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Objective
• Design a dependency analysis by abstract interpretation of a trace semantics.
• 𝑎 depends on 𝑏 iff changing 𝑏 into a different 𝑏′ will change 𝑎 into a different 𝑎′

• This involves 2 execution traces 𝑎 → 𝑏 and 𝑎′ → 𝑏′ (i.e. it is not a trace
abstraction)

• Recent work (Mounir Assaf, David A. Naumann, Julien Signoles, Éric Totel, and
Frédéric Tronel and Caterina Urban and Peter Müller) suggests abstract
interpretation theory must be revisited

• or not?
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Syntax and trace semantics
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Syntax and trace semantics
• The syntax is a subset of C (while programs)
• The semantics is a structural prefix (or maximal) trace semantics ⟨𝜋ℓ, ℓ𝜋′⟩ ∈ 𝓢∗JSK

(where ℓ = atJSK) means that an execution reaching the entry point ℓ of program
component S may continue as stated by ℓ𝜋′.

• Example: Assignment S ∶∶= ℓ x = A ; (where atJSK = ℓ)
𝓢∗JSK ≜ {⟨𝜋ℓ, ℓ⟩, ⟨𝜋ℓ, ℓ x = A = 𝜈−−−−−−−−−−−−−−−−→ afterJSK⟩ ∣ 𝜋ℓ ∈ 𝕋+ ∧ 𝜈 =𝓐JAK𝝔(𝜋ℓ)} (0)
𝓢+JSK ≜ {⟨𝜋ℓ, ℓ x = A = 𝜈−−−−−−−−−−−−−−−−→ afterJSK⟩ ∣ 𝜋ℓ ∈ 𝕋+ ∧ 𝜈 =𝓐JAK𝝔(𝜋ℓ)}
𝓢∞JSK ≜ ∅ no infinite trace
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Informal Requirements for a Se-
mantic Definition of Dependency
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Informal Requirements for a Semantic Definition of Dependency
• For simplicity, we consider dependency upon initial states
• The dependency of variables on initial states is local, at each program point (not

global as in [D. E. Denning and P. J. Denning, 1977] or on program exit as in
[Assaf, Naumann, Signoles, Totel, and Tronel, 2017; Urban and Müller, 2018])

• We don’t want to make a difference between control and data dependency (as in
[D. E. Denning and P. J. Denning, 1977] and their followers)

• We ignore timing channels (as usual in compilation)
• We ignore empty observations (observing nothing at a program point is not an

observation)
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Formal Semantic Def-
inition of Dependency
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Sequence of values of a variable at a program point
• seqvalJyKℓ(𝜋0, 𝜋) is the sequence of values of the variable y at program point ℓ

along the trace 𝜋 continuing 𝜋0
seqvalJyKℓ(𝜋0, ℓ) ≜ 𝝔(𝜋0)y (1)
seqvalJyKℓ(𝜋0, ℓ′) ≜ ϶ when ℓ′ ≠ ℓ

seqvalJyKℓ(𝜋0, ℓ 𝑎−−−−→ ℓ″𝜋) ≜ 𝝔(𝜋0)y ⋅ seqvalJyKℓ(𝜋0 ⌢⋅ ℓ 𝑎−−−−→ ℓ″, ℓ″𝜋)
seqvalJyKℓ(𝜋0, ℓ′ 𝑎−−−−→ ℓ″𝜋) ≜ seqvalJyKℓ(𝜋0 ⌢⋅ ℓ′ 𝑎−−−−→ ℓ″, ℓ″𝜋) when ℓ′ ≠ ℓ

• (bi-induction: induction for finite traces, co-induction for infinite ones)
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Differences between sequences of values of a variable at a program point
• diff(𝜔, 𝜔′) holds if and only if the sequences of value observations 𝜔 and 𝜔′ at some

program point differ by at least one value

diff(𝜔, 𝜔′) ≜ ∃𝜔0, 𝜔1, 𝜔′1, 𝜈, 𝜈′ . 𝜔 = 𝜔0 ⋅ 𝜈 ⋅ 𝜔1 ∧ 𝜔′ = 𝜔0 ⋅ 𝜈′ ⋅ 𝜔′1 ∧ 𝜈 ≠ 𝜈′ (2)

• ¬diff(𝜔, 𝜔′) implies
• either that 𝜔 = 𝜔′ (no dependency for same futures)
• or one is a strict prefix of the other (timing channels are abstracted away).

