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Problem Set 4

CP8 TOTAL 40 points
Problem Statement
a. Write an algorithm to implement My_Type’Predecessor and

My_Type’Successor as follows:

• The enumeration type is cyclic, i.e.
- My_Type’Predecessor(My_Type’First) = My_Type’Last
- My_Type’Successor(My_Type’Last) = My_Type’First

• My_Type’Successor skips the next element and returns the following
element.

• My_Type’Preceding skips the preceding element and returns the
element that precedes it.

Turn in a hard copy of your algorithm in the analysis format as discussed
in the recitation.
For example:

type Days is (Monday, Tuesday, Wednesday,Thursday,Friday,Saturday,Sunday);

package Days_Io is new Ada.Text_Io.Enumeration_Io (Enum => Days);

My_Day : Days; := Wednesday

--Days'Predecessor(My_Day) returns Monday

--Days'Successor(My_Day) returns Friday

--Days'Predecessor(Days'First) returns Days'Last

--Days'Successor(Days'Last) returns Days'First

Preconditions: A non-empty enumeration type

Inputs: User inputs a value of My_Type

Outputs: Displays
- My_Type’Predecessor(My_Type’First)
- My_Type’Successor(My_Type’Last)
- My_Type’Predecessor(User_Type)
- My_Type’Successor(User_Type)

Postconditions: Output displayed in the user terminal

Algorithm:
(i) Define an enumeration type with at least one element
(ii) Define a function Predecessor as follows:

a. If Input_Type is My_Type’First then

1 point for non-
empty preconditions

1 point for user input

2 points for detailed
output explanation

1 point for
postconoditions

1 point for
definition

4 points for
correct
predecessor
implementation



 i. Return My_Type’Last

b. If Input_Type is the next element after My_Type’First, then
 i. Return My_Type’Last

c. For all other inputs, return
My_Type’Val(My_Type’Pos(User_Type) -2)

(iii) Define a function Successor as follows:
a. If Input_Type is My_Type’Last then

 i. Return My_Type’First

b. If Input_Type is the previous element to My_Type’Last, then
 i. Return My_Type’First

c. For all other inputs, return
My_Type’Val(My_Type’Pos(User_Type) + 2)

(iv) Display
a. Predecessor(My_Type’First)
b. Successor(My_Type’Last)
c. Predecessor(User_Type)
d. Successor(User_Type)

b. Implement your new type as a package. Your package should contain
• The type definition
• The new predecessor and successor operations as functions.

Turn in a hard copy of your package code listing and an electronic copy of
your code.

   1. ------------------------------------------------------------
     2. --|Package that defines the user defined enumeration type
     3. --|and defines the operators predecessor and successor
     4. --|Programmer: Joe B
     5. --|Date Created: September 24, 2004
     6. --|Date Last Modified: September 25, 2004
     7. ------------------------------------------------------------
     8. with Ada.Text_Io;
     9.
    10. package My_Types is
    11.    type My_Enumeration is
    12.          (Normal,
    13.           Half,
    14.           Special,
    15.           Holiday);
    16.
    17.    package My_Enumeration_Io is new Ada.Text_Io.Enumeration_Io(Enum => My_Enumeration);
    18.
    19.    function Predecessor (
    20.          Input_Enum : My_Enumeration )

4 points for
correct successor
implementation

2 points for displaying
information
TOTAL: 16 points

1 point for header.

1 points for type definition.

1 point for package definition to perform type IO.

4 points (2 points each) for function declaration. They
may use procedures, in which case, please check to
see that in and out variables are clearly specified.



    21.      return My_Enumeration;
    22.
    23.    function Successor (
    24.          Input_Enum : My_Enumeration )
    25.      return My_Enumeration;
    26.
    27. end My_Types;
    28.

