
Practice

What is the decimal equivalent of the bit
pattern shown below if it represents an

unsigned fixed-point binary value with eight
bits before the binary point and four bits after

the binary point?

0110 1000 1010
1 / 40
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Practice

What is the decimal equivalent of the bit
pattern shown below if it represents an

unsigned fixed-point binary value with eight
bits before the binary point and four bits after

the binary point?

0110 1000 1010
2 / 40



1045
8
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Practice

Convert the decimal number below into an
unsigned fixed-point binary value with 2 bytes,

assuming 4 bits after the binary point.

150.375

3 / 40



Practice

Convert the decimal number below into an
unsigned fixed-point binary value with 2 bytes,

assuming 4 bits after the binary point.

150.375

0000 1001 0110 0110
3 / 40



Practice

What is the decimal equivalent of the bit
pattern below if it represents a two’s

complement binary value assuming 4 bits
after the point?

1010 0101 0110

4 / 40



Practice

What is the decimal equivalent of the bit
pattern below if it represents a two’s

complement binary value assuming 4 bits
after the point?

1010 0101 0110

−90.625
4 / 40



Practice

Convert the decimal number below into a
two’s complement binary value using 1 byte

assuming 4 bits after the point.

−2.75

5 / 40



Practice

Convert the decimal number below into a
two’s complement binary value using 1 byte

assuming 4 bits after the point.

−2.75

1101 0100
5 / 40



Practice

Convert the decimal number below into
standard form.

1230

6 / 40



Practice

Convert the decimal number below into
standard form.

1230

1.23 × 103

6 / 40



Practice

Convert the decimal number below from
standard form into ordinary numbers

6.25 × 10−2

7 / 40



Practice

Convert the decimal number below from
standard form into ordinary numbers

6.25 × 10−2

0.0625

7 / 40



Floating Point Binary Numbers

Topic 4.5 – Data Representation



Floating Point Binary Numbers

Specification
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Floating Point Binary Numbers

Standard form

Standard/scientific form

−819 000 000 = −8.19 × 108

• The mantissa (−8.19) represents the significant digits of the number. It also
holds the sign

• The exponent (8) defines where the decimal point needs to be if the number
shown is in its ordinary decimal form
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Floating Point Binary Numbers

Real numbers in binary

• Binary floating point uses the same idea as standard form
• Both the mantissa and exponent are in two’s complement format
• If the most significant (first) bit in the mantissa is a 1, then the number is

negative
• What can we say if the most significant bit in the exponent is a 1?
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Floating Point Binary Numbers

Real numbers in binary

• All our examples will use 16 bits
• These 16 bit numbers will use 10 bits for the mantissa and 6 bits for the

exponent
• In practice, real numbers are stored using a minimum of 32 bits – typically 64
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Floating Point Binary Numbers

Converting floating point binary to decimal

0 1 0 0 1 0 1 0 0 0 0 0 0 1 0 0

value = mantissa × 2exponent

𝑉 = 𝑀 × 2𝐸

13 / 40



Floating Point Binary Numbers

Converting floating point binary to decimal

0 1 0 0 1 0 1 0 0 0 0 0 0 1 0 0

Implied binary
point after the
first bit

value = mantissa × 2exponent

𝑉 = 𝑀 × 2𝐸

13 / 40



Floating Point Binary Numbers

Converting floating point binary to decimal

0 1 0 0 1 0 1 0 0 0 0 0 0 1 0 0

Two’s complement mantissa

value = mantissa × 2exponent

𝑉 = 𝑀 × 2𝐸

13 / 40



Floating Point Binary Numbers

Converting floating point binary to decimal

0 1 0 0 1 0 1 0 0 0 0 0 0 1 0 0

Two’s
complement
exponent

value = mantissa × 2exponent

𝑉 = 𝑀 × 2𝐸

13 / 40



Floating Point Binary Numbers

Method & Example 1

0 1 0 0 1 0 1 0 0 0 0 0 0 1 0 0

1. Convert the mantissa to decimal
2. Convert the exponent to decimal
3. Apply the formula

𝑉 = 𝑀 × 2𝐸

14 / 40



Floating Point Binary Numbers

Example 2

Convert 1011100000000101 from floating point binary, with a 10 bit mantissa
and 6 bit exponent, to decimal.

15 / 40



Floating Point Binary Numbers

Practice

What is the decimal representation of the bit
pattern below if it represents a floating point
binary number with a 8-bit mantissa and a 4-

bit exponent?

0110 1000 0110

16 / 40



Floating Point Binary Numbers

Practice

What is the decimal representation of the bit
pattern below if it represents a floating point
binary number with a 8-bit mantissa and a 4-

bit exponent?

0110 1000 0110

52
16 / 40



Floating Point Binary Numbers

Practice

What is the decimal representation of the bit
pattern below if it represents a floating point
binary number with a 8-bit mantissa and a 4-

bit exponent?

0111 0100 1010
17 / 40



Floating Point Binary Numbers

18 / 40



Floating Point Binary Numbers

Practice

What is the decimal representation of the bit
pattern below if it represents a floating point
binary number with a 8-bit mantissa and a 4-

bit exponent?

0111 0100 1010
18 / 40



Floating Point Binary Numbers

29
2048

18 / 40



Floating Point Binary Numbers

Practice

What is the decimal representation of the bit
pattern below if it represents a floating point
binary number with a 8-bit mantissa and a 4-

bit exponent?

