
Higher-order Functions
Functions as Parameters

Lecture 13



Assignments

• WS4 – Functional Interfaces – Due Tuesday 10/10 at 11:59pm

• PS3 – CPU Hat Heist

• Will go live tonight and be due Tuesday 10/17 at 11:59pm – START EARLY

• A gang of 4 UTAs has stolen the coveted CPU Hat and I need your help figuring 
out who they are and where CPU hat is. Luckily, I have a CSV data log of 
everyone on the team's GPS coordinates and the messages they sent to a 
group chat on the evening of the heist.

• An anonymous tip: "a highly suspicious woman was seen texting near the Old 
Well carrying the CPU Hat early in the evening"



1. Given the functional 
interface Reducer<T, U>
below, which of the 
functions to the right is-a
Reducer?

interface Reducer<T, U> {
(memo: U, element: T): U;

}

function isLong(s: string): boolean {
return s.length > 5;

}

function prepend(a: string, b: string): string {
return b + a;

}

function toStars(n: number): string {
let stars: string = "";
let i: number = 0;
while (i < n) {

stars = stars + "*";
i++;

}
return stars;

}

function isSumPositive(a: number, b: number): boolean {
return a + b > 0;

}



2. Given the following code...
interface Reducer<T, U> {

(memo: U, element: T): U;
}

function reduce(a: number[], reducer: Reducer<number, number>, memo: number): number {
let i: number = 0;
while (i < a.length) {

memo = reducer(memo, a[i]);
i++;

}
return memo;

}

function product(a: number, b: number): number {
return a * b;

}

reduce([2, 3], product, 2)

What is returned by this function call...



The Reducer<T, U> Functional Interface

• Examples are functions that:
1. take two numbers and return their sum

2. take a number and a string and returns the string's length added to the number

interface Reducer<T, U> {
(memo: U, element: T): U;

}

function sum(memo: number, n: number): number {
return memo + n;

}

1

function sumLengths(memo: number, s: string): number {
return memo + s.length;

}

2



The reduce Algorithm

element 2 5 4
index 0 1 2

function sum(memo: number, n: number): number {
return memo + n;

}

memo:

0

a:

a.reduce(sum, 0)

When the reduce method is called on array a with sum as the reducer and 0 as the initial 
memo value, this is our starting "state" in memory.

0



The reduce Algorithm

element 2 5 4
index 0 1 2

function sum(memo: number, n: number): number {
return memo + n;

}

memo:

0

a:

a.reduce(sum, 0)

Internally, the reduce method will call the sum reducer with memo's current value and 
the first element in the array.

1

sum(memo, a[0])



The reduce Algorithm

element 2 5 4
index 0 1 2

function sum(memo: number, n: number): number {
return memo + n;

}

memo:

0

a:

a.reduce(sum, 0)

Substituting those values, our first call to the sum reducer will sum 0 and 2. This will 
return a value of 2.

2

sum(0, 2) 2



The reduce Algorithm

element 2 5 4
index 0 1 2

function sum(memo: number, n: number): number {
return memo + n;

}

memo:

2

a:

a.reduce(sum, 0)

That returned value of 2 will be assigned to memo.

3

sum(0, 2) 2



The reduce Algorithm

element 2 5 4
index 0 1 2

function sum(memo: number, n: number): number {
return memo + n;

}

memo:

2

a:

a.reduce(sum, 0)

Reduce will then move to the next element in the array and repeat this process.

4

sum(memo, a[1])



The reduce Algorithm

element 2 5 4
index 0 1 2

function sum(memo: number, n: number): number {
return memo + n;

}

memo:

2

a:

a.reduce(sum, 0)

Substituting memo and a[1], the sum reducer function is called with 2 and 5 returning 7.

5

sum(2, 5) 7



The reduce Algorithm

element 2 5 4
index 0 1 2

function sum(memo: number, n: number): number {
return memo + n;

}

memo:

7

a:

a.reduce(sum, 0)

The value of memo is assigned the return value of this subsequent call to the reducer.

5

sum(2, 5) 7



The reduce Algorithm

element 2 5 4
index 0 1 2

function sum(memo: number, n: number): number {
return memo + n;

}

memo:

7

a:

a.reduce(sum, 0)

Reduce will then move to the next element in the array and repeat this process.

