
COMP110 - Worksheet 03 Key Name: PID:

Please print out and fill in this worksheet by hand. Make sure that when submitting your assignment to
Gradescope, you scan each page as a whole page, and that they are uploaded in the correct order, in the proper
orientation, with no extra pages included. Points will be deducted for not following these guidelines.

1. Given the code listing below, draw an environment diagram paused at the moment line 3 is reached.

1 export let main = async () => {
2 let result = sum(3);
3 // Break here!
4 print(result);
5 };
6

7 let sum = (n: number): number => {
8 if (n <= 0) {
9 return 0;

10 } else {
11 return n + sum(n - 1);
12 }
13 };
14

15 main();

Stack

Globals

Heap

The following questions are about the state of the
program at the moment the evaluation is paused.

1.1 Including the frames for globals and main,
how many frames are on the stack when the break-
point is reached? 6

1.2 How many frames is the name n bound in?
4
1.3 How many objects or arrays are on the heap?
0
1.4 What is the printed output of this program
once it completes (ignoring the pause)?
6
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2. Write a recursive function called power that takes in two numbers, num and count, and returns a number
that is num multiplied by itself count times. For example:
power(2, 3); // returns 8

let power = (num: number, count: number): number => {
if (count === 1) {

return num;
}

return num * power(num, count - 1);
};

2.1 Write a recursive function called buildingPowers that takes in two numbers and a number array, and
returns a number array. Each number in the returned array should be the function call’s first argument
multiplied by itself the same number of times as its value. The array should have the outputs for all number
values from the first argument up to (but not including) the second argument. You must make use of power,
which you wrote previously. You should assume the second argument will be larger than the first, and that an
empty array is passed in initially. For example:
buildingPowers(3, 6, []); // returns [27, 256, 3125]

buildingPowers(2, 3, []); // returns [4]

let buildingPowers = (num: number, limit: number, arr: number[]): number[] => {
if (num === limit) {

return arr;
}

arr[arr.length] = power(num, num);

return buildingPowers(num + 1, limit, arr);
};
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3. Given the code listing below, draw an environment diagram then answer the questions that follow

1 class Node {
2 data: string = "";
3 left: Node = null;
4 right: Node = null;
5 }
6

7 export let main = async () => {
8 let myNode = new Node();
9 myNode.data = "A";

10

11 myNode.left = new Node();
12 myNode.left.data = "B";
13

14 myNode.right = new Node();
15 myNode.right.data = "C";
16

17 myNode.right.right = new Node();
18 myNode.right.right.data = "D";
19

20 goSee(myNode);
21 };
22

23 let goSee = (n: Node): void => {
24 if (n === null) {
25 print("Done!");
26 } else {
27 goSee(n.right);
28 print(n.data);
29 }
30 };
31

32 main();

Stack

Globals

Heap

The following questions are about the state of the
program at the moment the evaluation is finished.

3.1 How many frames on the stack are evaluating
the goSee function when the end of the environment
diagram is reached? 4
3.2 Using name resolution from the second to last
goSee frame, what does the expression myNode.data

evaluate to? “undefined”
3.3 Using name resolution from the second to last
goSee frame, what does the expression n.data eval-
uate to? “D”
3.4 How many objects or arrays are on the heap?
4
3.5 What is the printed output of this program
once it completes?
Done! ..D .. C .. A
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4. In the space below, write a recursive implementation of the modulo operator, called modulo, without using
the modulo operator % in your solution. The function should take in two numbers, the dividend and the divisor,
respectively, and return the value of the dividend % divisor (Hint: use subtraction). Both arguments will be
positive numbers. For example:
modulo(3, 2); // returns 1

export let modulo = (a: number, b: number): number => {
if (a - b < 0) {

return a;
}

if (a - b === 0) {
return 0;

}

return modulo(a - b, b);
};

5. Given the function below, answer the following questions.

1 let fibonacci = (n: number): number => {
2 if (n <= 1) {
3 return 0;
4 } else if (n <= 3) {
5 return 1;
6 }
7 return fibonacci(n - 1) + fibonacci(n - 2);
8 };
9 print(fibonacci(7));

5.1 What is the printed output? 8

5.2 Write a function call to fibonacci that will
return 2. fibonacci(4)

5.3 Based on your answer from 5.2, how many calls
to fibonacci are made (include the original call and
all resulting calls). 3
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6. In the space below, write a function called meanIterate which takes in an array of numbers and returns
the mean of the data set using iteration (by using a loop). You may assume the given array will not be empty.
Example: meanIterate([3, 2, 1]) //returns 2

let meanIterate = (x: number[]): number => {
let total = 0;
for (let i = 0; i < x.length; i++) {

total += x[i];
}
return total / x.length;

}

6.1 In the space below, write a function called meanRecur which takes in an array of numbers and an index
(which should be assumed to be 0 when the function is first called) and returns the mean of the data set using
recursion. Just as with meanIterate, you may assume the given array isn’t empty.
Hint: Think of how you would implement a sum function that adds an array of numbers recursively first.
Example: meanRecur([2, 6, 4], 0) //returns 4

let meanRecur = (x: number[], index: number): number => {
let current = 0;
if (index < x.length) {

current = x[index];
current += meanRecur(x, index + 1);

}
if (index === 0) {

return current / x.length;
} else {

return current;
}

};

6.2 Explain why it is necesary to have the second index argument in order to write this function recursively.
The index argument serves as ’memory’ between function calls
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7. Given the code listing below, draw an environment diagram then answer the questions that follow.

1 export let main = async () => {
2 let arr: string[] = ["r", "a", "d"];
3 print(pal(arr, 0));
4 };
5

6 let pal = (arr: string[], i: number): string => {
7 if (i < 0 || i >= arr.length) {
8 return "";
9 } else if (i === arr.length - 1) {

10 return arr[i];
11 } else {
12 return arr[i] + pal(arr, i + 1) + arr[i];
13 }
14 };
15

16 main();

Stack

Globals

Heap

The following questions are about the state of the
program at the moment the evaluation is finished.

7.1 The first conditional in pal on line 7 handles
edge cases. Give an example edge case function call
to pal. pal(["a"], -1); Any call where i <

0 or i >= arr.length.
7.2 The else-if conditional on line 9 is a base case.
What is the value of i in the frame where the base
case is reached? 2
7.3 How many recursive cases does the function
pal have? 1
7.4 How many string arrays are stored on the heap
when the environment diagram is complete? 1

7.5 The name arr in the main frame refers to an
array on the heap. When the environment diagram is
complete, how many other names on the stack refer
to that same array on the heap? 3
7.6 What is the printed output of this program
once it completes?
radar

7.7 What would the printed output have been if
the function call on line 3 was instead pal(arr, 1)?
ada
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