• Change this definition to get alternative concepts of dependency (e.g. timing
channels, empty observation, etc.)
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Definition of value dependency
• Π ∈ ℘(𝕋+ × 𝕋+∞) is a trace semantics
• Properties are represented by sets (of individuals with this property)
• Π ∈ 𝒟ℓ⟨x, y⟩ means that y at ℓ depends on the initial value of x

Definition 1 (Dependency 𝒟)

𝒟ℓ⟨x, y⟩ ≜ {Π ∈ ℘(𝕋+ × 𝕋+∞) ∣ ∃⟨𝜋0, 𝜋1⟩, ⟨𝜋′0, 𝜋′1⟩ ∈ Π . (3)
(∀z ∈ V ⧵ {x} . 𝝔(𝜋0)z = 𝝔(𝜋′0)z) ∧

diff(seqvalJyKℓ(𝜋0, 𝜋1), seqvalJyKℓ(𝜋′0, 𝜋′1))} �

“Abstract Semantic Dependency” – 11/40 – © P. Cousot, NYU, CIMS, CS, Thursday, October 10th 2019



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Value dependency flow
• x⇝ℓP y iff, at program point ℓ of program P, variable y depends on the initial value

of variable x (or the initial value of variable x flows to variable y at program point
ℓ)

Definition 2 (Value dependency flow)

x⇝ℓP y ≜ (𝓢+∞JPK ∈ 𝒟ℓ⟨x, y⟩). (4) �
• The use of the prefix trace semantics 𝓢∗JPK is equivalent to that of the maximal

trace semantics 𝓢+∞JPK
Lemma 1 (Value dependency for finite prefix traces)

x⇝ℓP y = (𝓢∗JPK ∈ 𝒟ℓ⟨x, y⟩). �
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Value dependency abstraction
• 𝛼ᶁ(S) is the value dependency abstraction of a semantic property
S ∈ ℘(℘(𝕋+ × 𝕋+∞)) is

Definition (Value dependency abstraction 𝛼ᶁ)

𝛼ᶁ(S)ℓ ≜ {⟨x, y⟩ ∣ S ⊆ 𝒟ℓ⟨x, y⟩} (5)

• This a Galois connection ⟨℘(℘(𝕋+ × 𝕋+∞)), ⊆⟩ −−−−−→←−−−−−
𝛼ᶁ

𝛾ᶁ
⟨ℙᶁ, ⊇ᶁ⟩ where

ℙᶁ ≜ L→ ℘(V × V ) is ordered pointwise

Corollary 1 (Value dependency for finite prefix traces)

ℓ ↦ {⟨x, y⟩ ∣ x⇝ℓP y} = 𝛼ᶁ({𝓢+∞JPK}) = 𝛼ᶁ({𝓢∗JPK}) �
–

–
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Exact, definite, and potential value dependency semantics

𝓢diffJSK ≜ 𝛼ᶁ({𝓢+∞JSK}) = 𝛼ᶁ({𝓢∗JSK}) exact dependency
�̂�∀diffJSK ⊆̇ 𝛼ᶁ({𝓢+∞JSK}) definite dependency

𝛼ᶁ({𝓢+∞JSK}) ⊆̇ �̂�∃diffJSK potential dependency (6)

–

–
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Calculational design of the struc-
tural potential dependency analysis
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Calculational design
• Based on the soundness definition

𝛼ᶁ({𝓢∗JSK}) ⊆̇ �̂�∃diffJSK
• The finite abstract domain is L→ ℘(V × V ) ordered pointwise
• Method

• by structural induction on program components S
• develop 𝛼ᶁ({𝓢∗JSK}) to eliminate the abstraction 𝛼ᶁ
• over-approximate to eliminate all concrete computations (e.g.value of a test

with dead branch)
• A bit more complicated than for DFA since for each program component S, we have

to consider any two execution traces of S (only one for DFA)
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Structural static potential value dependency analysis (cont’d)
• assignment S ∶∶= x = A ;

