Computer Science
Muminated

SECOND EDITIC

Nell Dale * John Lewis

Chapter 03

u Representing Negative Values

* You have used the signed-magnitude
representation of numbers since grade
school. The sign represents the ordering,
and the digits represent the magnitude of

the number.
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— Negative + Positive (sign usually omitted)
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n Representing Negative Values

» To perform addition within this scheme,
you just add the numbers together and
discard any carry.

Sign-Mag New
5 5
+—8 + 94
-1 99
-4 96
+ 6 + 6
2 2
=2 98
+—4 + 96
-6 94
3.5
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Chapter Goals

* Representing negative values
* Representing fraction part
* Representing float

n Representing Negative Values

» For example, if the maximum number of
decimal digits we can represent is two, we
can let 1 through 49 be the positive
numbers 1 through 49 and let 50 through
99 represent the negative numbers -50
through -1.

50 5 a 87 98 99 ¢
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n Representing Negative Values

* A-B=A+(-B). We can subtract one number
from another by adding the negative of the
second to the first.

Sign — Magnitude | New Scheme Add Negative
-5 95 95
-3 = + 97
=B 92




Representing Negative Values

* Here is a formula that you can use to
compute the negative representation

Negative(I) = 10% — I, where k is the number of digits

* This representation of negative numbers is
called the ten’s complement Git) .
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Binary and Computers

* bit
— A bit is the basic unit of information in
computing and digital communications. A bit can
have only one of two values, and may therefore
be physically implemented with a two-state
device. The most common representation of
these values are 0 and 1.

* byte

— 8 bits. (c types maybe int8_t, uint8_t, char)
* integer

— A natural number, a negative number

Representing Negative Values

Two’s Complement 1 -+
To make it easier to look at
long binary numbers, we
make the number line vertical.

00000000 - ©

Negative (/) =2k -/
where k the number of digits 10000010 T~
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A approach of two's complement

* Definition: ones' complement
— Binary digit x,y satisfy x + y = 1. That x is
ones' complement of y.
—1 is ones' complement of 0
—0 is ones' complement of 1
* two's complement
00010110 (y, equals decimal 22)
11101001 (ones' complement of y)

+ 1
11101010 (the two's complement of y)
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Representing Negative Values

» Addition and subtraction are
accomplished the same way as in 10’s
complement arithmetic

-127 10000001
+ 1 00000001
-126 10000010

* Notice that with this representation, the
leftmost bit in a negative number is
always a 1.

Number Overflow i

» Overflow occurs when the value that we
compute cannot fit into the number of bits we
have allocated for the result. For example, if
each value is stored using eight bits, adding 127
to 3 overflows.

o111
+ 00000011
10000010

» Overflow is a classic example of the type of
problems we encounter by mapping an infinite
world onto a finite machine.
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— during execution of a data

conversion from 64-bit floating point
to 16-bit signed integer value. The
floating point number which was
converted had a value greater than
what could be represented by a 16-
bit signed integer. This resulted in

an Operand Error.
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Write out x, y, z values in binary codes
a)int8_tx=111; int8_ty=-65;int8_tz=x+y;
b)int8_t x =-111; int8_ty =-65;int8_tz=x+y;
c)int8_tx=130; int8_ty=-65;int8_tz=x+y;
d)int8_t x =111; int8_ty =65;int8_tz=x+y;
e)int8_t x = 0x3; int8_ty =0x96; int8_tz=x+y;
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Representing fraction part

* /A\ﬁ

[d,*R™+d _ *R2+..+d,*R+d, |

o FEATHRAE:
- KR (<<) : X <<k FR X*RK
. (462),p<<1 = (4620),
« (101),<< 2 = (10100),
— 5% (>>) : X>>k Fm X* Rk
* (462)10>>1 = (462),,

* (101),>>2 = (101),
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fraction part

« fraction part
(.d4d,...dy)r; Ris base and k is position

« Positional notation formula for fraction
part

7?7?27

FEA S R — it

« 15 (0.75)10 = (),
=(0.75)10* 2 = (1.5)10 = (1) 2 +(0.5)10

-(1)2"2=1<<1=(10),
=(0.5)10*2=(1)10=(1)2,

=(11)2>>2=(11),=(0.11),




u P S B — A

+ Converting the integer part
+ Converting the fraction part
Stop when the

.

