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This course unit in the first semester of the first year of the Master in Informatics
Engineering at the University of Minho aims to introduce the use of Formal Methods in

Software Engineering.

Students interested in deepening the knowledge acquired in this course unit may choose
to attend the Formal Programming Methods specialization track in the second semester.

Syllabus

» Logics for formal specification
» Propositional logic (PL)
» First-order logic (FOL)
» Relational logic (RL)
e Linear temporal logic (LTL)






sig User {
follows : set User

}

sig Influencer extends User {}



sig User {

follows : set User

}

sig Influencer extends User {}

fact {

all u : Influencer | follows.u = User - u



sig User {

follows : set User

}

sig Influencer extends User {}

fact {

all u : Influencer | follows.u = User - u

run

some Influencer
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New Open Reload Save Execute Show | Viz Txt Table Tree Theme Magic Layout Evaluator New |
sig User { follows: 4

follows : set User [ ] Userl chllows
} th=1 Symmetr
sig Influencer extends User {} follows
fact {

// Influencers are followed by everyone else User0 | |\ ows P

all u : Influencer | follows.u = User - u
} foows

1

run Example { th=1 Symmetr

some Influencer Influencer
} .

)
-~

Executing "Run Example"
Actual scopes: 3 User, 3 Influencer
Solver=minisat Bitwidth=4 MaxSeq=4 SkolemDepth=1 Symmetr
127 vars. 15 primary vars. 191 clauses. 4ms.

Instance found. Predicate js consistent. 10ms.

\ Line 11, Column 12 [modified]
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e = — E
- % a |Projection: none
New Open Relcad Save Execute Show 3 Viz Txt Table Tree Theme Magic Layout Evaluator New
sig User {
follows: 4
follows : set User ‘ ] LSEIS ch’”ms
} 'h=1 Symmetr
sig Influencer extends User {} fo[lows
fact {
// Influencers are followed by everyone else MSEEON ¢ 1ows -
all u : Influencer | follows.u = User - u
} fallows

run Example {
some Influencer

th=1 Symmetr

}

Actual scopes: 3 User, 3 Influencer
Solver=minisat Bitwidth=4 MaxSeq=4 SkolemDepth=1 Symmetr
127 vars. 15 primary vars. 191 clauses. 4ms.

Instance found. Predicate js consistent. 1@ms.

| Line 11, Column 12 [modified]
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N Abstract

Model-checking is increasingly popular in the early phases of the software development process. To

establish the correctness of a software design one must usually verify both structural and behavioral
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(or temporal) properties. Unfortunately, most specification languages, and accompanying model-
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sig User {
var follows : set User

}

sig Influencer extends User {}



sig User {
var follows : set User

}

sig Influencer extends User {}

pred follow[u,v : User] {
v not in u.follows and u != v
follows' = follows + u->v



sig User {
var follows : set User

}

sig Influencer extends User {}

pred follow[u,v : User] {

v not in u.follows and u != v
follows' = follows + u->v
}
pred stutter { follows' = follows }
fact {

no follows
always (stutter or some u,v : User | follow[u,v])



sig User {
var follows : set User

}

sig Influencer extends User {}

pred follow[u,v : User] {

v not in u.follows and u != v
follows' = follows + u->v
}
pred stutter { follows' = follows }
fact {
no follows
always (stutter or some u,v : User | follow[u,v])
}

run Example {
some Influencer
} for exactly 3 User
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sig User {
var follows : set User

}

sig Influencer extends User {}
pred follow[u,v : User] {

follows' = follows + u->v

}

pred stutter {
follows' = follows

run Example {
some Influencer
} for exactly 3 User

\ Line 22, Column 15 [modified]

i ®

(SocialNetwork) Run Example for exactly 3 User

E &3

Table Tree

E E E E E l E { Projection: none [

Theme Magic Layout Evaluator New Config New Trace NewlInit New Fork

Userl

UserQ Userl

v not in u.follows and u !=

User | follow[u,v])

h
fact {

no follows

always (stutter or some u,v
h

Executing "Run Example for exactly 3 User"