�̂�∃diffJSK ℓ ≜ ( ℓ = atJSK ? 1V (10)
| ℓ = afterJSK ? {⟨y, x⟩ ∣ y ∈ �̂�∃diffJAK} ∪ {⟨y, y⟩ ∣ y ≠ x}
: ∅ )

�̂�∃diffJAK ≜ {y ∣ ∃𝜌 ∈ Ev . ∃𝜈 ∈ 𝕍 .𝓐JAK𝜌 ≠𝓐JAK𝜌[y← 𝜈]} ⊆ 𝕧𝕒𝕣𝕤JAK
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Proof of (10) We consider the case ℓ = afterJSK. (The cases ℓ = atJSK and ℓ ∉ labxJSK are simpler.)

𝛼ᶁ({𝓢+∞JSK}) afterJSK
= 𝛼ᶁ({𝓢∗JSK}) afterJSK HLemma 1I
= {⟨x′, y⟩ ∣ 𝓢∗JSK ∈𝒟(afterJSK)⟨x′, y⟩} Hdef. (5) of 𝛼ᶁ and def. ⊆I
= {⟨x′, y⟩ ∣ ∃⟨𝜋0, 𝜋1⟩, ⟨𝜋′0, 𝜋′1⟩ ∈ 𝓢∗JSK . ∀z ∈ V ⧵ {x′} . 𝝔(𝜋0)z = 𝝔(𝜋′0)z ∧

diff(seqvalJyK(afterJSK)(𝜋0, 𝜋1), seqvalJyK(afterJSK)(𝜋′0, 𝜋′1))} Hdef. ∈ and (3) of 𝒟ℓ⟨x′, y⟩I
= {⟨x′, y⟩ ∣ ∃⟨𝜋0, 𝜋1⟩, ⟨𝜋′0, 𝜋′1⟩ ∈ {⟨𝜋atJSK, atJSK x=𝓐JAK𝝔(𝜋atJSK)

−−−−−−−−−−−−−−−−−−−−−−−−−−−−→ afterJSK⟩ ∣ 𝜋atJSK ∈ 𝕋+} . ∀z ∈ V ⧵ {x′} .
𝝔(𝜋0)z = 𝝔(𝜋′0)z ∧ diff(seqvalJyK(afterJSK)(𝜋0, 𝜋1), seqvalJyK(afterJSK)(𝜋′0, 𝜋′1))}Hdef. of the assignment prefix finite trace semanticsI

= {⟨x′, y⟩ ∣ ∃⟨𝜋0atJSK, atJSK x=𝓐JAK𝝔(𝜋0atJSK)
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→ afterJSK⟩, ⟨𝜋′0atJSK, atJSK x=𝓐JAK𝝔(𝜋′0atJSK)

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→ afterJSK⟩ . ∀z ∈
V ⧵ {x′} . 𝝔(𝜋0atJSK)z = 𝝔(𝜋′0atJSK)z ∧ diff(seqvalJyK(afterJSK)(𝜋0atJSK, atJSK x=𝓐JAK𝝔(𝜋0atJSK)

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→ afterJSK),
seqvalJyK(afterJSK)(𝜋′0atJSK, atJSK x=𝓐JAK𝝔(𝜋′0atJSK)

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→ afterJSK))} Hdef. ∈I
= {⟨x′, y⟩ ∣ ∃⟨𝜋0atJSK, atJSK x=𝓐JAK𝝔(𝜋0atJSK)

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→ afterJSK⟩, ⟨𝜋′0atJSK, atJSK x=𝓐JAK𝝔(𝜋′0atJSK)
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→ afterJSK⟩ .