6

sum(memo, a[2])



The reduce Algorithm

element 2 5 4
index 0 1 2

function sum(memo: number, n: number): number {
return memo + n;

}

memo:

7

a:

a.reduce(sum, 0)

Substituting memo and a[2], the sum reducer function is called with 7 and 4 returning 11.

7

sum(7, 4) 11



The reduce Algorithm

element 2 5 4
index 0 1 2

function sum(memo: number, n: number): number {
return memo + n;

}

memo:

11

a:

a.reduce(sum, 0)

8

sum(7, 4) 11

The value of memo is assigned the return value of this subsequent call to the reducer.



The reduce Algorithm

element 2 5 4
index 0 1 2

function sum(memo: number, n: number): number {
return memo + n;

}

memo:

11

a:

a.reduce(sum, 0)

8

After all elements of the array have been visited, the value remaining in the memo variable 
is returned to where the reduce method was called.



Array's reduce Method

• Every array of type T[] has a reduce method.

• The reduce method has two parameters: 
1. a Reducer<T, U> of the same type T 
2. An initial memo ("memory" accumulator) value of type U

• For example:
let a: string[] = ["one", "two", "three"];
let reducer: Reducer<string, number> = sumLengths;
let b: number = a.reduce(reducer, 0);
print(b); // Prints: 11

• Calling the reduce method on array a will return a single value of type U. Starting with the initial 
memo parameter, it will call the reducer with memo and each element in a successively replacing 
memo's value with the reducer's returned value. The final memo value is returned.



Reducer<T, U> / reduce Method 
Follow-along
• Open lec13 / 00-reduce-app.ts

• Let's try printing the return values of calling reduce with a few of the 
reducers defined below!

print(numbers.reduce(sum, 0));
print(numbers.reduce(min, Number.MAX_VALUE));

print(strings.reduce(append, ""));
print(strings.reduce(commaSeparate, ""));
print(strings.reduce(sumLengths, 0));



Aside: A second style of loop statement...

• The while loop statement is the most flexible and powerful kind of 
loop at our disposal.

• However, it's easy to accidentally write infinite loops.

• Today we'll learn the for loop statement.



#TBT: Writing a while loop that repeats a specific 
number of times.

• Repeating a task a specific number 
of times is a very common task in 
computing.

• You will see this all semester.

• Three keys:
1) Declare a counter variable and 

initialize it to 0.
2) The loops test will check that the 

counter variable is less than the # 
of times you want to repeat

3) Don't forget! The last step of the 
repeat block is incrementing your 
counter variable.

let i: number = 0;

while (i < ____) {

// Do Something Useful

i = i + 1;

}

1

2

3



The for Loop Statement

• General form:

for ( <variable initialization> ; <boolean test> ; <variable modification> ) {

<repeat block>

}

1 2

3

4

1. Counter variable is initialized

2. Boolean test is evaluated
True? – 3. Repeat block is entered and runs.

4. Then, counter variable modified.
Finally, loop back to step #2.

False? – 5. Skip repeat block and loop is complete.

5



The for Loop Statement

• General form:

for ( let i: number = 0 ; i < 10 ; i++ ) {

<repeat block>

}

1 2

3

4

1. Counter variable is initialized

2. Boolean test is evaluated
True? – 3. Repeat block is entered and runs.

4. Then, counter variable modified.
Finally, loop back to step #2.

False? – 5. Skip repeat block and loop is complete.

5



Follow-along: for Loop Example

• Open lec13 / 01-for-loops-app.ts

print("For Loop Examples");
for (let i: number = 0; i < 10; i++) {

print(i);
}



What's so great about a for loop?

• Special syntax for the common while loop pattern using a counter variable
• But to the computer, each is exactly the same!

• For us as human programmers, the for loop syntax has two benefits:

1. You are much less likely to accidentally write an infinite loop

2. The counter variable is only defined within the for-loops repeat block
• Kind of like a function's parameter is only accessible inside of the function body.

• This means you can have a sequence of for loops that each use, say i, as the counter variable.

• Generally, once the syntax is familiar, for-loops are less human-error prone



Implementing our own filter-map-reduce Functions

• Typically you'll use a language's built-in reduce/map/filter methods

• But as computer scientists… we can write our own!

• Now that we have functional interfaces, there's not much magic to it.