Actual scopes: exactly 3 User, 3 Influencer
Solver=minisat Steps=1..10 Bitwidth=4 MaxSeq=4 SkolemDer
1..1 steps. 96 vars. 13 primary vars. 181 clauses. 2ms.
Instance found. Predicate jis consistent. 3ms.
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New Open Reload Save Execute Show Viz Txt Table Tree Theme Magic Layout Evaluator New Config MNew Trace New Init NewFork —

sig User {
var follows : set User 0 0
}

sig Influencer extends User {}

[follows: 1 ] Userl

User0 Userl

pred follow[u,v : User] {
v not in u.follows and u !=

|
|
{follows
|

follows' = follows + u=->v
}
pred stutter { User0
follows' = follows
}
fact {
no follows
always (stutter or some u,v : User | follow[u,v]) Executing "Run Example for exactly 3 User"
} Actual scopes: exactly 3 User, 3 Influencer
Solver=minisat Steps=1..10 Bitwidth=4 MaxSeq=4 SkolemDeg
run Example { 1..1 steps. 96 vars. 13 primary vars. 181 clauses. 2ms.
some Influencer Instance found. Predicate jis consistent. 3ms.

} for exactly 3 User

\ Line 22, Column 15 [modified]
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sig User {
var follows : set User
}

sig Influencer extends User {}

pred follow[u,v : User] {

run Example {
some Influencer
} for exactly 3 User

\ Line 22, Column 15 [modified]

v not in u.follows and u !=
follows' = follows + u=>v
}
pred stutter {
follows' = follows
}
fact {
no follows
always (stutter or some u,v
}

&

Viz

: User | follow[u,v])

i ®

Txt Table

follows: 1

=

Tree

(SocialNetwork) Run Example for exactly 3 User

X 2 B ® ©d

Theme Magic Layout Evaluator New Config New Trace New Init New Fork

® OO

E E ' Projection: none |
— -

Userl follows: 2 Userl
: / \\
Ifollows ,’follov\gs
' / \
F \ ollows
\\
y
User0 User0

Executing "Run Example for exactly 3 User"

1

Actual scopes: exactly 3 User, 3 Influencer
Solver=minisat Steps=1..10 Bitwidth=4 MaxSeq=4 SkolemDer
1..1 steps. 56 vars. 13 primary vars. 181 clauses. 2ms.

Instance found. Predicate js consistent. 3ms.
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EevU P coau iR vell soo g oh e, Executing "Run Example for exactly 3 User"
} Actual scopes: exactly 3 User, 3 Influencer
sig Influencer extends User {} Solver=minisat Steps=1..10@ Bitwidth=4 MaxSeq=4 SkolemDer
1..1 steps. 96 vars. 13 primary vars. 181 clauses. 2ms.
pred follow[u,v : User] { Instance found. Predicate js consistent. 3ms.
v not in u.follows and u != v
follows' = follows + u=3>v
}
Option Solver changed to electrod.nuxmv
pred stutter { Executing "Run Example for exactly 3 User"
follows' = follows Actual scopes: exactly 3 User, 3 Influencer
} Solver=electrod.nuxmv Steps=1..10 Bitwidth=4 MaxSeq=4 Sk
No translation information available. ©ms.
fact { Instance found. Predicate js consistent. 178ms.

no follows
always (stutter or some u,v : User | follow[u,v])

}
Executing "Check NoSelfFollows for 3 but 1.. steps”
run Example { Actual scopes: 3 User, 3 Influencer
some Influencer Solver=electrod.nuxmv Steps=1..2147483647 Bitwidth=4 Max
} for exactly 3 User No translation information available. Oms.