(∀z ∈ V ⧵ {x′} . 𝝔(𝜋0atJSK)z = 𝝔(𝜋′0atJSK)z) ∧ diff(𝝔(𝜋0atJSK x=𝓐JAK𝝔(𝜋0atJSK)
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→ afterJSK)y,

𝝔(𝜋′0atJSK x=𝓐JAK𝝔(𝜋′0atJSK)
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→ afterJSK)y)} Hdef. (0) of the future seqvalJyKI
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= {⟨x′, y⟩ ∣ ∃⟨𝜋0atJSK, atJSK x=𝓐JAK𝝔(𝜋0atJSK)
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→ afterJSK⟩, ⟨𝜋′0atJSK, atJSK x=𝓐JAK𝝔(𝜋′0atJSK)

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→ afterJSK⟩ . (∀z ∈
V ⧵ {x′} . 𝝔(𝜋0atJSK)z = 𝝔(𝜋′0atJSK)z) ∧ ((𝝔(𝜋0atJSK)y ≠ 𝝔(𝜋′0atJSK)y) ∨ (𝝔(𝜋0atJSK)y = 𝝔(𝜋′0atJSK)y ∧
𝝔(𝜋0atJSK x=𝓐JAK𝝔(𝜋0atJSK)

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→ afterJSK)y ≠ 𝝔(𝜋′0atJSK x=𝓐JAK𝝔(𝜋′0atJSK)
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→ afterJSK)y)}H(2) so that diff(𝑎 ⋅ 𝑏, 𝑐 ⋅ 𝑑) if and only if (1) 𝑎 ≠ 𝑐 or (2) 𝑎 = 𝑐 ∧ 𝑏 ≠ 𝑑.I

= {⟨x′, y⟩ ∣ ∃⟨𝜋0atJSK, atJSK x=𝓐JAK𝝔(𝜋0atJSK)
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→ afterJSK⟩, ⟨𝜋′0atJSK, atJSK x=𝓐JAK𝝔(𝜋′0atJSK)

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→ afterJSK⟩ . (∀z ∈
V ⧵ {x′} . 𝝔(𝜋0atJSK)z = 𝝔(𝜋′0atJSK)z) ∧ ((y = x′) ∨ (y = x ∧𝓐JAK𝝔(𝜋0atJSK) ≠𝓐JAK𝝔(𝜋′0atJSK)))} Hdef. 𝝔I
⊆ {⟨x′, y⟩ ∣ ((y = x′) ∨ (y = x ∧ ∃𝜌, 𝜈 .𝓐JAK𝜌 ≠𝓐JAK𝜌[x′ ← 𝜈]))} (1)

Hletting 𝜌 = 𝝔(𝜋0atJSK) and 𝜈 = 𝝔(𝜋′0atJSK)(x′) so that ∀z ∈ V ⧵ {x′} . 𝝔(𝜋0atJSK)z = 𝝔(𝜋′0atJSK)z implies
that 𝝔(𝜋′0atJSK) = 𝜌[x′ ← 𝜈].I

= {⟨x′, x′⟩ ∣ x′ ≠ x} ∪ {⟨x′, x⟩ ∣ ∃𝜌, 𝜈 .𝓐JAK𝜌 ≠𝓐JAK𝜌[x′ ← 𝜈]} Hcase analysisI
= {⟨x′, x′⟩ ∣ x′ ≠ x} ∪ {⟨x′, x⟩ ∣ x′ ∈ �̂�∃diffJAK}

Hby defining the functional dependency of an expression A as �̂�∃diffJAK ≜ {x′ ∣ ∃𝜌, 𝜈 . 𝓐JAK𝜌 ≠
𝓐JAK𝜌[x′ ← 𝜈]} in (10)I �
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Determinacy
• if variables in x ∈ det(B1, B2) have different values then B1 and B2 cannot both be

true
i.e. if B1 and B2 are both true then the values of variables x ∈ det(B1, B2) are the same

det(B1, B2) ⊆ {x ∣ ∀𝜌, 𝜌′ . (𝓑JB1K𝜌 ∧𝓑JB2K𝜌′) ⇒ (𝜌(x) = 𝜌′(x))} (13)

e.g. det(x=1, x=1 ∧ y=42) = {x}

• The values of variables in det(B, B) are determined by the veracity of B

det(B, B) ⊆ {x ∣ ∀𝜌, 𝜌′ . (𝓑JBK𝜌 ∧𝓑JBK𝜌′) ⇒ (𝜌(x) = 𝜌′(x))}
e.g. det(x=y ∧ z=42, x=y ∧ z=42) = {z}
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Non-determinacy:
• variables in x ∈ nondet(B1, B2) do not change the veracity of B1 and B2

