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What is Dafny

method binarySearch(a: array<int>, key: int) returns (r: int)
requires forall j, k :: 0 <= j < k < a.Length ==> a[j] <= a[k]
ensures r >= 0 ==> 0 <= r < a.Length && a[r] == key
ensures r < 0 ==> forall k :: 0 <= k < a.Length - 1 ==> a[k] != key

{
var left := 0;
var right := a.Length;
while left < right

invariant 0 <= left <= right <= a.Length
invariant forall k :: 0 <= k < left ==> a[k] < key
invariant forall k :: right <= k < a.Length ==> a[k] > key

{
var mid := (left + right) / 2;
if key < a[mid] {

right := mid;
} else if key > a[mid] {

left := mid + 1;
} else {

return mid;
}

}
return -1;

}



Context
Verification-Driven Program Development

http://profs.info.uaic.ro/stefan.ciobaca/vdpd

I elective lecture on Dafny (3rd year BSc studies);
I exercise sheets, project-based learning;
I idea: code should not only be verified, but should be

structured to make it easy, or at least tractable, to verify.

How ChatGPT explains VDPD diagrammatically.

http://profs.info.uaic.ro/stefan.ciobaca/vdpd
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Usage of generative AI with Dafny (1/3)

• AI Chat Bot (e.g., ChatGPT):
> Implement a method max3 that computes the maximum of three
numbers. Specify the method in two distinct ways and have Dafny
prove the two specifications.

Below is a complete Dafny example that implements max3
and specifies it in two distinct ways, with Dafny proving
both specifications. [...]

method max3_rel(a: int, b: int, c: int) returns (m: int)
ensures m >= a
ensures m >= b
ensures m >= c
ensures m == a || m == b || m == c

{
if a >= b && a >= c {

m := a;
} else if b >= a && b >= c {

m := b;
} else {

m := c;
}

}
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Usage of generative AI with Dafny (2/3)

• Fancy auto-complete (e.g., Copilot in VS Code):
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Usage of generative AI with Dafny (3/3)

• Agent (e.g., Cursor)
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Example 1

> Dafny implementation of foldl.

Sure! Here’s an implementation of foldl in Dafny:

method foldl<T, U>(f: (T, U) -> U, acc: U, xs: seq<T>)
returns (res: U)
ensures res == xs[0..xs.Length].Fold(acc, f)

{
res := acc;
var i := 0;
while i < xs.Length

invariant 0 <= i <= xs.Length
decreases xs.Length - i

{
res := f(xs[i], res);
i := i + 1;

}
}
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Example 1
> Add an invariant.

Sure, here’s an updated implementation with an invariant
added:

method foldl<T, U>(f: (T, U) -> U, acc: U, xs: seq<T>)
returns (res: U)
ensures res == xs[0..xs.Length].Fold(acc, f)

{
res := acc;
var i := 0;
while i < xs.Length

invariant 0 <= i <= xs.Length
invariant res == xs[0..i].Fold(acc, f)
decreases xs.Length - i

{
res := f(xs[i], res);
i := i + 1;

}
}
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Example 2

> Dafny implementation for concatenating two text files.

Here’s an implementation of concatenating two text files
in Dafny:

method ConcatenateFiles(file1: string, file2: string) returns (content: string)
requires File.Exists(file1)
requires File.Exists(file2)
ensures content == File.ReadAllText(file1) + File.ReadAllText(file2)

{
var text1 := File.ReadAllText(file1);
var text2 := File.ReadAllText(file2);
content := text1 + text2;

}
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Example 3

> Dafny implementation of a simple webserver.

Here’s an example implementation of a simple web server
in Dafny using the System.Net and System.IO namespaces:

namespace SimpleWebServer
{

using System.Net;
using System.IO;

public class WebServer
{

const string DefaultResponse = "Hello, world!";

private readonly HttpListener listener;

public WebServer(string prefix)
{

listener = new HttpListener();
listener.Prefixes
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Example 3

> In Dafny, not C#.
Apologies for misunderstanding your request earlier. Here’s
an implementation of a simple web server in Dafny:

method SimpleWebServer(port: int)
requires port >= 0

{
var listener := new System.Net.HttpListener();
listener.Prefixes.Add("http://localhost:" + port + "/");
listener.Start();
while listener.IsListening

invariant listener.IsListening ==> listener.GetContext() != null
{

var context := listener.GetContext();
var response := context.Response;
var output := response.OutputStream;
var content := "Hello, world!";
var bytes := System.Text.Encoding.UTF8.GetBytes(content);
response.ContentLength64 := bytes.Length;
output.Write(bytes, 0, bytes.Length);
output.Close();
context.Response.Close();

}
listener.Stop();

}



Example 4

> Dafny solution to quadratic equation.