1011 0100 0110

19 / 40



Floating Point Binary Numbers

Practice

What is the decimal representation of the bit
pattern below if it represents a floating point
binary number with a 8-bit mantissa and a 4-

bit exponent?

1011 0100 0110

−38
19 / 40



Floating Point Binary Numbers

Practice

What is the decimal representation of the bit
pattern below if it represents a floating point
binary number with a 8-bit mantissa and a 4-

bit exponent?

1011 0000 1100
20 / 40



Floating Point Binary Numbers

21 / 40



Floating Point Binary Numbers

Practice

What is the decimal representation of the bit
pattern below if it represents a floating point
binary number with a 8-bit mantissa and a 4-

bit exponent?

1011 0000 1100
21 / 40



Floating Point Binary Numbers

− 5
128

21 / 40



Arrays

Topic 4.2 – Data Structures



Arrays

Arrays

Discuss
1. What does the word ‘array’ mean in English?
2. What is an array in programming?
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Arrays

Arrays

This is an array.

A fixed-size sequential collection of elements of the same type.
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Arrays

Indices

0 1 2 3 4 5 6 7
12 34 67 23 68 95 36 3

• Each element in an array is accessed with an index, which is a number that
refers to a position in the array

• Indices start at 0
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Arrays

Example 1

The following algorithm uses an array called Values containing four numbers.

Result ← 0
Index ← 0
Repeat
  If Result < Values[Index]
    Result ← Values[Index]
  EndIf
  Index ← Index + 1
Until Index = 4
Print Result

Values

0 24

0 13

0 57

0 45

Trace table

Result Index

26 / 40



Arrays

Example 1

The following algorithm uses an array called Values containing four numbers.

Result ← 0
Index ← 0
Repeat
  If Result < Values[Index]
    Result ← Values[Index]
  EndIf
  Index ← Index + 1
Until Index = 4
Print Result

Values

0 24

0 13

0 57

0 45

Trace table

Result Index

0 0

24 1

2

57 3

4

26 / 40



Arrays

Example 2

• The operators DIV and MOD perform integer arithmetic
‣ x DIV y calculates the maximum number of times y fits into x (7 DIV 3 = 2)
‣ x MOD Y calculates the remainder from the division (7 MOD 3 = 1)

X = 5
Index = 0
Repeat
  Y = X MOD 2
  X = X DIV 2
  Result[Index] = Y
  Index = Index + 1
Until X = 0

Y X Index Result[2] Result[1] Result[0]

27 / 40



Arrays

Example 2

• The operators DIV and MOD perform integer arithmetic
‣ x DIV y calculates the maximum number of times y fits into x (7 DIV 3 = 2)
‣ x MOD Y calculates the remainder from the division (7 MOD 3 = 1)

X = 5
Index = 0
Repeat
  Y = X MOD 2
  X = X DIV 2
  Result[Index] = Y
  Index = Index + 1
Until X = 0

Y X Index Result[2] Result[1] Result[0]
5 0

1 2 1 1
0 1 2 0
1 0 3 1

27 / 40



Arrays
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Arrays
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Arrays
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Character Coding

Topic 4.5 – Data Representation

• How many different characters can we type using a keyboard?
• How many bits do we need to represent that number of options?



Character Coding

ASCII

• American Standard Code of Information Interchange
• 7 bits
• Examples

‣ A is coded 65 (1000001)
‣ B is coded 66 (1000010)
‣ 0 is coded 48 (0110000)
‣ 1 is coded 49 (0110001)

32 / 40



Character Coding

ASCII

• American Standard Code of Information Interchange
• 7 bits
• Examples

‣ A is coded 65 (1000001)
‣ B is coded 66 (1000010)
‣ 0 is coded 48 (0110000)
‣ 1 is coded 49 (0110001)
‣ a is coded 97 (1100001)
‣ b is coded 98 (1100010)

32 / 40



Character Coding

ASCII

33 / 40



Character Coding
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Character Coding

Extended ASCII

• 8 bits
• Includes characters such as ©, ®, 𝑒́

35 / 40



Character Coding

Unicode

• Unicode provides a unique number for every character
‣ No matter the platform
‣ No matter the program
‣ No matter the language

• Originally intended to be 16 bits
• Now is generally 1-4 bytes (UTF-8)
• Allows for 1,112,064 characters

36 / 40



Character Coding

ASCII in C#

• Casting between int and char lets us convert between characters and their
respective ASCII values

int asciiCode;
string userChar;
char character;

Console.Write("Enter code: ");
asciiCode = int.Parse(Console.ReadLine());

Console.WriteLine((char)asciiCode);

Console.Write("Enter character: ");
userChar = Console.ReadLine();

37 / 40



Character Coding

character = userChar[0];

Console.WriteLine((int)character);
Console.ReadKey();

38 / 40



Character Coding

ASCII in C#

• What if we wanted to make a convert to 0 and b convert to 1 etc.?

39 / 40



Character Coding

ASCII in C#

• What if we wanted to make a convert to 0 and b convert to 1 etc.?

string word = "bark";
int ascii = word[0] - 'a';

39 / 40



Character Coding

Programming

• Finish the built-in functions worksheet from last lesson
‣ Focus on the ASCII questions

• Then work on your adventure game

40 / 40
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