dP = dP + dR * dP * (1 - dP);
ulIteration++;
if (ulIteration == 10001)

break;
}

return 0;
}

The program:

Technische Universität München
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Numerical behaviour – an experiment

Let’s compare FLOAT (6 dec. places) – and DOUBLE (15  dec. places)-
representations

Verhulsts Logistical Model: A population prognose
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Numerical behaviour – an experiment

Let’s compare FLOAT (6 dec. places) – and DOUBLE (15  dec. places)-
representations

Difference Double-Float
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Numerical behaviour – an experiment

But there are possibilities of mistakes (original example): 

First conclusion: Do not mix types!

Even the starting conditions can‘t be represented equaly:

FLOAT-Representation DOUBLE-Representation

0,01 0,00999999977648258 0,01

C---------------------------------------------------------------------
C       TRUE ANOMALY FROM MEAN ANOMALY USING EQUATION OF THE CENTRE
C       AND THEN ADD TRUE ANOMALY TO LONGITUDE OF PERIGEE
C---------------------------------------------------------------------
C

TRUE=ANOM+(2.0*ECCEN-0.25*(ECCEN**3))*DSIN(ANOM)+1.25*(ECCEN**2)*
@     DSIN(2.0D0*ANOM)+1.083333*(ECCEN**3)*DSIN(3.0D0*ANOM)
SUNLONG=TRUE+PER
RETURN
END

...

...
SUBROUTINE SUNTRUE(TC,SUNLONG,OBL)

C     ==================================
C
C*********************************************************************
C       CALCULATES TRUE LONGITUDE OF SUN RELATIVE TO MEAN EQUINOX OF
C       DATE, AND OBLIQUITY OF ECLIPTIC (OBL).
C       INPUT  : TC - JULIAN CENTURIES SINCE 1900.0
C       OUTPUT : SUNLONG - TRUE LONG. OF SUN IN RADIANS
C                OBL     - OBLIQUITY IN RADIANS
C*********************************************************************
C

IMPLICIT DOUBLE PRECISION (A-H,O-Z)
COMMON /MATH/ PIO2, PI, TWOPI, RDPDG, RDPHR, RDPAS, RDPTS

C
C---------------------------------------------------------------------
C       SUN'S MEAN ANOMALY(ANOM), LONGITUDE OF PERIGEE(PER) & OBLIQUITY
C       FROM FORMULAE IN EXPLANATORY SUPPLEMENT
C---------------------------------------------------------------------
C

ANOM=(358.475833D0+35999.04975D0*TC- 0.00015D0*TC*TC)*RDPDG
PER =(281.220844D0+   1.719175D0*TC-0.000453D0*TC*TC)*RDPDG
OBL =( 23.452294D0- 0.0130125D0*TC-.0000016D0*TC*TC)*RDPDG
ECCEN=0.01675104D0-0.00004180*TC

C

Fortran-compiler dependent 
handling of conversion between 
float and double
(D = double, all of the others is float)

(Original NASA-code to calculate SLR satellite passages)
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Numerical behaviour – an experiment

Another problem shown with Verhulsts logistic model of population dynamics in 
the limited world of the computer [1]

The following mathematically equivalent representations of the Verhulst 
equation doesn‘t create the equivalent results in the computer even if 
you use the same type representation:

pn+1 = pn + r pn (1-pn)

pn+1 = (1 + r) pn - r pn
2

pn+1 = (1 + r) pn - r pn pn

=

=

Mathematical

[1] See: Peitgen, Heinz-Otto; Jürgens, Hartmut; Saupe, Dietmar: Bausteine des Chaos. Fraktale. Rowohlt Taschenbuch Verlag GmbH 
Hamburg 1998 (Orig.: Fractals for the Classroom. Part 1. Springer Verlag New York 1992)
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Numerical behaviour – an experiment

Another problem shown with Verhulsts logistic model of population dynamics in 
the limited world of the computer [1]