No counterexample found. Assertion may be valid. 53ms.
check NoSelfFollows {

always (no follows & iden)
} for 3 but 1.. steps

\ Line 26, Column 22 [modified]
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Software tools researchers can accelerate their ability to learn by exposing tools to users via web
technologies, allowing them to observe and test the interactions between humans and tools. At @
Microsoft Research, we have developed a web service (http://www.rise4fun.com/) for such a purpose G-o
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l‘l‘hls puzzle is an interactive Coding Duel. Can you write code that matches a secret implementation? Help

using System;

public class Player {
public static int Puzzle(int x) {
return Xx;

}

Done. 3 interesting inputs found. How does Pex work? m m

Pex found 2 differences between your puzzle method and the secret implementation.
Improve your code, so that it matches the other implementation, and "Ask Pex!' again.

your result | secret implementation result | Output/Exception

.

_ Error Message

Mismatch

Your puzzle method produced the wrong result.

Mismatch

Your puzzle method produced the wrong result.




Features inspired by Rise4Fun

 Easy sharing of Alloy models via permalinks
* Automatic data-collection

» Support for specification duels (aka challenges)



New features

Graphical depiction of instances
Easy sharing of instances via permalinks (preserving layout and theme)
More refined data-collection mechanism

Fully anonymous interaction
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Alloy4Fun

A webapp for developing and sharing Alloy models

View on GitHub

Alloy4Fun

The Alloy4Fun is a web platform to support the teaching of the Alloy formal method, allowing:

» the sharing of Alloy models, specifications and instances with embedded themes via permalinks
» the creation of specification challenges in which students try to guess a secret specification
» the collection of models and specifications to build a valuable corpus of data to support research

Alloy4Fun is built on top of Alloy 6 and is currently deployed at alloy4fun.inesctec.pt.

Tutorials on teaching with Alloy4Fun

» Atutorial at the 9th International Conference on Rigorous State-Based Methods, ABZ'23 (slides)
» Atutorial at the Tutorial Series of the FME Teaching Committee (recording)

Publications about developing/using Alloy4Fun

» ). Pereira: A web-based social environment for Alloy. MSc thesis, School of Engineering of the
University of Minho. December, 2016.

* N. Macedo, A. Cunha, ). Pereira, R. Carvalho, R. Silva, A. C. R. Paiva, M. S. Ramalho, and D. Silva.
Experiences on teaching Alloy with an automated assessment platform. In proceedings of the

7th International Conference on Rigorous State Based Methods, volume 12071 of LNCS, pages
61-77. Springer, 2020.
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Alloy4Fun

sig User {
follows : set User
}

sig Influencer extends User {}
fact {

all u : Influencer | follows.u = User - u

}

run {

M

some Influencer

b & T

Execute Share model Statistics Derivat

To get started with Alloy4Fun check out this introduction, along with some example challenges. More
information about Alloy is available at AlloyTools.

Privacy Policy: Alloy4Fun logs all user interactions, including code and options, which may be analyzed and
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LodonmbdbwN -

}
10

sig User {

follows : set User

fact {

Not Secure — alloy4fun.inesctec.pt

Alloy4Fun

sig Influencer extends User {}

all u : Influencer | follows.u = User - u

11|run {

12
13|)

some Influencer

>

Execute

public link

http://alloy4fun. inesctec.pt/KgoeLamCR4jRz3QbD

[j Copy to clipboard
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Not Secure — alloy4fun.inesctec.pt %8 C [1] + O

Instance found. run 1 is consistent.

Previous instance Next instance

&

Share instance

To get started with Alloy4Fun check out this introduction, along with some example challenges. More
information about Alloy is available at AlloyTools.

Privacy Policy: Alloy4Fun logs all user interactions, including code and options, which may be analyzed and
made public for research purposes. Do not share confidential information. However, Alloy4Fun does not
collect any personally identifiable information.
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Not Secure — alloy4fun.inesctec.pt %8 C (I] + O

Instance found. run 1 is consistent.

