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Problem C11. Heap Sort 
 
a. Modify heap_sort_pset.ads: 
 
-- the binary tree package specifies the data structures and  
-- subprograms needed to create a binary tree, and the necessary 
-- heap_array 
with Binary_Tree; 
use Binary_Tree; 
 
package Heap_Sort_Pset is 
  
  -- set the maximum array size to be 10 
   Max_Array_Size : constant Integer := 10; 
    
   --YOU NEED TO MODIFY THIS FOR the problem set 
    
   --REPLACED: Heap_Array -> Node_Pointer_Array, Integer -> Nodeptr 
   type Node_Pointer_Array is array (1 .. Max_Array_Size) of Nodeptr;  
 
   --the procedure to create a heap array 
   --REPLACED: Heap_Array -> Node_Pointer_Array, 
   procedure Create_Heap_Array (Root : in Nodeptr; Output_Heap_Array : out Node_Pointer_Array; Size : Out Integer); 
     
   --procedure to heapify the array 
   --REPLACED: Heap_Array -> Node_Pointer_Array, 
   procedure Heapify( My_Array : in out Node_Pointer_Array; Parent : in integer; Size : in integer); 
   
   -- procedure to transform an array inorder to satisfy the heap property 
   --REPLACED: Heap_Array -> Node_Pointer_Array, 
   procedure Build_Heap ( My_Array : in out Node_Pointer_Array; Size : in Integer); 
 
   -- procedure to heap_sort the array   
   --REPLACED: Heap_Array -> Node_Pointer_Array, 
   procedure Heap_Sort(My_Array : in out Node_Pointer_Array; Size : in Integer); 
    
   --this procedure creates the links across the nodes of the tree after it has been 
   -- sorted. 
   -- THIS SUBPROGRAM HAS TO BE IMPLEMENTED IN THE PSET 
   --REPLACED: Heap_Array -> Node_Pointer_Array, 
   procedure Create_Links(My_Array : in out Node_Pointer_Array; Size : in integer); 
 
end Heap_Sort_Pset; 



 
 
b. Modify heap_sort_pset.adb: 
 
with Binary_Tree; 
use Binary_Tree; 
with Ada.Text_Io; 
 
package body Heap_Sort_Pset is 
 
   --the procedure to create a heap_array through the BFS of 
   -- of the tree. 
   procedure Create_Heap_Array ( 
         Root              : in     Nodeptr;             
         Output_Heap_Array :    out Node_Pointer_Array;       -- REPLACED: Heap_Array -> Node_Pointer_Array 
         Size :    out Integer ) is  
      Index        : Integer;   
      Temp_Array   : Node_Pointer_Array;                      -- REPLACED: Heap_Array -> Node_Pointer_Array 
      My_Bfs_Queue : My_Queue;   
      Temp         : Nodeptr;   
   begin 
      -- initialize the queue 
      Init_Queue(My_Bfs_Queue); 
      Index := 1; 
 
      --queue in the root node 
      Enqueue(My_Bfs_Queue, Root); 
 
      -- loop until there are no nodes in the queue 
      loop 
         exit when Empty_Queue(My_Bfs_Queue); 
 
         --get the first node from the queue 
         Dequeue(My_Bfs_Queue, Temp); 
 
         --THIS LINE NEEDS TO BE CHANGED 
         -- store the element in temp_array 
         Temp_Array(Index) := Temp;                           -- DELETED: .Element 
 
         Index := Index +1; 



         --if the left child is not null, enqueue it 
         if Temp.Left_Child /= null then 
            Enqueue(My_Bfs_Queue, Temp.Left_Child); 
         end if; 
         --if the right child is not null, enqueue it 
         if Temp.Right_Child /= null then 
            Enqueue(My_Bfs_Queue, Temp.Right_Child); 
         end if; 
 
      end loop; 
      --store the actual number of nodes in the tree into size 
      Size := Index -1; 
      -- store the temp_array into my_array 
      Output_Heap_Array := Temp_Array; 
   end Create_Heap_Array; 
 
 
   --procedure to get the array to satisfy the heap property 
   procedure Heapify ( 
         My_Array : in out Node_Pointer_Array;                -- REPLACED: Heap_Array -> Node_Pointer_Array 
         Parent : in     Integer;  
         Size   : in     Integer  ) is  
      Lchild  : Integer;   
      Rchild  : Integer;   
      Largest : Integer;   
      --THIS DECLARATION NEEDS TO BE CHANGED 
      Temp : Nodeptr;                                         -- REPLACED: Integer -> Nodeptr 
 
   begin 
      Lchild := Parent*2; 
      Rchild := Lchild+1; 
 