   1. ------------------------------------------------------------
     2. --|Package implementation for My_Types
     3. --|Programmer: Joe B
     4. --|Date Created: September 24, 2004
     5. --|Date Last Modified: September 25, 2004
     6. ------------------------------------------------------------
     7.
     8. package body My_Types is
     9.
    10.    function Predecessor (
    11.          Input_Enum : My_Enumeration )
    12.      return My_Enumeration is
    13.    begin
    14.       if ((Input_Enum= My_Enumeration'First) or (My_Enumeration'Pos(Input_Enum) = 1)) then
    15.          return(My_Enumeration'Last);
    16.       else
    17.          return(My_Enumeration'Val(My_Enumeration'Pos(Input_Enum) - 2));
    18.       end if;
    19.    end Predecessor;
    20.
    21.
    22.    function Successor (
    23.          Input_Enum : My_Enumeration )
    24.      return My_Enumeration is
    25.    begin
    26.       if ((Input_Enum= My_Enumeration'Last) or (My_Enumeration'Pos(Input_Enum)+1
=My_Enumeration'Pos(My_Enumeration'Last ))) then
    27.          return(My_Enumeration'First);
    28.       else
    29.          return(My_Enumeration'Val(My_Enumeration'Pos(Input_Enum) + 2));
    30.       end if;
    31.    end Successor;
    32.
    33.
    34. end My_Types;

c. Implement a test program that prompts the user for input, gets user input,
and demonstrates all four key operations as follows:

• Display My_Type’Predecessor(My_Type’First)
• Display My_Type’Successor(My_Type’Last)
• Display My_Type’Predecessor(User_Input)
• Display My_Type’Successor(User_Input)

Turn in a hard copy of your code listing and an electronic copy of your
code.

1. -------------------------------------------------------------
     2. --| Program to test the my_types package
     3. --| Programmer: Jane B

1 point for header
3 points for predecessor implementation
3 points for successor implementation

TOTAL 7 points for package implementation



     4. --| Date Created: September 22, 2004
     5. --| Last Modified: September 25,2004
     6. -------------------------------------------------------------
     7. with Ada.Text_Io;
     8. with My_Types;
     9.
    10. procedure Test_My_Types is
    11.    User_Type      : My_Types.My_Enumeration;
    12.    Resulting_Type : My_Types.My_Enumeration;
    13.
    14. begin
    15.    Ada.Text_Io.Put("Please enter a legal enumeration");
    16.    My_Types.My_Enumeration_Io. Get(User_Type);
    17.
    18.    Ada.Text_Io.Put("The predecessor of");
    19.    Ada.Text_Io.Put(My_Types.My_Enumeration'Image(My_Types.My_Enumeration'First));
    20.    Ada.Text_IO.Put(" is ");
    21.    Resulting_Type := My_Types.Predecessor(My_Types.My_Enumeration'First);
    22.    Ada.Text_Io.Put(My_Types.My_Enumeration'Image(Resulting_Type));
    23.    Ada.Text_Io.New_Line;
    24.
    25.    Ada.Text_Io.Put("The successor of");
    26.    Ada.Text_Io.Put(My_Types.My_Enumeration'Image(My_Types.My_Enumeration'Last));
    27.    Ada.Text_IO.Put(" is ");
    28.    Resulting_Type := My_Types.Predecessor(My_Types.My_Enumeration'Last);
    29.    Ada.Text_Io.Put(My_Types.My_Enumeration'Image(Resulting_Type));
    30.    Ada.Text_Io.New_Line;
    31.
    32.
    33.    Ada.Text_Io.Put("The predecessor of");
    34.    Ada.Text_Io.Put(My_Types.My_Enumeration'Image(User_Type));
    35.    Ada.Text_IO.Put(" is ");
    36.    Resulting_Type := My_Types.Predecessor(User_Type);
    37.    Ada.Text_Io.Put(My_Types.My_Enumeration'Image(Resulting_Type));
    38.    Ada.Text_Io.New_Line;
    39.
    40.    Ada.Text_Io.Put("The successor of");
    41.    Ada.Text_Io.Put(My_Types.My_Enumeration'Image(User_Type));
    42.    Ada.Text_IO.Put(" is ");
    43.    Resulting_Type := My_Types.Successor(User_Type);
    44.    Ada.Text_Io.Put(My_Types.My_Enumeration'Image(Resulting_Type));
    45.    Ada.Text_Io.New_Line;
    46.
    47.
    48.    Resulting_type := My_Types.Successor(User_Type);
    49.    Ada.Text_Io.New_Line;
    50.    end Test_My_Types;