nondet(B1, B2) ⊇ V ⧵ det(B1, B2)
⊇ {x ∣ ∃𝜌, 𝜌′ .𝓑JB1K𝜌 ∧𝓑JB2K𝜌′ ∧ 𝜌(x) ≠ 𝜌′(x)}

e.g. nondet(x=1, x=1 ∧ y=42) = {y}

• The values of variables in x ∈ nondet(B, B) are not determined by the veracity of B

nondet(B, B) ⊇ {x ∣ ∃𝜌, 𝜌′ .𝓑JBK𝜌 ∧𝓑JBK𝜌′ ∧ 𝜌(x) ≠ 𝜌′(x)}
e.g. det(x=y ∧ z=42, x=y ∧ z=42) = {x, y}
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Structural static potential value dependency analysis (cont’d)
• conditional S ∶∶= if (B) S𝑡

�̂�∃diffJSK ℓ ≜ ( ℓ = atJSK ? 1V (a) (12)
| ℓ ∈ inJS𝑡K ? �̂�∃diffJS𝑡K ℓ ⌉ nondet(B, B)1 (b)
| ℓ = afterJSK ? �̂�∃diffJS𝑡K afterJS𝑡K ⌉ nondet(B, B) (c.1)

∪ 1V ⌉ nondet(¬B, ¬B) (c.2)
∪ nondet(¬B, ¬B) ×modJS𝑡K (c.3)

: ∅ ) (d)

modJS𝑡K is the set of variables that may be modified by S𝑡

1⌉ is left restriction
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Example
• S ∶∶= ℓ L = H ;ℓ′

�̂�∃diffJSK ℓ = {⟨L, L⟩, ⟨H, H⟩}
�̂�∃diffJSK ℓ′ = {⟨H, L⟩} ∪ {⟨H, H⟩}.

• S′ ∶∶= { if ℓ1 (H) ℓ2 L = H ;ℓ3 else ℓ4 L = H ;ℓ5 }ℓ6
nondet(H, H) = nondet(¬H, ¬H) = {L}
�̂�∃diffJS′K ℓ1 = {⟨L, L⟩, ⟨H, H⟩}

�̂�∃diffJS′K ℓ2 = �̂�∃diffJS′K ℓ4 = {⟨L, L⟩}
�̂�∃diffJS′K ℓ3 = �̂�∃diffJS′K ℓ5 = {⟨H, H⟩}

�̂�∃diffJS′K ℓ6 = {⟨H, L⟩} ∪ {⟨H, H⟩}
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Structural static potential value dependency analysis (cont’d)
• statement list Sl ∶∶= Sl′ S

�̂�∃diffJSlK ℓ ≜ ( ℓ ∈ labxJSl′K ? �̂�∃diffJSl′K ℓ (16.a)
| ℓ ∈ labxJSK ⧵ {atJSK} ? �̂�∃diffJSl′K atJSK # �̂�∃diffJSK ℓ (16.b)
: ∅ )

where 𝑟1 # 𝑟2 ≜ {⟨𝑥, 𝑦⟩ ∣ ∃𝑧 . ⟨𝑥, 𝑧⟩ ∈ 𝑟1 ∧ ⟨𝑧, 𝑦⟩ ∈ 𝑟2}.
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Structural static potential value dependency analysis (cont’d)
• iteration S ∶∶= while ℓ (B) S𝑏

�̂�∃diffJSK ℓ′ = (lfp ⊆̇Fdiff
∃ Jwhile ℓ (B) S𝑏K) ℓ′ (17)

Fdiff
∃ Jwhile ℓ (B) S𝑏K𝑋 ℓ′ =
( ℓ′ = ℓ ? 1V ∪ (𝑋(ℓ) # (�̂�∃diffJS𝑏K ℓ ⌉ nondet(B, B))) (a)
| ℓ′ ∈ inJS𝑏K ? 𝑋(ℓ) # (�̂�∃diffJS𝑏K ℓ′ ⌉ nondet(B, B)) (b)
| ℓ′ = afterJSK ? 𝑋(ℓ) ∪ (𝑋(ℓ) # (V ×modJS𝑏K)) ∪

