
Is Functional 
Programming Worth 
it?
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Correctness, Performance & Complexity



John McClean architect @Oath
Maintainer of cyclops-react
2nd visit to St. Petersburg
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Hello
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Agenda
- Correctness
- Collections types 
- mutable
- immutable
- persistent

- Choosing between collection types
- Conversions
- Is Functional Programming Worth It?



Correctness?
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Informally

An algorithm is correct if it is error free
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Errors
- Compile time errors
- Runtime errors
- Logic errors
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Functional Programming
- Compile time errors
- Runtime errors
- Logic errors
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Why do FP?



Compile time correctness
9

Why do FP?



Collection Types
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mutable collections
Correctness, performance, complexity?



12

Mutable Data Structures

Definition Correctness Performance Complexity

Collections that can be 
mutated in place
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Mutable Data Structures

Definition Correctness Performance Complexity

Collections that can be 
mutated in place

Generally Simple
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Time Complexity

Type / Op. get update append delete

Mutable O(1) O(1) O(1) / O(n) O(1) / O(n)
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Mutable Data Structures

Definition Correctness Performance Complexity

Collections that can be 
mutated in place

Generally good Generally Simple
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Can we assume 
saveActiveUsers
does not mutate list?

userIds returned to client 
unchanged? 
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userIds no longer reflects recent users in 
the Context

our input list is mutated
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Mutable Data Structures

Definition Correctness Performance Complexity

Collections that can be 
mutated in place

Can’t rely on them 
being unchanged

Generally good Generally Simple
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Mutable Data Structures

Definition Correctness Performance Complexity
(of 
implementation)

Complexity
(of client code)

Collections that 
can be mutated 
in place

Can’t rely on 
them being 
unchanged

Generally 
good.  

Generally 
Simple

Difficult to 
reason about
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immutable 
collections
Correctness, performance, complexity?
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JDK Unmodifiable
16
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‘Unmodifiable’ Data Structures
Definition Correctness Performance

(access)
Performance
(append / update)

Complexity
(of implementation)

Complexity
(client code)

Collections that 
expose an 
unmodifiable 
view



Definition Correctness Performance
(access)

Performance
(append / update)

Complexity
(of implementation)

Complexity
(client code)

Collections that 
expose an 
unmodifiable 
view

Good Simple 
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‘Unmodifiable’ Data Structures



28



29



30

UnsupportedOperationException

20



Definition Correctness Performance
(access)

Performance
(append / update)

Complexity
(of implementation)

Complexity
(client code)

Collections that 
expose an 
unmodifiable 
view

API may 
throw 
Exceptions

Good Simple Difficult to 
reason 
effectively 
about
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‘Unmodifiable’ Data Structures
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Time Complexity

Type / Op. get update append delete

Unmodifiable O(1) O(n) O(n) O(n)



Definition Correctness Performance
(access)

Performance
(append / update)

Complexity
(of implementation)

Complexity
(client code)

Collections that 
expose an 
unmodifiable 
view

API may 
throw 
Exceptions

Good Requires 
copy-on-write

Simple Difficult to 
reason 
effectively 
about
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‘Unmodifiable’ Data Structures
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Definition Correctness Performance
(access)

Performance
(append / update)

Complexity
(of implementation)

Complexity
(client code)

Collections that 
expose an 
unmodifiable 
view

API may 
throw 
Exceptions

Original 
collection can 
be mutated

Good Requires 
copy-on-write

Simple Difficult to 
reason 
effectively 
about
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‘Unmodifiable’ Data Structures
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Guava Immutable
30



Removes the reference 
to a mutable collection

40



Definition Correctness Performance
(access)

Performance
(append / update)

Complexity
(of implementation)

Complexity
(client code)

Collections that 
expose an 
unmodifiable 
view

API may 
throw 
Exceptions

Original 
collection can 
be mutated

Good Requires 
copy-on-write

Simple Difficult to 
reason 
effectively 
about
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‘Unmodifiable’ Data Structures



Definition Correctness Performance
(access)

Performance
(append / update)

Complexity
(of implementation)

Complexity
(client code)

Collections that 
can’t be 
changed

API may 
throw 
Exceptions

Good Requires 
copy-on-write

Simple Still difficult 
to reason 
effectively 
about
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Immutable Data Structures (Guava)
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UnsupportedOperationException

