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Exp. Explicit Prefix | Exp. Explicit Prefix
10 | 0.001 milli 10° 1,000 | Kilo
10°° 0.000001 micro | 10° 1,000,000 | Mega
10 | 0.000000001 nano 10° 1,000,000,000 | Giga
107"* | 0.000000000001 pico 10" 1,000,000,000,000 | Tera
107"® | 0.000000000000001 femto | 10 1,000,000,000,000,000 | Peta
107'% | 0.0000000000000000001 atto 10 1,000,000,000,000,000,000 | Exa
10#' | 0.0000000000000000000001 zepto | 107 1,000,000,000,000,000,000,000 | Zetta
10™* | 0.0000000000000000000000001 | yocto | 10* 1,000,000,000,000,000,000,000,000 | Yotita

Source: A. Tanenbaum, Structured Computer Organization, 5/E, © Pearson
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8 Bits = 1 Byte? Not Always!

» 1 Byte was not always 8 bits
= bite = beil’en, Bissen

= |n early times, the number of bits for a
byte depended on context

— 1 Byte =1 ... 36 bits

= Today, 1 Byte is almost always and
everywhere 8 bits

» https://de.wikipedia.org/wiki/Byte
» But 1 Octet was always 8 bits
» Nibble

= 4 bits

= nibble = knabbern
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Information Units

» Storage mostly as 2X bytes (8 bits)
= Sometimes “rounded” to 10X19°3 pytes
= Kilobyte — 210 or 103 bytes
= Megabyte — 220 or 10° bytes
= Gigabyte — 239 or 10° bytes
= Terabyte — 240 or 1072 bytes
= Petabyte — 2°9 or 107° bytes
= Exabyte — 290 or 108 bytes
» Transmission speeds are given in 10X bits per second (kb/s, Mb/s, Gb/s, ...)
» Convention in MIPS architecture (specific to ISA)
= Word: 32 bits
= Halfword: 16 bits
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Verwechslungspotential ;-)

» \Was ist der Unterschied zwischen Informatikern und Mathematikern?
= Mathematiker glauben, ein Kilobyte waren 1000 Byte.
» Informatiker glauben, ein Kilometer waren 1024 Meter.
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Metric vs. Binary Prefixes

» Prefixes with two different meanings (2%, 10%19°3) cause confusion
» Solution: new prefixes for 2X (so far rarely used).

Decimal (Sl) vs. Binary (IEC) prefixes

Metric Binary
Value Sl Value IEC
1000 k (kilo) 1024 Ki (kibi)
10002 M (mega) 10242 Mi (mebi)
10003 G (giga) 10243 Gi (gibi)
» Units 10004 T (tera) 10244 Ti (tebi)

= b = Bit (e.g. for transmission speeds)
= B = Byte (e.g. for storage capacities)
» Examples
= 200 Mb/s = 200 * 10002 bits per second
= 1 TiB =1 * 10244 bytes (approx. 1.1 TB)
» https://en.wikipedia.org/wiki/ISO/IEC_80000#Units_of ISO/IEC 80000
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Hexadecimal Encoding of Bit Strings

» Base 16
= Compact representation of bit strings
= 4 bits per hex digit

0O |0000 |4 (0100 |8 1000 (c |1100
1 10001 |5 (0101 (9 1001 (d [1101
2 |0010 |6 |0110 (a |[1010 |e |1110
3 (0011 |7 (0111 |b (1011 (f |1111

» Notation of hex numbers
" 7246, 121y, 72N, 72, 0x72,"72, $72 and X'72,
= Prefix Ox most widely used in programming

» Example: Ox ECA8 6420
= 1110 1100 1010 1000 0110 0100 0010 0000
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» Unsigned binary integer Hex Binary | Decimal
_ 0x00000000 | 0...0000 0
X = Xp_1Xp—2 . X1Xg
0x00000001 | 0...0001 1
| . decimal 0x00000002 | 0...0010 2
> nterﬁretat'on as Jeeimal 0x00000003 | 0...0011 3
"X =Xy 2T At X 2 0x00000004 | 0...0100 4
. Eggong)%lgouosc;gg 30208 If)so:oo 0000 0000 1011 0x0DBOR9> | O...0101 >
S0+ 4 1xD3 4 OxD2 41x21 +1x20 2 0x00000006 | 0...0110 6
=0+..+8+0+2+1=11, 0x00000007 | 0...0111 7
0x00000008 | 0...1000 8
> Range: 0 to +21 — 1 0x00000009 | 0...1001 9
= Example using 32 bits:
Range: 0 to +4,294,967,295 OXFFFFFFFC | 1...1100
OXFFFFFFFD | 1...1101
OXFFFFFFFE | 1...1110
OXFFFFFFFF | 1...1111
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2s-Complement Signed Integers