CP 9) TOTAL 30 points
d. Write an algorithm to check if a user input string is a palindrome. If the

string is not a palindrome, reverse the string and display the reversed
string to the user. Turn in a hard copy of your algorithm in the analysis
format.

Preconditions: A non empty string

1 point for header
5 points for the test program.
4 points for correct execution

TOTAL: 10 points

20 points total for correct algorithm



Inputs: User inputs a non-zero string

Outputs: Reversed string if the string is not a palindrome

Postconditions: String reversed if it is not a palindrome, otherwise
untouched

Algorithms:

(i) Prompt the user for an input string
(ii) Determine the length of the string
(iii) Initialize the primary_loop_counter variable to one, and

secondary_loop_counter to the length of the string.
(iv) Initialize Palindrome flag.
(v) Check if it is a palindrome as follows:

Loop
 i. Swap the values between primary_loop_counter and

secondary_loop_counter.

 ii. If Input_String[primary_loop_counter] /=
Input_String[secondaty_loop_counter]

1. Is_Palindrome := false;

 iii. increment primary_loop_counter by 1
 iv. decrement secondary_loop_counter by 1

 v. Exit when primary_loop_counter <=
secondary_loop_counter;

(vi) If Is_Palindrome is true,
a. Display that the string is a palindrome

(vii) Else
a. Display the reversed string.

e. Implement your algorithm as an Ada95 program. Your program should:
• Prompt the user for an input string (assume a maximum string

length of 80)
• Read in the input
• Determine if it is a palindrome
• If it is not a palindrome, reverse the string
• Display the string to the user.

Turn in a hard copy of your code listing and an electronic copy of your
code.

1 point for precondition
1 point for Inputs
1 point for output
1 point for postcondition

4 points for initialization

2 points for displaying the
string initialization

2 points for displaying the
reversed step

8 points for detailed steps for
checking to see if input is a
palindrome



  1. ----------------------------------------------------------------
     2. --|procedure to determine if a user input string is a palindrome
     3. --|Programmer: JoeB
     4. --|Date Created: September 24, 2004
     5. --|Date Last Modified: September 25, 2004
     6. ----------------------------------------------------------------
     7. with Ada.Text_Io;
     8.
     9. procedure Palindrome is
    10.    My_String              : String (1 .. 80);
    11.    Length                 : Integer;
    12.    Swap_Character         : Character;
    13.    Is_Palindrome          : Boolean          := True;
    14.    Primary_Loop_Counter   : Integer;
    15.    Secondary_Loop_Counter : Integer;
    16. begin
    17.    Ada.Text_Io.Put("Please Enter A string");
    18.
    19.    Ada.Text_Io.Get_Line(My_String, Length);
    20.
    21.    Secondary_Loop_Counter := Length;
    22.    Primary_Loop_Counter := 1;
    23.
    24.    loop
    25.       Swap_Character := My_String(Primary_Loop_Counter);
    26.       My_String(Primary_Loop_Counter) := My_String(Secondary_Loop_Counter);
    27.       My_String(Secondary_Loop_Counter) := Swap_Character;
    28.       if My_String(Primary_Loop_Counter) /= My_String(Secondary_Loop_Counter) then
    29.          Is_Palindrome := False;
    30.       end if;
    31.       Primary_Loop_Counter := Primary_Loop_Counter + 1;
    32.       Secondary_Loop_Counter := Secondary_Loop_Counter - 1;
    33.       exit when Primary_Loop_Counter > Secondary_Loop_Counter;
    34.    end loop;
    35.    if Is_Palindrome then
    36.       Ada.Text_Io.Put_Line("The input string is a palindrome!");
    37.       for I in 1 .. Length loop
    38.          Ada.Text_Io.Put(My_String(I));
    39.       end loop;
    40.       Ada.Text_Io.New_Line;
    41.    else
    42.       Ada.Text_Io.Put_Line("The string is not a palindrome");
    43.       Ada.Text_Io.Put("The reversed string is: ");
    44.       for I in 1 .. Length loop
    45.          Ada.Text_Io.Put(My_String(I));
    46.       end loop;
    47.    end if;
    48.
    49.
    50.
    51. end Palindrome;