35
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Time Complexity

Type / Op. get update append delete

Immutable O(1) O(n) O(n) O(n)



Definition Correctness Performance
(access)

Performance
(append / update)

Complexity
(of implementation)

Complexity
(client code)

Collections that 
can’t be 
changed

API may 
throw 
Exceptions

Good Requires 
copy-on-write

Simple Still difficult 
to reason 
effectively 
about
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Immutable Data Structures (Guava)
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persistent 
collections
Correctness, performance, complexity?
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Cyclops 
Persistent

40



Definition Correctness Performance
(access)

Performance
(append / update)

Complexity
(of implementation)

Complexity
(client code)

Immutable 
shared 
memory 
collections
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Persistent Data Structures (Cyclops)



Definition Correctness Performance
(access)

Performance
(append / update)

Complexity
(of implementation)

Complexity
(client code)

Collections that 
can’t be 
changed

API may 
throw 
Exceptions

Good Requires 
copy-on-write

Simple Still difficult 
to reason 
effectively 
about
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Immutable Data Structures (Guava)



Make Illegal 
States 
Unrepresentable

52
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NoSuchElementException

20
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Definition Correctness Performance
(access)

Performance
(append / update)

Complexity
(of implementation)

Complexity
(client code)

Immutable 
shared 
memory 
collections

API should
make illegal 
states 
unrepresentable

Keeps it 
simple
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Persistent Data Structures (Cyclops)



Performance?
61



Daniel Spiewak

Extreme Functional 
Cleverness
https://www.youtube.com/watch?v=pNhBQJN44YQ



Bitmapped vector trie
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Time Complexity

Type / Op. get update append delete

Persistent O(log(n)) O(log(n)) O(log(n)) O(log(n))



Some 
performance 
benchmarks
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Definition Correctness Performance
(access)

Performance
(append / update)

Complexity
(of implementation)

Complexity
(client code)

Immutable 
shared 
memory 
collections

API should
make illegal 
states 
unrepresentable

Reasonable 
in most cases

Reasonable 
in most cases

Keeps it 
simple
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Persistent Data Structures (Cyclops)



Debugging
70
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Definition Correctness Performance
(access)

Performance
(append / update)

Complexity
(of implementation)

Complexity
(client code)

Immutable 
shared 
memory 
collections

API should
make illegal 
states 
unrepresentable

Reasonable 
in most cases

Reasonable 
in most cases

May be 
more 
complex

Keeps it 
simple
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Persistent Data Structures (Cyclops)



A more complex 
example
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Eval
40
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StackOverflowError

20
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Eval
Stacktrace
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Stream
Stacktrace



Definition Correctness Performance
(access)

Performance
(append / update)

Complexity
(of implementation)

Complexity
(client code)

Immutable 
shared 
memory 
collections

API should
make illegal 
states 
unrepresentable

Reasonable 
in most cases

Reasonable 
in most cases

May be 
more 
complex

Keeps it 
simple
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Persistent Data Structures (Cyclops)
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Choosing 
Collections
know your goals
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Know your goals
40



86

if( correctness > performance )

Guava style Immutable Cyclops style persistent

API throws Exceptions Makes illegal states 
unrepresentable
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Guava style Immutable Cyclops style persistent

Generally poor 
performance

Reasonable 
performance

else if( writes > reads )
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else if( reads >> writes )

Guava style Immutable Cyclops style persistent

Good performance Reasonable 
performance (but slower)
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Danger 
Conversions!
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Mutable to 
Immutable
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Performance hit
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Performance hit?
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Immutable to 
Mutable
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Safely
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Views
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UnsupportedOperationException
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UnsupportedOperationException

20
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Lists
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UnsupportedOperationException
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UnsupportedOperationException

20



Mutable to immutable involves a performance hit

Using views involves compromising correctness

We can avoid this by copying (performance hit)

101

Conversions
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Is Functional 
Programming Worth 
It?
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YES WHEN
40



know your goals

limit complexity appropriately

make sure Java doesn’t undermine you!

104

You..



Thank you!
cyclops-react.io
github.com/aol/cyclops-react