      Largest := Parent; 
      if (Lchild <= Size) then 
         --THIS LINE OF CODE NEEDS TO BE MODIFIED 
         if (My_Array(Lchild).Element > My_Array(Parent).Element) then       -- ADDED: .Element 
            Largest := Lchild; 
         end if; 
      end if; 
 



      if (Rchild <= Size) then 
         --THIS LINE OF CODE NEEDS TO BE MODIFIED 
         if (My_Array(Rchild).Element > My_Array(Largest).Element) then      -- ADDED: .Element 
            Largest := Rchild; 
         end if; 
      end if; 
 
      if Largest /= Parent then 
         Temp := My_Array(Largest); 
         My_Array(Largest):= My_Array(Parent); 
         My_Array(Parent):= Temp; 
         Heapify(My_Array, Largest, Size); 
      end if; 
   end Heapify; 
 
   procedure Build_Heap ( 
         My_Array : in out Node_Pointer_Array;                -- REPLACED: Heap_Array -> Node_Pointer_Array 
         Size     : in     Integer             ) is  
   begin 
 
      for I in reverse 1 .. Size/2 loop 
         Heapify(My_Array, I, Size); 
      end loop; 
      Ada.Text_Io.New_Line; 
   end Build_Heap; 
 
   --heap_sort the array 
   procedure Heap_Sort ( 
         My_Array : in out Node_Pointer_Array;                -- REPLACED: Heap_Array -> Node_Pointer_Array 
         Size : in     Integer ) is  
      --THIS DECLARATION NEEDS TO BE MODIFIED 
      Temp          : Nodeptr;                                -- REPLACED: Integer -> Nodeptr 
      Reducing_Size : Integer;   
   begin 
      Reducing_Size := Size; 
      Build_Heap(My_Array, Reducing_Size); 
      for I in reverse 2 .. Size loop 
         Temp := My_Array(I); 
         My_Array(I) := My_Array(1); 
         My_Array(1) := Temp; 



         Reducing_Size := Reducing_Size -1; 
         Heapify(My_Array, 1, Reducing_Size); 
      end loop; 
   end Heap_Sort; 
 
   --this procedure creates the links across the nodes of the tree after it has been 
   -- sorted. 
   -- THIS SUBPROGRAM HAS TO BE IMPLEMENTED IN THE PSET 
   procedure Create_Links ( 
         My_Array : in out Node_Pointer_Array;                -- REPLACED: Heap_Array -> Node_Pointer_Array 
         Size     : in     Integer             ) is  
   begin 
                                                              -- ADDED: A BUNCH OF STUFF: 
      -- loop through the array, changing the links in the tree by using the rule: 
      -- Left_Child : 2*I 
      -- Right_Child (2*I)+1 
      for I in 1..Size loop 
         -- Link the Left Child if one exists 
         if I*2 <= Size then 
            -- if the index for our child is in the Array, link the parent to its left child 
            My_Array(I).Left_Child := My_Array(I*2); 
         else 
            -- otherwise, this parent doesn't have a left child 
            My_Array(I).Left_Child := null; 
         end if; 
         -- Link the Right Child if one exists 
         if (I*2)+1 <= Size then 
            -- if the index for our child is in the Array, link the parent to its right child 
            My_Array(I).Right_Child := My_Array((I*2)+1); 
         else 
            -- otherwise, this parent doesn't have a right child 
            My_Array(I).Right_Child := null; 
         end if; 
      end loop; 
   end Create_Links; 
 
end Heap_Sort_Pset; 
 
 
 



Problem C12. Robust Programming 
 
with Ada.Text_Io; 
with Ada.Integer_Text_Io; 
 
package body Robust_Array_Package is 
 
 
   procedure Create_Array ( 
         Robust_Input_Array : in out Robust_Array ) is  
   begin 
      Ada.Text_Io.Put("Please Enter the size of the array"); 
      Ada.Integer_Text_Io.Get(Robust_Input_Array.Size); 
      Ada.Text_Io.New_Line; 
      Ada.Text_Io.Skip_Line; 
 
      for I in 1  .. Robust_Input_Array.Size loop 
         Ada.Text_Io.Put("Please Enter the element"); 
         Ada.Integer_Text_Io.Get(Robust_Input_Array.User_Array(I)); 
         Ada.Text_Io.Skip_Line; 
         Ada.Text_Io.New_Line; 
      end loop; 
   end Create_Array; 
 
   procedure Get_Element ( 
         Input_Array : in     Robust_Array;  
         Index       : in     Integer;       
         Element     :    out Integer       ) is  
   begin 
      --check for overflow and underflow, and raise appropriate exceptions 
      --NEED TO IMPLEMENT THE RAISING OF EXCEPTIONS HERE 
       