0

Previous instance Next instance

&

Share instance

instance link

http://alloy4fun.inesctec.pt/yFzRjyxjpvEmCaJZD

Ej Copy to clipboard

M



Specification challenges



sig User {

follows : set User

}

sig Influencer extends User {}

//SECRET
fact {

all u : Influencer | follows.u = User - u

run

some Influencer



Not Secure — alloy4fun.inesctec.pt

sig User {
follows : set User
}

sig Influencer extends User {}

//SECRET
fact {

all u : Influencer | follows.u = User - u

}

run {
some Influencer

> & o

Execute Share model Statistics

public link

http://alloy4fun.inesctec.pt/ADagtDQB4 £DgmrNQC

[j Copy to clipboard

private link

http://alloy4fun.inesctec.pt/BSnGATog6bzKWvg4K

E] Copy to clipboard




D v < Not Secure — alloy4fun.inesctec.pt B C M+ O

Alloy4Fun

sig User {

}

sig Influencer extends User {}

follows : set User

run {
some Influencer
}

owoodohnbmbwWwWwN M-

[—

Execute Share model

To get started with Alloy4Fun check out this introduction, along with some example challenges. More

information about Alloy is available at AlloyTools.

Privacy Policy: Alloy4Fun logs all user interactions,

including code and options, which may be analyzed and



sig User {
follows : set User

}

sig Influencer extends User {}

pred Spec {

}
//SECRET

pred Oracle {
all u : Influencer | follows.u = User - u
}
/ / SECRET
check Spec {
Spec 1ff Oracle
} for 4
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9/}
10

11| //SECRET

12 | pred Oracle {

13 all u : Influencer | follows.u = User - u
14|)

15

16| //SECRET

17| check Spec {

18 Spec iff Oracle

19|} for 4

>

Execute Share model Statistics Derivations

public link

http://alloy4fun.inesctec.pt/YmiNBZgsE5ADk6riq

t] Copy to clipboard

private link

http://alloy4fun.inesctec.pt/H7QoF2z2WXz8N9wcu

[j Copy to clipboard

To get started with Alloy4Fun check out this introduction, along with some example challenges. More
information about Alloy is available at AlloyTools.

Privacy Policy: Alloy4Fun logs all user interactions, including code and options, which may be analyzed and



Not Secure — alloy4fun.inesctec.pt 8 C (1] . n [E]

O
B
<

Alloy4Fun

sig User {
follows : set User
}

sig Influencer extends User {}

pred Spec {

HFOoOwvwoodohnumbWwWwN =

1
1

> & T

Execute Share model Statistics Derivat

To get started with Alloy4Fun check out this introduction, along with some example challenges. More
information about Alloy is available at AlloyTools.

Privacy Policy: Alloy4Fun logs all user interactions, including code and options, which may be analyzed and
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Alloy4Fun

sig User {
follows : set User
}

sig Influencer extends User {}
pred Spec {

all u : Influencer | follows.u = User

}

HFOoOwvwoodohnumbWwWwN =

1
1

Execute Share model Statistics Derivat

Counter-example found. check Spec is invalid.

\ \
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Alloy4Fun

sig User {
follows : set User
}

sig Influencer extends User {}
pred Spec {

all i : Influencer, u : User | i != u iff u in follows.i

}

‘w114 o - 7 gl S T o s e Ny T s Walsl
Execute Share model Statistics Derivations

No counter-example found. check Spec may be valid.

To get started with Alloy4Fun check out this introduction, along with some example challenges. More

AnmFarmad s an alyaasd A1l sr 5 asras]lalhlA ad AlloauMlanl o
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Alloy4Fun

User {

follows : set User,
sees : set Photo,
posts : set Photo,
suggested : set User

Influencer extends User {)}

Photo {
date : one Day

Ad extends Photo {}

Day {}

pred invl {

pred inv2 {

pred inv3 {

Command : | check invl ©

> 8 o 3

Execute Share model Statistics Derivations

To get started with AllovdFun check out this introduction, along with some example challenges. More
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Alloy4Fun

sig File {
var link : lone File

sig Trash in File {}
sig Protected in File {}

pred propl {

Command : | check proplOk <O

> & T 3

Execute Share model Statistics Derivat

To get started with AllovdFun check out this introduction, along with some example challenges. More
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Alloy4Fun

module network

some sig Node {
adj : set Node,

}

sig Router in Node {}

LodonmbdbwN -

sig Message {}

pred templ {

}
pred temp2 {

pred temp3 {

33|)