X —_ _xn_l ¢ Zn_l +xn_2 ¢ 211—2 + +X1 ¢ 21 +x0 ¢ 20

» Range: —2"-"to +2"~1— 1
= —(—2"~1) can’t be represented

» Example using 32 bits

= 1111 1111 1111 1111 1111 1111 1111 1100,
= —1x231 + 1x230 + + 1x22 +0x21 +0x20

=-2,147,483,648 + 2,147,483,644 = -4,
= Range: —2,147,483,648 to +2,147,483,647

» Bit 31 is sign bit
= 1 for negative numbers
= O for non-negative numbers

= Non-negative numbers have the same unsigned
and 2s-complement representation

» Some specific numbers

= O 0000 0000 ... 0000
= —1: 1111 1111 ... 1111
= Most-negative:

1000 0000 ... 0000

= Most-positive: o111 1111 ... 1111

» Complement (x) means 1 — 0,0 — 1

» “Signed negation”

" x+x=1111..111, = -1, =
X + 110 = —X
= Complement and add 1 to obtain negated value
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2’'sc binary decimal

23 = 1000 -8

«(23-1) = 1001 -7

/'; 1010 ; 6

1011 -5

/ 1100 -4

1011 1101 -3

Complement all the bits and add a 1 1110 -2

0101 1111 -1

1010 0000 0

and adda Complement all the bits 0001 1

0110 0010 2

0011 3

0100 4

0101 5

0110 6

28-1= [ 0111 7
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» Representing a number using more bits
» Preserve the numeric value
= Convert from byte to halfword or word

» Unsigned binary integers
= Extend with Os to the left (zero extension)

» 2’sc signed integers
= Extend with the sign bit to the left (sign extension)
= Examples: 8-bit to 16-bit
—+2: 0000 0010 = 0000 0000 0000 0010
—-2:1111 1110 = 1111 11111 1111 1110

Sign Extension
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Binary Fractions

» Unsigned binary integer

"X = Xp_1Xp—p ... X1 X
» Interpretation as decimal

= X =x,_1 2" 4+ xy - 2°
» Example

= 1011,= 11,4,

» Binary fractions

"X = XpX1Xg.-X_1X_>
» Interpretation as decimal

s X=x,-2%4x;- 2V +x9-2+x_; - 27 +x_,-277
» Example

= 1011.11, =11.75,,
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Conversion from Decimals into Binaries

» What's 18 in binary?
= 18/2 = 9 remainder O (least significant bit)
= 9/2 =4 remainder 1
= 4/2 =2 remainder 0
= 2/2 =1remainder 0
= 1/2 =0 remainder 1 (most significant bit)
=10010

» What's 0.4 in binary?
= 0.4:2 = 0.8 = 0 remainder 0.8 (most significant bit)
0.8:2=1.6 =1 remainder 0.6
0.6:2=1.2 =1 remainder 0.2
0.2:2=0.4 =0 remainder 0.4
0.4-:2 = 0.8 = 0 remainder 0.8
0.8:2 = 1.6 = 1 remainder 0.6 (least significant bit)

=0.0110011001100110011...

» What's 18.4 in binary?
= =10010.011001100110011...
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Fixed-point numbers Floating point numbers
» Examples » Examples
= 24000 =2,4-10*
= 0,000024 =2,4-107°
» Consist of
= Significand (Mantisse)
= Exponent
» Advantage
= Express large and small numbers in a
short way
» Usage

= Scientific purposes

= Representation of fractional numbers in
computers
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» Definition

Bit
|31 24|23 18]15 8|7

MM,

VEEs .. E EyMy,,My,
Exponent | hantisse

‘orzeichen
= Sign V, exponent E, significand M
— r: number of E-bits
— p : number of M-bits
= Interpretation: x = s - f - 2°
- s=(-1)"
— f=1+M/2P
—e=E-B
« B =2""1 -1 (exponential offset)
= Precision
— Single: 32 bit, r=8, p=23
+ +1,18-1073% to +3,4 - 1038

« About 7 (decimal) digits precision

— Double: 64 bit, r=11, p=52
e 42,23-1073% t0 +1,80 - 10308

» About 16 (decimal) digits precision

Binary Floating Point Numbers: IEEE 754 Format

» Conversion from decimals to IEEE 754
» Example
= 184 =10010.0110011001100110011 ,,
= Normalized binary float
~ 1,0010011001100110011, ... - 2(410)
= |[EEE 754 representation (single precision)
- B=2"1-1=2"-1=127
- V=0
— E=e+B=4+127 =131 =10000011,
— M =00100110011001100110011,,
» Exceptions in IEEE 754
= F=0,M = 0:+/-Null
E=2"—1,M = 0: +/-infinity
E=2"—-1,M > 0: not a number (NaN)

E = 0,M > 0: denormalized number,
interpretation: (—1)V - M/2P - 2178 (number with
reduced accuracy)

= More: https://en.wikipedia.org/wiki/IEEE 754-1985
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