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Program slicing

extract a program fragment with statements related to the values
computed at some program point −→ slicing criterion

Slices are traditionally computed from a program dependence
graph that makes explicit both the data and control dependences
for each operation in a program.

forward / backward slicing

static / dynamic slicing

Applications: debugging, reuse, merging, testing, . . .

In lazy languages, debugging is very complex, and is performed with
the help of redex trails.
¤
£

¡
¢IDEA! Use those redex trails to perform slicing.
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Example: Debugging a program (I)

Computing the maximum of the list [coin ; SZ]
'

&

$

%

main = printMax (minmax [coin, S Z])

printMin t = case t of {Pair x y -> printNat x}

printMax t = case t of {Pair x y -> printNat y}

printNat n = case n of {Z -> 0;

S m -> 1 + printNat m}

fst t = case t of {Pair x y -> x}

snd t = case t of {Pair x y -> y}

coin = Z or (S Z)
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Debugging a program (II)

'

&

$

%

min x y = ite (leq x y) x y

max x y = ite (leq x y) y x

minmax xs = case xs of

{y:ys -> case ys of

{[] -> Pair y y;

z:zs -> let m = minmax (z:zs)

in Pair (min y (fst m))

(max y (snd m))} }

ite x y z = case x of {True -> y;

False -> z}

leq x y = case x of {Z -> False;

S n -> case y of {Z -> False;

S m -> leq n m} }
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The tracer (I)

Curry is a conservative extension of Haskell with features from logic
programming
When tracing this example, Curry's tracer tool initially shows

²

±

¯

°

main -> 0

-> 1

The user may select the �rst erroneous result
Â

Á

¿

À

0 = main

0 = printMax (Pair _ Z)

0 = printNat Z

0 = 0

The user can easily see now that the argument of printMax is
incorrect.
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The tracer (II)

Selecting the argument of printMax
º

¹

·

¸

0 = printMax (Pair _ Z)

Pair _ Z = minmax (Z:_)

Pair _ Z = Pair _ Z

¨

§

¥

¦Which subtrace should be computed next? It is not clear.

Slicing comes in handy at this point:

clearly, the evaluation of minmaxcontains a bug

slicing the program w.r.t the slicing criterion
〈minmax (Z : ), Pair Z, Pair ⊥ >〉

can help the user to locate the error
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The redex trail

Redex trail for the erroneous computation of example minmax.

main printMax  fcase  

minmax  

printNat  fcase  

max   

0

Pair   fcase  fcase  

Cons   

Cons   

Zfcase  ite    

coin

leq   fcase  False

Z

Redex Trails contain three types of arrows:

1. Successor arrows: from each redex to its reduct

2. Argument arrows: for function and constructor calls

3. Parent arrows: to the redex or expression demanding its
evaluation
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The computed slice (I)

'

&

$

%

main = printMax ( minmax [coin, S Z] )

printMin t = case t of {Pair x y -> printNat x}

printMax t = case t of {Pair x y -> printNat y}

printNat n = case n of {Z -> 0;

S m -> 1 + printNat m}

fst t = case t of {Pair x y -> x}

snd t = case t of {Pair x y -> y}

coin = Z or (S Z)
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The computed slice (II)

'

&

$

%

min x y = ite (leq x y) x y

max x y = ite (leq x y) y x

minmax xs = case xs of

{y:ys -> case ys of

{ [] -> Pair y y;

z:zs -> let m = minmax (z:zs)

in Pair (min y (fst m))

(max y (snd m))} }

ite x y z = case x of { True -> y;

False -> z}

leq x y = case x of {Z -> False;

S n -> case y of {Z -> False;

S m -> leq n m} }
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Normaliz ed Flat Representation of

Programs

'

&

$

%

P ::= D1 . . . Dm e ::= x

D ::= f(x1, . . . , xn) = e | c(x1, . . . , xn)

| f(x1, . . . , xn)

| case x of {p1 → e1 . . . pn → en}

| let x = e1 in e2

p ::= c(x1, . . . , xn) | e1 or e2
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The extended operational semantics

The extended operational semantics covers all aspects of functional
logic languages, like

laziness,

pattern-matching,

sharing,

logical variables, and

non-determinism,

generating also the redex trail of a computation. [Braßel et al PPDP 04]¤
£

¡
¢Idea: store program positions in the computed trail
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Con�gurations

Each state of the (small-step) instrumented semantics is a tuple
〈¡ , e, S, G, r , p,P〉 where

Γ is the current heap (mapping from variables to expressions),

e is the expression to be evaluated (called the control of the
semantics),

S is the stack (representing the current context),

G is a directed graph (the trail built so far),

r and p are references for the current and parent nodes of e, and

P denotes the list of program positions of e.