Command : | run good trace O

S &9 L 3

Execute Share model Statistics Derivat

To get started with AllovdFun check out this introduction, along with some example challenges. More
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Alloy4Fun

module network

sig Message {}
enum State { Active, Inactive )}
some sig Node {

adj : set Node,

var inbox : set Message,

var state : one State

LodonmbdbwN -

}

sig Router in Node {}

pred inv {
all n : Node | n.state = Inactive implies no n.inbox

}

pred receive[n : Node, m : Message] {

}

pred send[n : Node, m : Message] {

Command : check receive <

S &9 L 3

Execute Share model Statistics Derivations

To get started with AllovdFun check out this introduction, along with some example challenges. More



Helping students with hints
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Alloy4Fun

1/ sig User { follows : set User )}
2|/sig Influencer extends User {}

3
4 pred Spec {

5 all u : Influencer | follows.u = User
)

7

}

S ar oy vy Y4 - 7 ol T & s /v Ny T s
Execute Share model Statistics Derivat

Counter-example found. check Spec is invalid.

\ \
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Counter-example found. check Spec is invalid.

Previous instance Next instance

&

Share instance

To get started with Alloy4Fun check out this introduction, along with some example challenges. More
information about Alloy is available at AlloyTools.

Privacy Policy: Alloy4Fun logs all user interactions, including code and options, which may be analyzed and
made public for research purposes. Do not share confidential information. However, Alloy4Fun does not
collect any personally identifiable information.
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Counter-example found. check Spec is invalid.

Previous instance Next instance

&

Share instance

To get started with Alloy4Fun check out this introduction, along with some example challenges. More
information about Alloy is available at AlloyTools.

Privacy Policy: Alloy4Fun logs all user interactions, including code and options, which may be analyzed and
made public for research purposes. Do not share confidential information. However, Alloy4Fun does not
collect any personally identifiable information.
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Counter-example found. check Spec is invalid.

ThisShouldBeRejected

Previous instance Next instance

&

Share instance

To get started with Alloy4Fun check out this introduction, along with some example challenges. More
information about Alloy is available at AlloyTools.

Privacy Policy: Alloy4Fun logs all user interactions, including code and options, which may be analyzed and
made public for research purposes. Do not share confidential information. However, Alloy4Fun does not
collect any personally identifiable information.
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Counter-example found. check Spec is invalid.

ThisShouldBeAccepted

Previous instance Next instance

&

Share instance

To get started with Alloy4Fun check out this introduction, along with some example challenges. More
information about Alloy is available at AlloyTools.

Privacy Policy: Alloy4Fun logs all user interactions, including code and options, which may be analyzed and
made public for research purposes. Do not share confidential information. However, Alloy4Fun does not
collect any personally identifiable information.




sig User { follows : set User }
sig Influencer extends User {}

pred Spec { /

/ / SECRET
pred Oracle { all u : Influencer | follows.u = User - u }
/ / SECRET
abstract one sig RejectedBy {}
/ / SECRET
sig ThisShouldBeRejected, ThisShouldBeAccepted extends RejectedBy {}
/ / SECRET
check Spec {
(some ThisShouldBeRejected iff (Spec and not Oracle))
implies
(Spec 1ff Oracle)
} for 4
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Counter-example found. check Spec is invalid.

ThisShouldBeAccepted

Previous instance Next instance

&

Share instance

To get started with Alloy4Fun check out this introduction, along with some example challenges. More
information about Alloy is available at AlloyTools.