E.g.: starting value for p is 0,01 (r = 3)

int main ()
{

double dP1 = 0.01;
double dP2 = 0.01;
double dP3 = 0.01;
double dR = 3.0;
unsigned long ulIteration = 0;

while (1)
{

vPrintResult (ulIteration, dP1, dP2, dP3);
dP1 = dP1 + dR * dP1 * (1 - dP1);
dP2 = (1 + dR) * dP2 - dR * pow(dP2,2);
dP3 = (1 + dR) * dP3 - dR * dP3 * dP3;
ulIteration++;
if (ulIteration == 10001)

break;
}

return 0;

The program:
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Numerical behaviour – an experiment

Another problem shown with Verhulsts logistic model of population dynamics in 
the limited world of the computer [1]

Different representations of mathematically equivalent formulas
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Numerical behaviour – an experiment

Another problem shown with Verhulsts logistic model of population dynamics in 
the limited world of the computer [1]

The following mathematically equivalent representations of the Verhulst 
equation doesn‘t create the equivalent results in the computer even if 
you use the same type representation:

pn+1 = pn + r pn (1-pn)

pn+1 = (1 + r) pn - r pn
2

pn+1 = (1 + r) pn - r pn pn

=

=

Mathematical Numerical

=

= ?
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Numerical behaviour – an experiment

=> But it‘s not always possible, e.g. Verhulsts model 

Third conclusion: Try to avoid iterative feedbacks!

For example:
It is better to use 

tn = t0 +  n *   t
than

tn = t0
tn+1 = tn +    t

=> Iterativ algorithms with floating point 
numbers are always sensitiv dependent on the 
starting conditions

For example use well known and described solutions given at:
Press, William H.; Teukolsky, Saul A.; Vetterling, William T.; Flannery, 
Brian P.: Numerical Recipes in C++. The Art of Scientific Computing. 
Second Edition. Cambridge University Press New York 2002 

Fourth conclusion: Do not simply accept “black 
box” - algorithms!
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Numerical behaviour – an experiment

Overall conclusion: Each deterministic number 
representation generates from one not clearly defin ed 
iteration on (depends on start condition, algorithm , 
etc.) deterministic chaos, which influences signifi cant 
decimal places.

And even if you care about all of such things and if you use the real world most adapting
model, you can‘t trust each results for predictions for the future! This means, that it is not 
possible to predict iterativly any longlasting timeperiode into future with modern, but 
deterministic data representing computers! And it is difficult to do a good error analysis
(because of the chaotical effects).

Conclusion:

[1] See: Peitgen, Heinz-Otto; Jürgens, Hartmut; Saupe, Dietmar: Bausteine des Chaos. Fraktale. Rowohlt Taschenbuch Verlag GmbH 
Hamburg 1998 (Orig.: Fractals for the Classroom. Part 1. Springer Verlag New York 1992)
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Disasterous design errors: Ariane 5 (Kourou, 04.06.1996)

Maiden flight of a new European carrier rocket 

Part of the original Navigation-ADA-Code: The problem:
37 seconds after ignition (30 seconds after liftoff) at a 
height of 3700 meters Ariane 5 reaches a vertical 
velocity of 32768.0 (internal units), which was 5 times 
higher than given by Ariane 4. The consequence: the 
cast into an integer number resulted in an overrun, 
which was not caught by the software.
The software was also located at the two redundant 
control systems, so that an irreparable error was 
emerged, which turned of one of the control systems 
and brought the other because of wrong diagnosis 
data into a correction phase to correct the trajectory.
The senseless control commands to the busters to 
correct the 20 degree flight path difference brought 
the rocket into an instable state so that the self-
destruction mechanism was flushed.

(Reference: http://www-aix.gsi.de/~giese/swr/ariane5.html, Download 14.12.2006)

Financial and psychological damage: 
125 million Euro launch costs, 425 million Euro for 4 cluster satellites, 300 million Euro additional 
developements
2 – 3 years suspension of orders (the first commercial flight was 1999) 

Famous problems ...
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Floating point

W hat does the IEEE  754 describe? 
G ive a schematic representation!

??

Give four floating point attributes in  
a numerical lim ited system .

G ive a short defin ition for determ inistic chaos and
explain an example w here it can easily appear in  a 
determ inistic, num erical computer w orld.

