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Computational Thinking
Recursion

A routine that calls itself

Recursion has two parts: a base case (small enough to solve directly)
and a recursive case (reduce the input and call itself).
FUNCTION Factorial(n)
IF n = 0 OR n = 1 THEN
RETURN 1

ELSE
RETURN n * Factorial(n − 1)

ENDIF

Without a base case the recur-
sion never stops – a stack over-
flow .
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Recursion

What the stack holds

Each call adds a frame with its own parameters and return address; the base case
is what lets the stack unwind.

Factorial(4)

Factorial(3)

Factorial(2)

Factorial(1) = 1

calls
(push)

1 (base case)

2 = 2 × 1

6 = 3 × 2

24 = 4 × 6

returns
(pop)
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Recursion

Tracing Factorial(4) on the call stack

Each call has its own stack frame : parameters, locals, return address .
Fact(4) waits

Fact(3) waits

Fact(2) waits

Fact(1) = 1 Unwinding: 2× 1 = 2, 3× 2 = 6, 4× 6 = 24. There is no special

“recursion mechanism” – it is ordinary call-and-return.
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Recursion

Risks

infinite recursion if the base case is missed – crashes with a stack overflow .
high memory use for deep recursion.
slow if it repeats work (naive Fibonacci is exponential – use a loop or memoisation

).
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Recursion

What the compiler does for recursive code

Recursion needs each call to have its own copy of its parameters and local
variables .

The compiler keeps these on the call stack .
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Exercises 2.1·2.3

Factorial(4) Factorial(3) Factorial(2) Factorial(1)
= 1

calls calls calls

returns 1returns 2returns 6

result: 24

Factorial(4)

Factorial(3)

Factorial(2)

Factorial(1) = 1

calls
(push)

1 (base case)

2 = 2 × 1

6 = 3 × 2

24 = 4 × 6

returns
(pop)

Recursion builds up a call stack

The call stack
The compiler gives every call its own stack frame holding its parameters, local
variables and return address. On return, the value is passed back, the frame is
popped, and execution resumes at the return address – so calls don’t overwrite each
other’s variables. Missing the base case → infinite recursion → stack overflow.

Recursion vs iteration
Any recursive routine can be rewritten as an iterative one (a loop, plus your own
stack if needed). Iteration usually uses less memory (no stack frames) and runs
faster; recursion is often shorter and clearer for self-similar problems (trees, divide-
and-conquer).

2 Practice
Now apply the methods above.

2.1 State what a base case is. [1]

2.2 State what the recursive case does. [1]
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2.4 State two things each stack frame holds. [2]

3 Exam-style questions
3.1 Describe what is meant by recursion. [2]

3.2 Trace Factorial(4). State the value returned at each level of the recursion. [3]

3.3 Explain what happens on the call stack each time a recursive function is called. [3]

3.4 Give one feature that makes a problem suitable for recursion, and one example
application. [2]

3.5 State one advantage and one disadvantage of writing a routine recursively instead
of iteratively. [2]
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Factorial(4) Factorial(3) Factorial(2) Factorial(1)
= 1

calls calls calls

returns 1returns 2returns 6

result: 24

Factorial(4)

Factorial(3)

Factorial(2)

Factorial(1) = 1

calls
(push)

1 (base case)

2 = 2 × 1

6 = 3 × 2

24 = 4 × 6

returns
(pop)

Recursion builds up a call stack

The call stack
The compiler gives every call its own stack frame holding its parameters, local
variables and return address. On return, the value is passed back, the frame is
popped, and execution resumes at the return address – so calls don’t overwrite each
other’s variables. Missing the base case → infinite recursion → stack overflow.

Recursion vs iteration
Any recursive routine can be rewritten as an iterative one (a loop, plus your own
stack if needed). Iteration usually uses less memory (no stack frames) and runs
faster; recursion is often shorter and clearer for self-similar problems (trees, divide-
and-conquer).

2 Practice
Now apply the methods above.

2.1 State what a base case is. [1]

2.2 State what the recursive case does. [1]

A-Level Computer Science • 19.2 Recursion 2

Solutions
Each answer shows the steps, then the result.