Privacy Policy: Alloy4Fun logs all user interactions, including code and options, which may be analyzed and
made public for research purposes. Do not share confidential information. However, Alloy4Fun does not
collect any personally identifiable information.
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) Influencer follower specification in Alloy Vv Free plan - Upgrade X Share

Consider the following Alloy model.

sig User { follows : set User }
sig Influencer extends User {}

Can you give me an english sentence that explains what is being formalised
by the following constraint.

allu: Influencer | follows.u = User

1058 (O J @ < 2/2
The constraint says: every influencer is followed by all users.

Breaking it down — follows.u isthe set of users who follow u (the relational
transpose/join), and setting that equal to User means that set must be the entire User
population, for every v thatisan Influencer.

O &6 ¥ O

x*

Write a message...

+ Sonnet 4.6 ~  1l|l|s

Claude is Al and can make mistakes. Please double-check responses.




sig User { follows : set User }
sig Influencer extends User {} Try changing this expression!

pred Spec { /
all u : Influencer | follows.u = User
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The example below is allowed by the following incorrect
specification but should be forbidden:
all p : Photo | lone posts.p
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sig User {
follows : set User
}

sig Influencer extends User {}

pred Spec {

LodonmbdbwN -

}
//SECRET

pred Oracle {
all u : Influencer | follows.u = User - u

}
/ / SECRET

check Spec {
16 Spec iff Oracle
17|} for 4

Execute Share model

L 3

Statistics Derivations

To get started with Alloy4Fun check out this introduction, along with some example challenges. More

information about Alloy is available at AlloyTools.

Privacy Policy: Alloy4Fun logs all user interactions,

including code and options, which may be analyzed

and



" 1d": "vgBvekgeWwturoCu9",

"code": "sig User {\n follows set User \n}\nsig Influencer extends User {}\n\npred Spec {\n //
Influencers are followed by everyone else\n\n}\n//SECRET\npred Oracle {\n all u : Influencer | follows.u
= User - u \n}\n//SECRET\ncheck Spec { \n Spec iff Oracle \n} for 4",

"derivationOf": null,

"children": |

{
" id": "MeN6ByQPg7rRyBNft",
"code": "sig User {\n follows set User \n}\nsig Influencer extends User {}\n\npred Spec
{\n // Influencers are followed by everyone else\n\tall u Influencer | follows.u = User\n}",
"derivationOf": "vgBvekgeWwturoCu9",
"children": |
{
"_id" : "MoQM7CvHa3TkRFNAR",
"code": "sig User {\n follows set User \n}\nsig Influencer extends User {}\n\npred
Spec {\n // Influencers are followed by everyone else\n\tall u Influencer | follows.u = User - u\n}",
"derivationOf": "MeN6ByQPq7rRyBNft",
"children": []
}
]
}
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sig User {
follows : set User
}

sig Influencer extends User {}

pred Spec {

LodonmbdbwN -

}
//SECRET

pred Oracle {
all u : Influencer | follows.u = User - u

}
/ / SECRET

check Spec {
16 Spec iff Oracle
17|} for 4

Execute Share model

L 3

Statistics Derivations

To get started with Alloy4Fun check out this introduction, along with some example challenges. More

information about Alloy is available at AlloyTools.

Privacy Policy: Alloy4Fun logs all user interactions,

including code and options, which may be analyzed

and
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Statistics consider challenges all check commands in the root model. Unless explicitly stated, executions statistics include all

commands, including those that are introduced by the user in a session. Recall that for challenges correctness is unsatisfiability.
Statistics are updated once per day.

Challenge name unknown Extraction time 2026~-05-07T12:18:16.550785
# sub-challenges 1 Metric catalog Simple online metrics
Total sessions @ 5 Sessions by # solved 5
challenges @ Longest session @
7 Average session @ 3.4 Average % unsatisfiable @
0.37 Average length all solved 3.4 Sessions all solved @
) 5 Total executions @
17 Challenge executions @ 15 Sat executions @
10 Unsat executions @ 5 Error executions @
2 Compile-time errors @ 2 Total warnings @
1 Total shares @ 1 Shared models @
1 Number of iterations @ 0 Average iterations ©
0

Sessions by length @

2.0
1.8
1.6
14
1.2

1.0
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Spec
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Full derivation tree

? vgBvekgeWwturoCu9, 2026-5-7 11:57:14. model shared.