0125 Iﬂ- 0250 ) — (0500 —#=( 1.000 ) —#=( 0,000

Binary

u P SR B — A

o FNEESPHE A BEf] NP B oy — 2t

015 12 16 48 64 32....
0. 1 1 4 6 3

0. 001 001 100 110 011 ......

3-21

* (0.125)0 = (?),

+ (3.65)10 = (),

* (2.3)g= (7)o

* (2.3)g= (),

* (1011.0101),=(?)g
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u e S H B — it

+ 255

255 110204 08 16 1.2 04 ......

0.1 0 0 O 1 1 0 ....

« float a = (float)0.15;
+ float b = (float)0.45 / 3;

1 (a==b) WALG? HftA?
o Al a 5 b MY
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u Representing Real Numbers

* Real numbers have a whole part and a
fractional part. For example 104.32,
0.999999, 357.0, and 3.14159.

— the digits represent values according to their
position, and
— those position values are relative to the base.

» The positions to the right of the decimal
point are the tenths position (10! or one
tenth), the hundredths position (102 or one
hundredth), etc.




Representing Real Numbers

* In binary, the same rules apply but the
base value is 2. Since we are not working
in base 10, the decimal point is referred to
as a radix point (/M) .

» The positions to the right of the radix point
in binary are the halves position (2! or one
half), the quarters position (22 or one
quarter), etc.
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Representing Real Numbers

* Areal value in base 10 can be defined by
the following formula.

sign * mantissa * 10%*P

» The representation is called floating point
because the number of digits is fixed but
the radix point floats.

* Mantissa ¢ )

Representing Real Numbers

 Scientific notation A form of floating-point
representation in which the decimal point is kept
to the right of the leftmost digit.

For example, 12001.32708 would be written as
1.200132708E+4 in scientific notation.

Likewise, a binary floating —point value is
defined by the following formula:
sign * mantissa * 28xP
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IEEE STANDARDS 754—2008

» The institute of electrical and electronics engineers

(IEEE)has defined three standards for storing
floating-point number; two are used to store
numbers in memory: single precision and double

IExcess‘lz?l
B = 23 J

Sign  Exponent Mantissa

a.single Precision

:Excess 1023
—
1 || 52 |

Sign  Exponent Mantissa

b. Double Precision
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Example: Excess_127

+26 *1.01000111001

The sign is positive.
The Excess_127 representation of the exponent
is 133(127+6). In binary, this is 10000101

The mantissa is 01000111001.You add extra Os
on the right to make it 23 bits.

The number in memory is stored as:
—010000101 010001110010000000000000

W]

Write out variables in binary and hexadecimal codes
1) floatx = 70;
2) floaty =-1.125;




Summary

Method of complements

Natural Numbers | | Integer ‘

shift

Scientific notation
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BNk (part1 of 2)

Write out variables x, y and z in binary code
1)int8_tx =67; int8_ty=-7; int8_tz=y-x;
2)int8_t x = 0xd3;

3) uint8_t = 0xd3;

4)int8_tx=127; int8_ty=-7; int8_ tz=y-x;
5) float x = 1.125;

6) float x = 23.0;

7) float x = 0.45;
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fEMb (part2 of 2)

R TR AR
1)Method of complements
2)Byte

3)Integer (computer science)
4)Floating point

141 3" Method of complements™ 2%, 1l iE & #lnines’ complement in
the decimal #ll ones’ complement in binary 2.

1)iFIER . #9513 (two's complement of X) %+ X [f) ones’
complement + 1 CEl, X&HALR N1

2)Int8_t x = - 017; il FIBHEHI AL x. 1EcT017E1(017),

[l 4EHE R Two's complement” [ P9 2%, 77l /& Sign extension/NF5 P 2%«
1)CHEF: int8_t x =-0x1f; inty = x; 1§ AI163EHIfiAE R x fy, FEUEH int
y = x i E R

20U HBCE, A BLX AT

[l 5483 A Floating point”# %%,
1) NaN 2&f+4? 233