      -- There is nothing particularly special in checking for an exception. 
      -- You can use an if-else statement like usual, the only difference is that you 'raise' 
      -- a error of type 'exception' 
 
      if Index <= 0 then 
         raise Underflow; 
      elsif Index > Input_Array.Size then 



         raise Overflow; 
      end if; 
       
      Element := Input_Array.User_Array(Index); 
 
   exception 
      when Constraint_Error => 
         Ada.Text_Io.Put_Line("Raised a constraint error"); 
         raise; 
 
         --NEED TO IMPLEMENT THE EXCEPTION HANDLERS HERE 
          
         -- After the keyword 'exception,' you insert a bunch of when statements to take care of exceptions 
         -- your procedure could raise. There are some exceptions built into Ada, such as "Constraint_Error." 
         -- Although the words 'raise Constraint_Error' never occur in the procedure above, the Array type 
         -- has this exception built right in. 
         -- 
         -- Below, we implement our exception 'handlers.' A handler consists of the code following the word  
         -- "when" and before the next word "when."  
         -- 
         -- Imagine that your computer is a person executing commands 
         -- line by line when all of a sudden something bad happens. This computer person 'raises' a sign  
         -- indicating what has happened. Another person or set of people, the exception handler[s],  
         -- look at the sign to tell which handler is the right one for the job. Once identified, the handler 
         -- tells the computer person what steps it should take to solve the problem. 
         -- That's it! 
         -- 
         -- The following exception handlers use the word "raise" at the end. This tells the program to  
         -- crash and exit. If you removed the words "raise" below, the program would simple SKIP the rest 
         -- of the current procedure and continue chugging through the remaining code. 
          
      when Underflow => 
         Ada.Text_Io.Put_Line("Underflow Error: Attempted to reference index" & Integer'Image(Index)); 
         raise; 
      when Overflow=> 
         Ada.Text_Io.Put_Line("Overflow Error: Attempted to reference index" & Integer'Image(Index)); 
         raise; 
   end; 
end Robust_Array_Package; 
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Problem S11 Solution (Signals and Systems)

Find the step response of the circuit below, using Laplace methods. The component
values are C = 0.5 F, L = 1 H, and R = 3 Ω.

+
L

Ru(t) y(t)

C +

Solution: Treat the components as comples impedances. The impedances are 1/Cs,
Ls, and R. The circuit is a voltage divider, so the transfer function is

G(s) =
R

1
Cs

+ Ls + R
=

RCs

LCs2 + RCs + 1

Plugging in component values,

G(s) =
1.5s

0.5s2 + 1.5s + 1
=

3s

s2 + 3s + 2
=

3s

(s + 1)(s + 2)

Since we are tying to find the step response, the input is u(t) = σ(t), which implies that

U(s) =
1
s
, Re[s] > 0

Therefore,

Y (s) = G(s)U(s) =
3s

s(s + 1)(s + 2)
=

3
(s + 1)(s + 2)

The r.o.c. of Y (s) must be Re[s] > −1, because G(s) is causal. The partial fraction expan-
sion is

Y (s) =
3

s + 1
− 3

s + 2
The inverse LT is then

y(t) = gs(t) = σ(t)
(
3e−t − 3e−2t

)
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Problem S12 (Signals and Systems)

1. From the problem statement,

ωn =
√

2
9.82 m/s2

129 m/s
= 0.1077 r/s

ζ =
1√

2(L0/D0

=
1√

2 · 15
= 0.0471

Therefore,

Ḡ(s) =
1

s (s2 + 0.01015s + 0.0116)

The roots of the denominator are at s = 0, and

s =
−0.01915±

√
0.010152 − 4 · 0.0116

2
= −0.005075± 0.1075j

So
Ḡ(s) =

1
s (s− [−0.005075 + 0.1075j]) (s− [−0.005075− 0.1075j])

Use the coverup method to obtain the partial fraction expansion

Ḡ(s) =
86.283

s
+

−43.142 + 2.036j

s− [−0.005075 + 0.1075j]

+
−43.142− 2.036j

s− [−0.005075− 0.1075j]

Taking the inverse Laplace transform (assuming that ḡ(t) is causal), we have

ḡ(t) =86.283σ(t)

+ (−43.142 + 2.036j)e(−0.005075+0.1075j)t

+ (−43.142− 2.036j)e(−0.005075−0.1075j)t

Therefore,

ḡ(t) = σ(t)
[
86.283 + 2e−0.005075t (−43.142 cos ωdt− 2.036 sinωdt)

]
= σ(t)

[
86.283 + (−86.284 cos ωdt− 4.072 sinωdt) e−0.005075t

]
where ωd = 0.1075 r/s. See below for the impulse response.