2.1

• the simplest case, solved directly without another recursive call – it stops the
recursion

2.2

• reduces the input and calls the function again (on the smaller problem)

2.3

• the recursion never stops – it runs until the call stack overflows and the program
crashes

2.4

• any two: the parameters; the local variables; the return address

3.1

• a technique where a function calls itself
• with a smaller version of the problem until a base case is reached

3.2

• Factorial(1) returns 1; Factorial(2) returns 2; Factorial(3) returns 6; Factorial(4)
returns 24

3.3

• a new stack frame is pushed, holding that call’s parameters, local variables and
return address

• the call runs, and on return its value is passed back and the frame is popped
• execution resumes at the return address in the caller

3.4

• feature: the problem is self-similar / can be broken into smaller versions of itself
• example: traversing a tree, binary search, merge sort, factorial/Fibonacci

3.5

• advantage: shorter, clearer code for self-similar problems
• disadvantage: it uses more memory (a stack frame per call) and can cause a stack

overflow, and is often slower
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2.3 State what happens if a recursive function has no base case. [1]

2.4 State two things each stack frame holds. [2]

3 Exam-style questions
3.1 Describe what is meant by recursion. [2]

3.2 Trace Factorial(4). State the value returned at each level of the recursion. [3]

3.3 Explain what happens on the call stack each time a recursive function is called. [3]

3.4 Give one feature that makes a problem suitable for recursion, and one example
application. [2]

3.5 State one advantage and one disadvantage of writing a routine recursively instead
of iteratively. [2]
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Exercises 2.4·3.2
2.3 State what happens if a recursive function has no base case. [1]

2.4 State two things each stack frame holds. [2]

3 Exam-style questions
3.1 Describe what is meant by recursion. [2]

3.2 Trace Factorial(4). State the value returned at each level of the recursion. [3]

3.3 Explain what happens on the call stack each time a recursive function is called. [3]

3.4 Give one feature that makes a problem suitable for recursion, and one example
application. [2]

3.5 State one advantage and one disadvantage of writing a routine recursively instead
of iteratively. [2]
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Solutions
Each answer shows the steps, then the result.

2.1

• the simplest case, solved directly without another recursive call – it stops the
recursion

2.2

• reduces the input and calls the function again (on the smaller problem)

2.3

• the recursion never stops – it runs until the call stack overflows and the program
crashes

2.4

• any two: the parameters; the local variables; the return address

3.1

• a technique where a function calls itself
• with a smaller version of the problem until a base case is reached

3.2

• Factorial(1) returns 1; Factorial(2) returns 2; Factorial(3) returns 6; Factorial(4)
returns 24

3.3

• a new stack frame is pushed, holding that call’s parameters, local variables and
return address

• the call runs, and on return its value is passed back and the frame is popped
• execution resumes at the return address in the caller

3.4

• feature: the problem is self-similar / can be broken into smaller versions of itself
• example: traversing a tree, binary search, merge sort, factorial/Fibonacci

3.5

• advantage: shorter, clearer code for self-similar problems
• disadvantage: it uses more memory (a stack frame per call) and can cause a stack

overflow, and is often slower
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Exercises 3.3·3.4

2.3 State what happens if a recursive function has no base case. [1]

2.4 State two things each stack frame holds. [2]

3 Exam-style questions
3.1 Describe what is meant by recursion. [2]

3.2 Trace Factorial(4). State the value returned at each level of the recursion. [3]

3.3 Explain what happens on the call stack each time a recursive function is called. [3]

3.4 Give one feature that makes a problem suitable for recursion, and one example
application. [2]

3.5 State one advantage and one disadvantage of writing a routine recursively instead
of iteratively. [2]
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Solutions
Each answer shows the steps, then the result.

2.1

• the simplest case, solved directly without another recursive call – it stops the
recursion

2.2

• reduces the input and calls the function again (on the smaller problem)

2.3

• the recursion never stops – it runs until the call stack overflows and the program
crashes

2.4

• any two: the parameters; the local variables; the return address

3.1

• a technique where a function calls itself
• with a smaller version of the problem until a base case is reached

3.2

• Factorial(1) returns 1; Factorial(2) returns 2; Factorial(3) returns 6; Factorial(4)
returns 24

3.3

• a new stack frame is pushed, holding that call’s parameters, local variables and
return address

• the call runs, and on return its value is passed back and the frame is popped
• execution resumes at the return address in the caller

3.4

• feature: the problem is self-similar / can be broken into smaller versions of itself
• example: traversing a tree, binary search, merge sort, factorial/Fibonacci

3.5

• advantage: shorter, clearer code for self-similar problems
• disadvantage: it uses more memory (a stack frame per call) and can cause a stack

overflow, and is often slower
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Exercise 3.5

2.3 State what happens if a recursive function has no base case. [1]

2.4 State two things each stack frame holds. [2]

3 Exam-style questions
3.1 Describe what is meant by recursion. [2]

3.2 Trace Factorial(4). State the value returned at each level of the recursion. [3]

3.3 Explain what happens on the call stack each time a recursive function is called. [3]

3.4 Give one feature that makes a problem suitable for recursion, and one example
application. [2]

3.5 State one advantage and one disadvantage of writing a routine recursively instead
of iteratively. [2]
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