Dynamic Slicing based on Redex Trails – p.12/28



Extended Operational Semantics:

Some Rules

¤
£

¡
¢fun

〈¡ , ρ(e), S, G[r
p
7→
q

P f (xn)], q, r , [f , ¤]〉

where

f (yn ) = e ∈ P and ρ = {yn 7→ xn }

performs a function unfolding

adds a node to G labeled with the function call f (xn )

program positions are reset to [f, ¤]
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Extended Operational Semantics:

Some Rules

¤
£

¡
¢case

〈¡ , case x of {pk → ek}, S, G, r , p, (g, w) : P〉 =⇒

〈¡ , x, (( f ){pk → ek}, r ) : S, G[r
p
7→P case x of {pk → ek}], q, r , [g, w.1]〉

evaluates the case arguments pushing alternatives on Stack

adds a node to G without successor

reference r is stored in the Stack

program position are updated to [(g, w.1)]
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Extended Operational Semantics:

Some Rules

¤
£

¡
¢select

〈¡ , c(yn), (( f ){pk → ek}, r 0) : S, G, r , p,P〉 =⇒

〈¡ , ρ(ei ), S, G[r
p
7→P c(yn), r 0 7→

q
(g;w): P 0], q, r 0, g, w.2.i 〉

where

i ∈ {1, . . . k}, pi = c(xn ) and ρ = {xn 7→ yn }

the appropriated branch is selected,

adds a node to G labeled with the computed value c(yn ) for the
case argument

reference r0 in the Stack is used to

set the right successor for the case expression

update the program positions of the derived con�gur ationDynamic Slicing based on Redex Trails – p.15/28



Slicing Criterion

A slicing criterion is a tuple 〈f (pvn), pv, l , π〉 where

f (pvn ) is a function call whose arguments are fully evaluated, i.e.,
as much as needed in (C0 =⇒¤ Cm ),

pv is a partial value,

l > 0 is a natural number , and

π is a slicing pattern.

For example, the slicing criterion that we are interested when
debugging the example program would be
〈minmax (Z : ), Pair Z, 1, Pair ⊥ >〉¨

§

¥

¦This seems complex, but...
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The Slicing Criterion and the tracer

The tracing tool shows (sub)traces of the form

val1 = f1(v1
1 , . . . , v1

m )

val2 = f2(v2
1 , . . . , v2

m )

. . .

valk = fk (vk
1 , . . . , vk

m )

and a slicing criterion has the form 〈f i (vi
1, . . . , vi

m), val i , l , π〉.

¨

§

¥

¦A slicing criterion can be produced from the trace of a computation.
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SC-node

The SC-node associated to 〈f (pvn), pv, l , π〉 is the l-th node r of a
traversal of the graph ful�lling:

the node r is labeled with f (xn )

the variables xn point to nodes that evaluate (following the
successor chain) to expressions labeled with pvn

the path starting at r ends in a node labeled with pv.
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Reachable nodes

The set of positions of reachable nodes are collected by

1. collecting program positions in the path from the SC-node to its
computed value

2. also following subcomputations for case arguments

3. �nally applying 1 to the arguments of the computed value,
according to π
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Slicing our Example

¨

§

¥

¦In summary for the program minmaxand the slicing criterion

〈minmax(Z : _), Pair _ Z, 1, Pair ⊥ >〉, the reachable program
positions are shown in gray.

main printMax  fcase  

minmax  

printNat  fcase  

max   

0

Pair   fcase  fcase  

Cons   

Cons   

Zfcase  ite    

coin

leq   fcase  False

Z
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Highlights

Slicer built on top of existing tracer (based on redex trails)

The redex trails are built through an operational semantics

We have extended this operational semantics to include the
location of each reduced expression.

Dynamic slices are computed by

gathering nodes reachable from node containing the slicing
criterion

deleting those expressions in the original program do not
belonging to the collected nodes
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Highlights II

First dynamic backward slicing technique for lazy declarative
languages

Computed slices are both
¤
£

¡
¢minimal and correct

This idea can be used in any lazy declarative language¨

§

¥

¦A similar extension for Hat is currently being implemented

Slicer tool implemented in Curry

GUI built with a Tk library for curry

fully integrated with the tracer

generates slice.curry �les

generates .tex and .pdf versions of slices (for discussion)

�e xible, allows con�gur ation of colors, editors, etc.
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The tool (I)

Main screen
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The tool (III)

Start tracing the ®le
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The tool (IV)

Get the slice
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Program Specialization

When debugging, we gray those parts of the program do not belonging
to the slice.
¨
§

¥
¦IDEA: replace those parts by a special symbol: ?

If we consider ? as a fresh 0-ary constructor ⇒ the slice is executable.¤
£

¡
¢Problem: All program types should be extended to include ?¤

£
¡
¢Solution: In Curry we replace ? by free variables

For instance
lineCharCount str = lcc str ? Z

is replaced by
lineCharCount str = lcc str x Z where x free
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Future Work

development of new program transformation to
improve the ef®ciency of dynamic slicing

extensions for higher-order, constraints, built-in
functions

design of methods for static slicing of functional logic
programs.
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Thanks for your attention.

Questions?
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