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1 Absinthe

The Absinthe algorithm takes as input a PBES p, a substitution on function symbols σF : F → F , and a
substitution on sorts σS : S → S, where F is the set of function symbols and S is the set of sorts. For each
s ∈ domain(σS) there is a corresponding abstraction function hs.

1.1 Definitions

We define FunctionSymbols(p) as the set of function symbols that occur in the PBES p. For a sort s we
define ContainerConstructors(s) as the set of constructor functions of the sorts List(s), Set(s) and Bag(s).
This includes for example the functions [] : List(s) and ▷ : s× List(s) → List(s).

1.2 Algorithm

The algorithm first extends and modifies the substitution σF . Then a transformation to p is applied.

1.2.1 Step 1

The algorithm first extends the substitution σF . Let

A =

FunctionSymbols(p) ∪ ⋃
s∈domain(σS)

ContainerConstructors(s)

 \ domain(σF ).

For each function symbol f1 ∈ A the substitution σF is extended with σF (f1) := f2, where f2 is obtained
from f1 using

f1 : sb 7→ f2 : sσS

b

f1 : C(s) 7→ f2 : C(s)σS

f1 : s1 × · · · × sn → s 7→ f2 : sσS
1 × · · · sσS

n → Set(sσS ),

where sb is a basic sort, s1 × · · · × sn → s is a function sort, and C(s) is a container sort, and where f2 is a
fresh identifier.

Remark 1 The sort of f1 may not contain any element of domain(σS) as a subsort.

Remark 2 If f1 is a function update, then the domain of the updated function may not contain any element
of domain(σS) as a subsort.
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For each of the function symbols f ∈ FunctionSymbols(p) \domain(σF ) a corresponding equation is
introduced:

f2 =

{
hsb(f1) if sb ∈ domain(σS)
fσS otherwise

f2 = fσS
1

f2(x) =

{
{hs(f1(x))} if TargetSort(s) ∈ domain(σS)
{f1(x)} otherwise,

where x : sσS
1 × · · · × sσS

n → sσS , and where TargetSort is recursively defined as

TargetSort(sb) = sb
TargetSort(C(s)) = C(s)
TargetSort(s1 × · · · × sn → s) = TargetSort(s).

1.2.2 Step 2

After this the substitution σF is transformed. Each (f1, f2) ∈ σF is replaced by (f1, f3), where f3 is obtained
from f2 as follows:

f2 : sb 7→ f3 : Set(sb)
f2 : C(s) 7→ f3 : Set(C(s))
f2 : s1 × · · · × sn → s 7→ f3 : Set(s1)× · · · × Set(sn) → s,

where f3 is a fresh name.
For each pair (f2, f3) a corresponding equation is generated:

f3 = {f2}

f3 = {f2}

f3(X) = {y : s | ∃x:s1×···×sn→s . x ∈ X ∧ y ∈ f2(x)} ,

where X : Set(s1)× · · · × Set(sn) → s.
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1.2.3 Step 3

The PBES p is transformed using the transformations T and U , that is defined recursively as:

T ((σ1X1(d1 : D1) = φ1) . . . (σnXn(dn : Dn) = φn)) = (σ1X̂1(d1 : DσS
1 ) = T (φ1)) . . . (σnX̂n(dn : DσS

n ) = T (φn))

T (¬φ) = ¬T (φ)
T (φ⊕ ψ) = T (φ)⊕ T (ψ)

T (Xi(e)) =


∨

d∈T (e)

X̂i(d) if it is an under-approximation∧
d∈T (e)

X̂i(d) if it is an over-approximation

T (∀d:D.φ) = ∀d:DσS .T (φ)

T (∃d:D.φ) = ∃d:DσS .T (φ)

T (b) =

{
false ∈ U(b) if it is an under-approximation
true ∈ U(b) if it is an over-approximation,

U(v) = {vσS}
U(f) = σF (f)

U(c) = {hs(c)} if c : s is a ground term and s ∈ domain(σS)

U(f(x)) = U(f)(U(x)) N.B. The general case U(y(x)) is not supported!

U(λd:D.x) = {v : sσS | v = U(x)}, where x : s

U(∀d:D.x) = ?

U(∃d:D.x) = ?

U(x whr y : = z) =?

where ⊕ ∈ {∧,∨,⇒}. Note that T operates on PBES expressions, and U operates on data expressions.
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2 PBES abstraction

Let E = (σ1X1(dX1 : DX1) = φX1) · · · (σnXn(dXn : DXn) = φXn) be a PBES, and let Vi be a subset of the
parameters in dXi for i = 1 · · ·n. Let e ∈ {true, false} be a data expression. Then we define the algorithm
abstract as follows:

abstract(d, V, e) =

{
d if freevar(d) ∩ V = ∅
e otherwise

abstract(φ⊕ ψ, V, e) = abstract(φ, V, e)⊕ abstract(φ, V, e)
abstract(Qd1 :D1,··· ,dm:Dm

.φ, V, e) = Qd1 :D1,··· ,dm:Dm
.abstract(φ, V \ {d

1
: D1, · · · , dm : Dm}, e)

abstract(σX(d
1
: D1, · · · , dm : Dm) = φ, V, e) = σX(d

1
: D1, · · · , dm : Dm) = abstract(φ, V, e)

abstract(E , [V1, · · · , Vn], e) =
(σ1X1(dX1

: DX1
) = abstract(φX1

, V1, e))
· · ·

(σnXn(dXn : DXn) = abstract(φXn , Vn, e)

with d a data expression, ⊕ ∈ {∧,∨,⇒}, and Q ∈ {∀,∃} and V ⊂ {d
1
: D1, · · · , dm : Dm}.

2.1 Motivation

The motivation for this algorithm is that if the solution of abstract(E , [V1, · · · , Vn], false) is true, this implies
that the solution of E is true as well, and if the solution of abstract(E , [V1, · · · , Vn], true) is false, this implies
that the solution of E is false.
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