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I don’t know what program correctness is…

§ We often speak of correctness in the context of programming, but I don’t think we know what we’re 
talking about

§ I often see assumptions related to code correctness that don’t hold up in practice

§ I want a more rigorous foundation for correctness

§ I want a better understanding of its limitations

This is supposed to be an interactive journey, please engage. I need your help



Some people don’t like this 
kind of talk…
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G.F.Y.
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What does correct mean?
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Exam correctness

§ Each response is said to either be “correct” 
or ”incorrect”

§ Correctness does not apply to the entirety 
of the filled out exam

§ An assessment is made based on the 
proportion of correct responses. 
(sometimes weighted)



What makes one answer 
correct and the others 
incorrect?
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How is correctness determined?

It isn’t determined by “the answer key”.

There’s got to be something more to it

What?
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Correctness

For correctness to be well-defined, it seems like

1. There needs to be an agreed-upon “basis of truth”.

1. Usually self-evident, but sometimes hypothetical

2. There’s usually some way to take claims beyond the 
basis of truth and demonstrate that the truth supports 
those claims or contradicts them.
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What is truth?
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Use an inspired person

§ “basis of truth” defined by a particular 
person’s authority

§ Requires very low mental energy
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Use an inspired book

§ Most questions can be answered

§ Requires derivation work

§ Subject to unresolvable contradictions
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Role your own

§ Requires a lot of mental energy

§ Constant vigilance is required to avoid 
contradictions

§ Frequently coincides with madness
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Your basis of truth?
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Is this program correct?

int main() {
    return 0;
}
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Is this program correct?

int main(_) {
    return 0;
}
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Is this program correct?

#include <climits>

int main() {
    int i = INT_MAX;
    i++;
    return 0;
}
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Is this program correct?

#include <cstdlib>

int main() {
    std::abort();
}
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Is this program correct?

#include <cstdlib>

int main() {
    std::exit(0);
}



What about function 
correctness?
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Is f correct?

void f(int &i) {
    i++;
}
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Is inc2 correct?

void f(int &i) {
    i++;
}

// Sets x to x+2
void inc2(int &x) {
    f(x);
    f(x);
}
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Is inc2 correct?

void f(int &i) {
    i++;
}

// Sets x to x+2
// - precondition: x < INT_MAX-2
void inc2(int &x) {
    f(x);
    f(x);
}
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Is inc3 correct?

// Sets x to x+2
// - precondition: x < INT_MAX-2
void inc3(int &x) {
    ++x;
    ++x;
}
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Is inc4 correct?

// Sets x to x+2
// - precondition: x < INT_MAX-2
void inc3(int &x) {
    ++x;
    ++x;
}

// Sets x to x+4
// - precondition: x < INT_MAX-4
void inc4(int &x) {
    inc3(x);
    inc3(x);
}
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Is qfe correct?

// Returns an x such that ax²+bx+c=0 holds
float qfe(float a, float b, float c) {
    return –b + sqrt(b*b – 4*a*c)/2*a;
}
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What can make qfe correct?

a. // Returns an x such that ax²+bx+c=0 holds

b. // Returns an x such that ax²+bx+c=0 holds or NaN 

c. // Returns an x such that ax²+bx+c=0 holds or NaN
    // if it’s outside the range that this function can compute.

d. // Returns an x such that ax²+bx+c=0 holds and none of the 
    // operations in ‘–b + sqrt(b*b – 4*a*c)/2*a’ overflow and
    // b² > 4ac

float qfe(float a, float b, float c) {
    return –b + sqrt(b*b – 4*a*c)/2*a;
}



Rigor
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Does program correctness have a mathematical basis?

Say a function specification is a predicate P over C++ functions fₓ.

P(fₓ) holds if fₓ adheres to the specification.

§ Are these predicates allowed to bifurcate based on non-lexical whitespace?

§ What if the predicates consisted of pairs of the world state before the call and the world state after the 
call?

§ Or maybe they consist of relations between before/after world states?

§ How would you deal with randomness?
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Complexity in contracts

// Returns an index to the first element of ‘v’ not ordered before ‘i’, or -1 if no such element is found.
// Runs in O(log(n)) time.
// - precondition: v is sorted
size_t lower_bound(int i, std::span<int> v);

§ Runtime is not expressible if predicates are relations between before/after world states.

§ What about using the C++ abstract machine?

§ The as-if rule allows compilers to change complexity. What to do?

41



© 2025 Adobe. All Rights Reserved. 

Favorite talk of the week: Computing Correctness
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Nick Waddoups
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The Dafny example
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Does correctness have a solid mathematical foundation?
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Does correctness have a satisfying mathematical foundation?
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Does correctness have a satisfying mathematical foundation?

Not that I have seen.

§ Correctness cannot be separated from human communication

§ Varying degrees of specificity and alignment.

§ All communication counts: including function names.

§ Basis of truth, assumptions, is an essential element

§ Correctness and requirements are closely related

§ It is nonsensical to proclaim a solution correct that does not meet agreed-upon requirements

§ “Performance optimized” can be a more useful as a contract that a complexity specification

§ Basis of truth must be shared between human participants

§ Using whatever is common will result in more opportunities for discourse
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add_one

§ Files are on an ultra-high performance drive so IO speed is negligible.

§ This is being run on a highly specialized embedded processor that isn’t superscalar.

§ This is a “never enough performance” use-case.

§ The input.bin files will never have ints nearing INT_MAX
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input.bin output.bin

add_one ./input.bin ./output.bin
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Is it sometimes better to write incorrect code?
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Frederick Douglass

§ 1889-1891

§ Former slave

§ Famous speechwriter and abolitionist
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What to the Slave Is the 
Fourth of July?
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How does correctness relate to quality?

§ What is incorrect makes a difference.

§ Did they take 1 point of or 10 points off?

§ There’s frequently a curve

§ How did the rest of the class do?

§ Sometimes correctness is a very small component

§ Essay question vs. multiple choice

§ Interface design
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Are we writing correct programs?
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Say we write 30-line functions correctly 99.9% of the time.

Consider a 1-million-line program. How likely is it that it is correct?

Or 0.0000000000002195% of the time
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We’ve made the decision to write incorrect code.
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We’ve made the decision to write incorrect code.

§ I’m not sure we could if we wanted to

§ Sometimes we talk as if

§ Writing correct code is our goal

§ Correct code trumps other quality considerations
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Let’s be real

§ Admit the tradeoffs we’re making between correctness and other quality factors (e.g. cost, time to market, 
staffing limitations)

§ There’s a difference between consequential bugs and non-consequential bugs

§ We need to share and learn more about the other, frequently more important, aspects of software quality
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Conclusion
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