Here’s an implementation of the quadratic formula for sol-
ving the quadratic equation in Dafny:

method QuadraticFormula(a: real, b: real, c: real)
returns (x1: real, x2: real)

requires a != 0.0
requires b * b >= 4.0 * a * c
ensures a * x1 * x1 + b * x1 + c == 0.0
ensures a * x2 * x2 + b * x2 + c == 0.0
ensures if b * b > 4.0 * a * c then x1 != x2 else true

{
var discriminant := b * b - 4.0 * a * c;
var sqrtDiscriminant := System.Math.Sqrt(discriminant);
x1 := (-b + sqrtDiscriminant) / (2.0 * a);
x2 := (-b - sqrtDiscriminant) / (2.0 * a);

}
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Example 5

> sat solver in dafny.

Dafny is a programming language designed for the spe-
cification and verification of correct software. It does not
have a built-in SAT solver, but it provides the ability to
reason about logical expressions and constraints through
its built-in specification language.
However, you can use Dafny to interface with external SAT
solvers to solve SAT problems. There are several SAT sol-
vers that you can use with Dafny, such as MiniSat, Glucose,
and Lingeling.
Here’s an example of how to use MiniSat with Dafny to
solve a simple SAT problem:
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Example 5

> sat solver in dafny.
// Define a boolean variable
var x: bool;

// Define a logical expression
var expr := (!x) && x;

// Assert that the expression is true (a SAT problem)
assert expr;

// Call MiniSat to solve the SAT problem
if !Microsoft.Dafny.Helpers.ExternalVerifier.ProveUsingMiniSat(expr) {

print "UNSAT";
} else {

print "SAT";
}



Example 4 (revisted)

> Quadratic equation in Dafny.
function method SqrtSpec(d: real): real

requires d >= 0.0
ensures result * result == d
ensures result >= 0.0

{ 0.0 }

method SolveQuadratic_Spec(a: real, b: real, c: real)
returns (hasRoots: bool, x1: real, x2: real)
requires a != 0.0
ensures if hasRoots then a*x1*x1 + b*x1 + c == 0.0 && a*x2*x2 + b*x2 + c == 0.0
ensures if hasRoots then x1 <= x2

{
var d := b*b - 4.0*a*c;
if d < 0.0 {

hasRoots := false; x1 := 0.0; x2 := 0.0; return;
}
var sd := SqrtSpec(d);
x1 := (-b - sd) / (2.0*a);
x2 := (-b + sd) / (2.0*a);
if x1 > x2 { var t := x1; x1 := x2; x2 := t; }
hasRoots := true;

}



Example 4 (revisted)

> Quadratic equation in Dafny.
method ApproxSqrt(d: real, iterations: int) returns (r: real)

requires d >= 0.0
requires 1 <= iterations <= 1000

{
if d == 0.0 {

r := 0.0; return;
}
// initial guess
var x := if d >= 1.0 then d else 1.0;
var i := 0;
while i < iterations

decreases iterations - i
{

x := 0.5 * (x + d / x);
i := i + 1;

}
r := x;

}



Example 4 (revisted)

> Quadratic equation in Dafny.
method SolveQuadratic_Numeric(a: real, b: real, c: real, iterations: int)

returns (hasRoots: bool, r1: real, r2: real)
requires a != 0.0
requires 1 <= iterations <= 1000

{
var d := b*b - 4.0*a*c;
if d < 0.0 {

hasRoots := false; r1 := 0.0; r2 := 0.0; return;
}
var sd := ApproxSqrt(d, iterations);
r1 := (-b - sd) / (2.0*a);
r2 := (-b + sd) / (2.0*a);
if r1 > r2 { var t := r1; r1 := r2; r2 := t; }
hasRoots := true;

}



Example 6 (Cursor, Agent Mode)

• (Approx. April 2025) > Knapsack in Dafny.
. . .

• (December 2025) > Knapsack in Dafny.
http://profs.info.uaic.ro/stefan.ciobaca/knapsack.html

http://profs.info.uaic.ro/stefan.ciobaca/knapsacktranslate.html

http://profs.info.uaic.ro/stefan.ciobaca/knapsack.html
http://profs.info.uaic.ro/stefan.ciobaca/knapsacktranslate.html
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Discussion

I Not as helpful as you would expect (yet?) for real-world
applications;

I Many annoying errors (e.g., calls to non-existant functions),
sometimes difficult to solve (or fundamentally impossible);

I Transfer knowledge from other languages;
I Struggles with specifications / invariants;
I Will solve homework-style questions (nearly) perfectly;
I Getting better (very quickly).
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Student usage

I Makes doing homework-style exercise sheets a piece of cake;

I To detect usage of AI:
• typical: solution too verbose, excessive commments, solution
too good (uses advanced features), cannot explain;
• Dafny-specific: a != null, function method, for i :=
0 to a.Length - 1;

I Project-based learning:
• Useful to get started (blank page syndrome);
• Still need to understand the fundamentals (very well).
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Perspectives

I Solution quality much lower for Dafny than for Python or
C++;

I Training data for Dafny (and other contracts-based
languages), especially invariants/helper assertions;

I Unique advantage: possibility to validate answers
automatically;

I Observer effect: difficult to measure AI performance;
I All models improve to roughly the same level;
I How to teach the fundamentals of verification?
I Can AI enable the verification of larger code bases?
I Is it useful in the real world?
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