G ive four number system s (including
the bases) used in  computer science?
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- Review: binary numeral system
- Floating point representation
- Numerical behaviour
- Runtime behaviour (a short look)
- Character codes

Lecture 5: Binary world of a computer –
a closer look and numerical effects

In cooperation with Karin Hedman
karin.hedman@bv.tum.de
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Runtime behaviour

Sum of the first n natural numbers
e.g. n=1: 1 = 1

n=2: 1+2 = 3
n=3: 1+2+3 = 6
n=4: 1+2+3+4 = 10
…

0 additions
1 addition
2 additions
3 additions
…

n 

Time
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Runtime behaviour

Sum of the first n natural numbers with one formula

sum(n) = 0.5 n ( n + 1 ) 1 addition
2 multiplications

n 

Time

Technische Universität München
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Runtime behaviour

Sum of the first n natural numbers with one formula

sum(n) = 0.5 * n * ( n + 1 ) 1 addition
2 multiplications

Proof : Mathematical induction
1. Step:  n = 1:  sum(1) = 0.5 * 1 * ( 1 + 1) = 1

2. Step:  n = n+1
sum(n+1)  =  sum(n) + ( n + 1 )
sum(n+1)  =  0.5 * n * ( n + 1 ) + ( n + 1 )
sum(n+1)  =  0.5 * ( n + 1 ) * (( n + 1 ) + 1)

=> n = n+1
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Runtime behaviour

n 

Time

Problemcategories:

constant

linear

exponential
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Matlab: Measure code efficiency

See: Gramlich, Günter; Werner, Wilhelm: Numerische Mathematik mit Matlab. Dpunkt.verlag GmbH Heidelberg 2000

In older Matlab versions „flops“ counted number of floating point operations
(obsolete function since version 6)

Measure the run time with „tic“ and „toc“
e.g.

A = [0.8 0.3; 0.2 0.7];
E = zeros(2,10);
tic;
for k=1:10

E(:,k) = eig(A^k);
end
toc;

Elapsed time is 0.005646 seconds

Runtime behaviour
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Matlab: Initialisation of matrices

See: Gramlich, Günter; Werner, Wilhelm: Numerische Mathematik mit Matlab. Dpunkt.verlag GmbH Heidelberg 2000

Initialise the matrices before usage can improve timing
e.g.

Elapsed time is 0.000026 seconds.

Elapsed time is 0.000063 seconds.
(Loop lasts longer because Matlab has 
to increase matrix iteratively combined 
with memory allocation)

Runtime behaviour
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Matlab: Vectorisation of operations

See: Gramlich, Günter; Werner, Wilhelm: Numerische Mathematik mit Matlab. Dpunkt.verlag GmbH Heidelberg 2000

Matlabs functions are optimized for matrices so use matrices/ vectors as input
e.g.

Elapsed time is 0.031466 seconds.

Elapsed time is 0.000219 seconds.

Runtime behaviour
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Matlab: Try to avoid …

See: Gramlich, Günter; Werner, Wilhelm: Numerische Mathematik mit Matlab. Dpunkt.verlag GmbH Heidelberg 2000

• Loops => better use Matlab functions or optimized algorithms

• Input / output to command window or to file

(But this rules are not always valid: basic operations could be faster with a 
classical programming style)

Elapsed time is 0.005052 seconds.

Elapsed time is 0.000157 seconds.

Runtime behaviour
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Matlab: Usage of spares matrices

In performing matrix computations, MATLAB normally assumes that a matrix is 
dense; that is, any entry in a matrix may be nonzero. If, however, a matrix contains 
sufficiently many zero entries, computation time could be reduced by avoiding 
arithmetic operations on zero entries and less memory could be required by storing 
only the nonzero entries of the matrix. This increase in efficiency in time and storage 
can make feasible the solution of significantly larger problems than would otherwise 
be possible. MATLAB provides the capability to take advantage of the sparsity of 
matrices.