1



0 100 200 300 400 500 600
0

20

40

60

80

100

120

140

160

180

Im
pu

ls
e 

re
sp

on
se

, g
(t

)

Time, t (sec)

2. From the problem statement,

H(s)
R(s)

=
kḠ(s)

1 + kḠ(s)

=
k

1
s(s2 + 2ζωns + ω2

n)

1 + k
1

s(s2 + 2ζωns + ω2
n)

=
k

s3 + 2ζωns2 + ω2
ns + k

So the poles of the system are the roots of the denominator polynomial,

φ(s) = s3 + 2ζωns2 + ω2
ns + k = 0

The roots can be found using Matlab, a programmable calculator, etc. The plot of the
roots (the “root locus”) is shown below. Note that the oscillatory poles go unstable
at a gain of only k = 0.000118.
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3. The roots locus for negative gains can be plotted in a similar way, as below. Note
that the real pole is unstable for all negative k.

-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

Real part of s

Im
ag

in
ar

y 
pa

rt
 o

f s

3



Unified Engineering II Spring 2005

Problem S13 (Signals and Systems)

1. g(t) = cos(at)σ(−t). To do this problem, expand the sinusoid as complex exponentials,
so that

g(t) =
[
eajt + e−ajt

2

]
σ(−t)

Therefore, the LT is given by

G(s) =
∫ 0

−∞

[
eajt + e−ajt

2

]
e−st dt

For the LT to converge, the integrand must go to zero as t goes to −∞. Therefore,
the integral converges only for Re[s] < 0. The integral is then

G(s) =
∫ 0

−∞

[
eajt + e−ajt

2

]
e−st dt

=
1
2

[
1

−s + aj
e(aj−s)t

∣∣∣∣0
−∞

+
1

−s− aj
e(−aj−s)t

∣∣∣∣0
−∞

]

=
1
2

[
1

−s + aj
+

1
−s− aj

]
=

−s

s2 + a2
, Re[s] < 0

2.

g(t) = teatσ(−t)

The LT is given by

G(s) =
∫ 0

−∞
teate−st dt =

∫ 0

−∞
te(a−s)t dt

For the LT to converge, the integrand must go to zero as t goes to −∞. Therefore,
the integral converges only for Re[s] < a. To find the integral, integrate by parts:

G(s) =
∫ 0

−∞
te(a−s)t dt

= t
1

a− s
e(a−s)t

∣∣∣∣0
−∞
− 1

a− s

∫ 0

−∞
e(a−s)t dt

= 0− 1
a− s

∫ 0

−∞
e(a−s)t dt

= − 1
(a− s)2

e(a−s)t

∣∣∣∣0
−∞

= − 1
(s− a)2

, Re[s] < a

1



3.
g(t) = sin(ω0t) e−a|t|, for all t

The LT is given by

G(s) =
∫ ∞

−∞
sin(ω0t) e−a|t|e−st dt

For the LT to converge, the integrand must go to zero as t goes to −∞ and ∞.
Therefore, the integral converges only for −a < Re[s] < a. The integral is given by

G(s) =
∫ ∞

−∞
sin(ω0t) e−a|t|e−st dt

=
∫ 0

−∞
sin(ω0t) eate−st dt +

∫ ∞

0
sin(ω0t) e−ate−st dt

Expanding the sine term as

sin(ω0t) =
ejω0t − e−jω0t

2j

yields

G(s) =
∫ 0

−∞

ejω0t − e−jω0t

2j
eate−st dt +

∫ ∞

0

ejω0t − e−jω0t

2j
e−ate−st dt

=
∫ 0

−∞

e(jω0+a−s)t − e(−jω0+a−s)t

2j
dt +

∫ ∞

0

e(jω0−a−s)t − e(−jω0−a−s)t

2j
dt

=
1
2j

[
1

jω0 + a− s
− 1
−jω0 + a− s

− 1
jω0 − a− s

+
1

−jω0 − a− s

]
=

−ω0

s2 − 2as + a2 + ω2
0

+
ω0

s2 + 2as + a2 + ω2
0

, −a < Re[s] < a
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