CP 10) TOTAL 30 points
Convert the following:

f. 1.7 into 8-bit floating point notation. Is there a loss of precision?

4 points for correct conversion
1 point for detecting loss of precision
TOTAL 5 points

10 points for correct
implementation of algorithm



Convert 0.7 into binary notation:

There decimal point was not
moved during the conversion,
so the exponent is 011

The sign is positive, hence 0

Hence, 1.7 in 8-bit floating point
can be represented as:

0 0 1 1 1 0 1 1

There is a loss of precision because 1011 = 0.6875, which is not equal to 0.7

g. -113.3125 into 32-bit floating point notation

Convert the decimal and fractional parts into binary,

113.312510 = 1110001.01012

Normalize it, we get:

1110001.0101 _ 20 = 1.1100010101 _ 26

The sign bit is negative, hence, 1

The mantissa is a 23 bit number, that can be represented as
11000101010000000000000
The 8 bit exponent field is expressed in bias 127 as

6 + 127 = 13310 = 100001012

Hence: -113.3125 =

11000010
1

1100010101000000000000
0

h. 001001102 into decimal (assume 8-bit floating point representation)

0
01
0

011
0

Sign = 0
Mantissa: 1.011

0.7 * 2 = 1.4 1
0.4 * 2 = 0.8 0
0.8 * 2 = 1.6 1
0.6 * 2 = 1.2 1
0.2 * 2 = 0.4 0
0.4 * 2 = 0.8 0
0.8 * 2 = 1.6 1
. . .

1 point for correct sign
2 points for exponent
2 points for correct conversion into dec
TOTAL 5 points

1 point for correct sign
3 points for correct
exponent
3 points for correct mantissa
TOTAL 7 points



Exponent: 0102 = 210, 2 - 3 = -1

Hence number = 1.011 * 10-1

= 0.1011

Converting into decimal,

0 . 1 0 1 1
1 0.5 0.25 0.125 0.0625

0 + 0.5 + 0 + 0.125 + 0.0625 = 0.6875

Hence, 00100110 = 0.6875

i. B3983AB116 into decimal (assume 32 bit floating point representation)

Convert the hexadecimal notation into binary

B 3 9 8 3 A B 1
1011 0011 1001 1000 0011 1010 1011 0001

=

1 01100111 00110000011101010110001

Mantissa: 1.00110000011101010110001.

1 . 0 0 1 1 0 0 0 0 0 1 . . .
1 0.5 0.25 0.125 0.0625 0.0009765625

1 + 0 + 0 + 0.125 + 0.0625 = 1.1875

Exponent: 011001112 = 10310,

Computing actual exponent from the bias, 103 - 127 = -24.

Result (approximate value): Compute: 1.1875 _ 2-24 = 7.08 _ 10-8

The sign bit is negative, hence -7.08 _ 10-8

3 points for correct conversion from
hexadecimal to binary

3 points for correct exponent
3 points for correct mantissa
1 point for sign bit
3 points for correct decimal value

TOTAL for problem: 30 points






