𝑋(ℓ) # ((⋃ℓ″∈breaks-ofJS𝑏K �̂�∃diffJS𝑏K ℓ″) ⌉ nondet(B, B))
(c)

: ∅ ) (d)
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Reduced product with a
relational value analysis
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Structural compositionality (cont’d)
In the following statement, x and y at ℓ1 depend on x at ℓ0

/* 𝑥 = 𝑥0, 𝑦 = 𝑦0 */
ℓ0 y = x ;
ℓ1 /* 𝑥 = 𝑥0, 𝑦 = 𝑥0 */

In the following statement, x and y at ℓ2 depend on x at ℓ1
/* 𝑥 = 𝑥0, 𝑦 = 𝑦0 */

ℓ1 y = y-x ;
ℓ2 /* 𝑥 = 𝑥0, 𝑦 = 𝑦0 − 𝑥0 */In the sequential composition of the two statements

/* 𝑥 = 𝑥0, 𝑦 = 𝑦0 */
ℓ0 y = x ; /* 𝑥 = 𝑥0, 𝑦 = 𝑥0 */
ℓ1 y = y-x ; /* 𝑥 = 𝑥0, 𝑦 = 0 */
ℓ2

y at ℓ2 depends on x at ℓ1 which depends on x at ℓ0
By composition, y at ℓ2 depends on x at ℓ0.
However, y = 0 at ℓ2 so y at ℓ2 does not depend on x at ℓ0.
⟹ reduced product with a value analysis (here Karr linear equalities)
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Structural compositionality (cont’d)
In the following statement, x and y at ℓ1 depend on x at ℓ0

/* 𝑥 = 𝑥0, 𝑦 = 𝑦0 */
ℓ0 y = x ;
ℓ1 /* 𝑥 = 𝑥0, 𝑦 = 𝑥0 */

In the following statement, x and y at ℓ2 depend on x at ℓ1
/* 𝑥 = 𝑥0, 𝑦 = 𝑦0 */

ℓ1 y = y-x ;
ℓ2 /* 𝑥 = 𝑥0, 𝑦 = 𝑦0 − 𝑥0 */In the sequential composition of the two statements

/* 𝑥 = 𝑥0, 𝑦 = 𝑦0 */
ℓ0 y = x ; /* 𝑥 = 𝑥0, 𝑦 = 𝑥0 */
ℓ1 y = y-x ; /* 𝑥 = 𝑥0, 𝑦 = 0 */
ℓ2

y at ℓ2 depends on x at ℓ1 which depends on x at ℓ0
By composition, y at ℓ2 depends on x at ℓ0.
However, y = 0 at ℓ2 so y at ℓ2 does not depend on x at ℓ0.
⟹ reduced product with a value analysis (here Karr linear equalities)

“Abstract Semantic Dependency” – 28/40 – © P. Cousot, NYU, CIMS, CS, Thursday, October 10th 2019



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Dye instrumented semantics
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Dye analysis in hydrology
When a river is lost in the ground (e.g. la perte du Gour de Champlive in France)

Guide méthodologique – les outils de l’hydrogéologie karstique 
 

RP-58237-FR 23 

 
Illustration 2 : Perte du Gour de Champlive (Doubs) en Franche Comté (© Mettetal) [à gauche] 

et perte de la Couze (© P.Marchet)[à droite] 

Les lapiaz (Illustration 3) sont des objets morphologiques que l’on rencontre 
fréquemment dans le modelé karstique de surface. Ils se présentent sous la forme de 
"champs" de cannelures ou de sillons, plus ou moins profonds, creusés à la surface 
des bancs calcaires et peuvent recouvrir entièrement certains plateaux calcaires de 
haute montagne. Leur aspect dénudé leur confère un côté lunaire, comme c'est le cas 
pour le lapiaz du désert de Platé ou du Parmelan en Haute-Savoie ou des Arres d'Anie 
au sein du massif de la Pierre Saint-Martin dans les Pyrénées Atlantiques. 