• These are beautiful, early examples of process abstraction. In writing 
these functions we are "abstracting away" the ideas of 3 processes: 
filtering, mapping, and reducing.



Hands-on: Implement reduce

• Open 02-reduce-implementation-app.ts

• Under TODO #1, in the reduce function, write a for loop (syntax below)

• In its repeat block, it should:

assign to the memo variable, the result of calling the reducer parameter 
with memo and a[i] as arguments

• Check-in when 11 is printing to the screen comp110.com/pollev

for (let i: number = 0; i < a.length; i++) {
// …

}



function reduce(a: string[], reducer: Reducer<string, number>, memo: number): number {
for (let i: number = 0; i < a.length; i++) {

memo = reducer(memo, a[i]);
}
return memo;

}



Follow-along: Writing a generic reduce function

• Writing generic functions can be tricky. We will not expect you to be able 
to do this without a lot of guidance. However, it's a valuable experience 
to see how they come together. Let's make reduce generic together.

function reduce<T, U>(a: T[], reducer: Reducer<T, U>, memo: U): U {
for (let i: number = 0; i < a.length; i++) {

memo = reducer(memo, a[i]);
}
return memo;

}



Hands-on: Implement map

• Open 03-map-implementation.ts

• Under TODO #1, in the map function, write a for loop (syntax below)

• In its repeat block, it should:

Assign to the results array at index i the value returned by calling the
transform parameter with a[i] as an argument.

• Check-in when 3, 3, 5 are printing to screen at comp110.com/pollev

for (let i: number = 0; i < a.length; i++) {
// …

}



function map(a: string[], transform: Transform<string, number>): number[] {
let result: number[] = []; 
for (let i: number = 0; i < a.length; i++) {

result[i] = transform(a[i]);
}
return result;

}



Follow-along: Writing a generic map function

function map(a: string[], transform: Transform<string, number>): number[] {
let result: number[] = []; 
for (let i: number = 0; i < a.length; i++) {

result[i] = transform(a[i]);
}
return result;

}

function map<T, U>(a: T[], transform: Transform<T, U>): U[] {
let result: U[] = [];
for (let i: number = 0; i < a.length; i++) {

result[i] = transform(a[i]);
}
return result;

}

• Again, writing generic functions is beyond the scope of COMP110
this semester. However, if you're continuing on in CS, spending some 
time to make sense of these concepts now will pay dividends.



Hands-on: Implement filter

• Open 04-filter-implementation.ts

• Under TODO #1, in the filter function, write a for loop.

• In its repeat block, it should:

Have an if-then statement whose condition is a call to the predicate 
parameter with a[i] as an argument. When true, the then-block should
append a[i] to the result array.

• Hint- append to an array by writing: arrayName[arrayName.length] = value;

• Check-in when 1, 2 are printing to screen at comp110.com/pollev



function filter(a: number[], predicate: Predicate<number>): number[] {
let result: number[] = [];
for (let i: number = 0; i < a.length; i++) {

if (predicate(a[i])) {
result[result.length] = a[i];

}
}
return result;

}



Follow-along: Writing a generic filter function

function filter(a: number[], predicate: Predicate<number>): number[] {
let result: number[] = [];
for (let i: number = 0; i < a.length; i++) {

if (predicate(a[i])) {
result[result.length] = a[i];

}
}
return result;

}

function filter<T>(a: T[], predicate: Predicate<T>): T[] {
let result: T[] = [];
for (let i: number = 0; i < a.length; i++) {

if (predicate(a[i])) {
result[result.length] = a[i];

}
}
return result;

}



Function calls vs. Method calls

• Notice that in calling our map function, we provided the strings array 
as the first argument:

• However, when we use the built-in map method, we are calling the 
map method on the strings array.

map(strings, toLength)

let strings: string[] = ["one", "two", "three"];

strings.map(toLength);



Reminder:
use the built-in filter/map/reduce methods

We implemented our own in lecture today to investigate the 

computer science fundamentals behind each.



Polymorphism

• The generic filter/map/reduce functions are examples of a CS concept 
called polymorphism or more specifically parametric polymorphism

• We are able to call the generic filter/map/reduce functions on arrays
of any type, applying the same process to each element in an array, as
long as we supply a predicate/transform/reducer of a matching type.

• This allows us to plug-in just the specific logic or steps we care about 
to a well defined process, without having to reimplement the process.