Matlab has two storage modes, full and sparse, with full the default. The functions full 
and sparse convert between the two modes. For a matrix A, full or sparse, nnz(A) 
returns the number of nonzero elements in A.

e.g.:
A=[0 0 1; 1 0 2;0 -3 0];
S=sparse(A)

See: http://www.math.toronto.edu/mpugh/primer.pdf, Download 28.10.2007

Runtime behaviour
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- Review: binary numeral system
- Floating point representation
- Numerical behaviour
- Runtime behaviour (a short look)
- Character codes

Lecture 5: Binary world of a computer –
a closer look and numerical effects

In cooperation with Karin Hedman
karin.hedman@bv.tum.de
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Code

[1] See: http://services.langenscheidt.de/cgi-bin/fremdwb/searchfw.pl, Download 30.11.2008
[2] See: Precht, Manfred; et. Al.: EDV-Grundwissen. Addison-Wesley 1994

Definition:

Langenscheidt (freely translated):
Aggrement on a character system for communication, data
processing and data transfer[1]

A code is an unique specification to transform a set of signs
into another set of signs [2]
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Character codes history: Morse code

„Binary“ code (plus 
pauses of three types) 
with variable code word
length for telegraphy

See: http://www.learnmorsecode.com, Download 30.11.2008

DotDash
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Character codes: ASCII

American Standard Code for Information Interchange: control characters

(Non-printable commands for teletype printers)

7-bit binary code with fixed code word length for teletypes

See: http://en.wikipedia.org/wiki/Ascii, Download 30.11.2008
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Character codes: ASCII

American Standard Code for Information Interchange: printable characters

See: http://en.wikipedia.org/wiki/Ascii, Download 30.11.2008
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Character codes: ASCII

American Standard Code for Information Interchange: binary interpretation

Convert lower case characters into upper case:

upper =    lower - (‚a‘   - ‚A‘) 
upper =    lower - (110 0001bin - 100 0001bin)
upper =    lower - (97dez - 65dez)
upper =    lower - 32dez

e.g. upper =     ‚s‘ - 32dez
upper =    111 0011bin - 010 0000bin
upper =    101 0011bin
upper =     ‚S‘

Convert upper case characters into lower case:

lower =    upper +   (‚a‘   - ‚A‘) 
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Character codes: “ANSI” (ISO 8859)

American Standard Code for Information Interchange: control characters
8-bit binary code with fixed code word length for teletypes as
extension to the ASCII-code

0000 0000
… ASCII
0111  1111
1000 0000
… unused control characters
1001  1111

See: http://en.wikipedia.org/wiki/ISO_8859, Download 30.11.2008

Latin-1:
Western
European
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Character codes: UTF-8

See: http://tools.ietf.org/html/rfc2279, Download 30.11.2008
See: http://www.cl.cam.ac.uk/~mgk25/unicode.html , Download 30.11.2008
See: http://de.wikipedia.org/wiki/Utf-8 , Download 30.11.2008

UCS-4 range (hex.) UTF-8 octet sequence (binary)
0000 0000 – 0000 007F 0xxxxxxx (ASCII)

0000 0080 – 0000 07FF 110xxxxx 10xxxxxx

0000 0800 – 0000 FFFF 1110xxxx 10xxxxxx 10xxxxxx

0001 0000 – 001F FFFF 11110xxx 10xxxxxx 10xxxxxx 10xxxxxx

0020 0000 – 03FF FFFF 111110xx 10xxxxxx ...      10xxxxxx

0400 0000 – 7FFF FFFF 1111110x 10xxxxxx ...      10xxxxxx

Startbyte
Number of

bytes

Coded characters

Unicode Transformation Format
binary code with variable code word length for internet communication

e.g.
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Character codes: others

Binary-coded decimal (BCD)

Extended Binary Coded Decimal Interchange Code (EBCDIC)

Unicode transformation formats (UTF-7, UTF-16, UTF-32)

…

Barcodes
Reference: 
http://de.wikipedia.org/wiki/EAN,
Download 30.11.2008
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Character codes

W hat is the difference betw een ASCII and binary
representation of a number?

??
Remember ASCII-Code: W rite a M atlab-program
converting the ASCII-representation of „246“ 
(a= `246`;) into an equivalent decimal output 246 
(ans=246;) w ithout using a maybe given M atlab-
function doing that for you.

Rem ember ASCII-Code: H ow can you easily
convert low er-case letters to upper-case one
w ithout using given functions like „toupper“ in  C? 
G ive the schematic steps!
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Thank you!

Matlab (I)