 

Illustration 3 : Lapiez des Alpes- le Désert de Platé (© BRGM-imagé)(à gauche] et (© 
Ph.Crochet) [à droite] 

Les dolines (Illustration 4) sont les formes de surface les plus caractéristiques du 
karst. Ce sont des dépressions fermées, circulaires ou ovales, dont la profondeur peut 
atteindre une centaine de mètres. Elles se présentent parfois en champs, transformant 
ainsi la surface calcaire en véritable "écumoire". Leur fond est souvent tapissé d'argiles 
rouges (appelées terra rossa dans les pays méditerranéens) qui colmatent les fissures 
et entravent ainsi leur approfondissement. Elles peuvent toutefois continuer à s'élargir : 
la cuvette initiale est alors transformée et prend souvent l'aspect d'une dépression 
irrégulière, allongée suivant l'axe principal de la fracturation. Une doline peut ainsi en 

a dye analysis with fluorescein can be used to discover its resurgences

Guide méthodologique – les outils de l’hydrogéologie karstique 
 

RP-58237-FR 111 

4.5. UTILISATION DES TRAÇAGES ARTIFICIELS EN HYDROGEOLOGIE 
KARSTIQUE  

 

Type de situation Situation 1 et  Situation 2 

Données 
nécessaires 

Inventaire des  points d’eau, des objets karstiques, débits aux 
points de suivi de la restitution 

Résultats attendus Eléments pour la délimitation de la surface du bassin 
d’alimentation ; volume tracé + vitesse apparente de transit + 
taux de restitution => indications sur organisation du réseau 
de drainage 

 
© Ginger 

4.5.1. Introduction 

Le traçage artificiel des eaux souterraines est une méthode rapide et pratique de 
reconnaissance des écoulements souterrains. Elle est utilisée depuis très longtemps 
en hydrogéologie. L’idée de tracer l’eau est très ancienne. Dès l’antiquité l’homme a 
essayé de reconnaître les directions des écoulements souterrains en utilisant des 
moyens très simples comme de la paille ou de la sciure. Les premiers « vrais essais de 
traçage » des eaux souterraines remontent à la fin du 19ème siècle (1877 : traçage sur 
12 km entre les pertes du Danube et la source de l’Aach, Allemagne). Il s’agit du 
premier test quantitatif réalisé à l’aide du sel. C’est également en 1877, que l’on 
emploie pour la première fois la fluorescéine en utilisant sa visibilité. L’uranine ou 
fluorescéine sodique est depuis cette date un des traceurs artificiels les plus utilisés en 
hydrogéologie (Käss, 1998). 

En France, l’approche des circulations karstiques remonte aux années 1930 grâce aux 
travaux de Martel et Fournier d’après la synthèse de 75 expériences de coloration 
(Gèze, 1957). Jusqu’à une période assez récente, les traçages étaient exclusivement 
utilisés pour déterminer le point de résurgence des eaux d’une perte de cours d’eau ou 
des eaux d’une rivière souterraine découverte lors d’explorations spéléologiques. Les 
traçages étaient, d’ailleurs, dans leur grande majorité réalisés par les spéléologues. 
Depuis quelques décennies le traçage artificiel des eaux est utilisé dans des domaines 
plus variés et, en particulier, est devenue une méthode très utilisée en hydrogéologie 
karstique. Le développement des méthodes d’analyses des traceurs et, surtout, des 

Guide méthodologique – les outils de l’hydrogéologie karstique 
 

RP-58237-FR 111 

4.5. UTILISATION DES TRAÇAGES ARTIFICIELS EN HYDROGEOLOGIE 
KARSTIQUE  

 

Type de situation Situation 1 et  Situation 2 

Données 
nécessaires 

Inventaire des  points d’eau, des objets karstiques, débits aux 
points de suivi de la restitution 

Résultats attendus Eléments pour la délimitation de la surface du bassin 
d’alimentation ; volume tracé + vitesse apparente de transit + 
taux de restitution => indications sur organisation du réseau 
de drainage 