(all 0:Influencer | follows . 0 = User - 0)




O ® 0O v < zenodo.org R ¢ h + O

=

Zen000

Published October 2025 | Version MFES 24/25

Alloy4Fun Dataset for 2024/25

Nuno Macedo! (®: Alcino Cunha? ®: AnaC.R.Paiva' ®

Show affiliations

This dataset contains models submitted by students in the Alloy4Fun platform to solve the challenge models from
various editions of formal methods courses in the University of Minho (UM) and the University of Porto (UP)
between the fall of 2019 and the spring of 2025, totalling around 185.000 entries. Participants include those
enrolled in the optional MSc course "Specification and Modelling" (EM) and the mandatory MSc course “Formal
Methods in Software Engineering" (MFES) in UM, and the optional MSc course *Formal Methods for Critical
Systems® (MFS) in UP. Note that since the challenges' permalinks are publicly available, the dataset may contain
submissions from other participants outside the classroom context.

The analysis of the 2021 dataset is reported in the Science of Computer Programming paper “Experiences on
Teaching Alloy with an Automated Assessment Platform® (extending the ABZ'20 conference version analysing the
2020 dataset).

Name Permalink Courses (Students) Entries

EM 19/20 (~20) & 20/21 (~20), MFS 21/22 (~10)

Trash FOL sDLK7uBCbgZon3znd & 22/23 (~10) 4333
Classroom EM 19/20 (~20) & 20/21 (~20), MFS 21/22 (~10)

FOL YH3ANmM7Y5Qe5dSYem & 22/23 (~10) 5106
Trash RL PQAJE67kz8WSNWJUM EM 19/20 (~20) & 20/21 (~20) 4929

Classroom | o An69A0CPKMXXZNW EM 19/20 (~20) & 20/21 (~20) 6813

) Rl )
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Alloy4Fun Semantic Entries
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This dataset groups together entries from the Alloy4Fun dataset according to their semantic and syntactic
equivalence. Each entry is a student attempt to formalize a requirement (i.e., a challenge). Each challenge is a
command that tests the equivalence of a student predicate against a hidden oracle. This grouping reduces
~51.000 entries into ~7.000 semantically distinct specifications (and ~17.000 syntactically distinct).

Semantic equivalence is tested with the Alloy Analyzer (with a default scope of 3 for top-level signatures).
Syntactic equivalence is tested after a simple normalization (variable anonymization and operator commutativity).

Each file original_cmd. json contains the information regarding a challenge represented by command labeled
cmd of an Alloy4Fun exercise whose model has id original, namely:

« original: the ID of the original model in the Alloy4Fun database
« cmd: the challenge command label
« pred: the challenge predicate label
« entry_count: the total number of entries for the challenge
« semantic_count: the number of semantically distinct entries
« syntactic_count: the number of syntactically distinct entries
» scope: the scope used to test equivalence
« groups: the actual semantic groups, containing:
o entry_count: the total number of entries in the semantic group
o syntactic_count: the number of syntactically distinct entries
o correct: whether a correct solution to the challenge
o elems: the actual syntactic groups, containing:
= entry_count: the total number of entries in the syntactic group
« code: a representative code submission



Conclusion



Some lessons

» Students like the gamification aspects of challenges



Some lessons

» Students like the gamification aspects of challenges

 Feedback that is good for experts is not necessarily good for novices



Some lessons

» Students like the gamification aspects of challenges
 Feedback that is good for experts is not necessarily good for novices

 Too many challenges with automatic feedback may be prejudicial



Some lessons

Students like the gamification aspects of challenges
Feedback that is good for experts is not necessarily good for novices
Too many challenges with automatic feedback may be prejudicial

Open data is awesome for research



The future

 Move from “specification challenges” to “validation challenges”



The future

 Move from “specification challenges” to “validation challenges”

* Rethink all the formal methods teaching approach in the Al era
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