 
© Ginger 

4.5.1. Introduction 

Le traçage artificiel des eaux souterraines est une méthode rapide et pratique de 
reconnaissance des écoulements souterrains. Elle est utilisée depuis très longtemps 
en hydrogéologie. L’idée de tracer l’eau est très ancienne. Dès l’antiquité l’homme a 
essayé de reconnaître les directions des écoulements souterrains en utilisant des 
moyens très simples comme de la paille ou de la sciure. Les premiers « vrais essais de 
traçage » des eaux souterraines remontent à la fin du 19ème siècle (1877 : traçage sur 
12 km entre les pertes du Danube et la source de l’Aach, Allemagne). Il s’agit du 
premier test quantitatif réalisé à l’aide du sel. C’est également en 1877, que l’on 
emploie pour la première fois la fluorescéine en utilisant sa visibilité. L’uranine ou 
fluorescéine sodique est depuis cette date un des traceurs artificiels les plus utilisés en 
hydrogéologie (Käss, 1998). 

En France, l’approche des circulations karstiques remonte aux années 1930 grâce aux 
travaux de Martel et Fournier d’après la synthèse de 75 expériences de coloration 
(Gèze, 1957). Jusqu’à une période assez récente, les traçages étaient exclusivement 
utilisés pour déterminer le point de résurgence des eaux d’une perte de cours d’eau ou 
des eaux d’une rivière souterraine découverte lors d’explorations spéléologiques. Les 
traçages étaient, d’ailleurs, dans leur grande majorité réalisés par les spéléologues. 
Depuis quelques décennies le traçage artificiel des eaux est utilisé dans des domaines 
plus variés et, en particulier, est devenue une méthode très utilisée en hydrogéologie 
karstique. Le développement des méthodes d’analyses des traceurs et, surtout, des 
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Dye instrumented semantics
• The initial values of the variables are colored with different colors
• The initial color of a variable can be the variable name
• The dye instrumented semantics is sound iff it associates to each variable y and

program point ℓ the set of colors/variables x upon which is depends

{x ∣ 𝓢+∞JPK ∈ 𝒟ℓ⟨x, y⟩}
• Better approach than postulating the dye instrumented semantics [Cheney, Ahmed,

and Acar, 2011] (e.g. the mix of colors at tests and assignments can be postulated
arbitrarily)
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Tracking analysis
• Partition the variables V into racked T and untracked U variables (V = T ∪U and

T ∩U = ∅)
• Tracking abstraction 𝛼𝜏(𝐃) of a dependency property 𝐃 ∈ L→ ℘(V × V )

𝛼𝜏(𝐃)ℓ ≜ {y ∣ ∃x ∈ T . ⟨x, y⟩ ∈ 𝐃(ℓ)}
• Sound tracking analysis

𝓢𝜏JSK ⊇ 𝛼𝜏(𝛼ᶁ({𝓢+∞JSK}))
• Examples: taint analysis in privacy/security checks [Ferrara, Olivieri, and Spoto,

2018; Spoto, Burato, Ernst, Ferrara, Lovato, Macedonio, and Spiridon, 2019]
(tracked is tainted, untracked is untainted); binding time analysis in offline partial
evaluation [Hatcliff, 1998] (tracked is dynamic, untracked is static) and absence of
interference [Bowman and Ahmed, 2015; Goguen and Meseguer, 1984; Heinze and
Turker, 2018; Lourenço and Caires, 2015; Volpano, Irvine, and Smith, 1996]
(tracked is high (private/untrusted), untracked is low (public/trusted)).
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Conclusion

“Abstract Semantic Dependency” – 33/40 – © P. Cousot, NYU, CIMS, CS, Thursday, October 10th 2019



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Conclusion
• The dependency analysis is not postulated but derived formally by abstract

interpretation of the trace semantics.
• No need for extra notions like (hyper)𝑛properties [Assaf, Naumann, Signoles, Totel,

and Tronel, 2017], non-standard abstract interpretation [Urban and Müller, 2018],
postulated instrumented semantics [Ørbæk, 1995, Sect. 4], multisemantics [Cabon
and Schmitt, 2017], monadic reification [Grimm, Maillard, Fournet, Hritcu, Maffei,
Protzenko, Ramananandro, Rastogi, Swamy, and Béguelin, 2018], etc.
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The End, Thank you
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