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Abstract

Metaprogramming consists of writing programs that generate or manipulate other
programs. Template Haskell i s a very recent extension of Haskell , currently imple-
mented in the Glasgow Haskell Compiler, giving support to metaprogramming at
compile time. Our aim is to apply these faciliti es in order to statically analyse pro-
gramsandtransform them at compile time. In thispaper weuseTemplateHaskell to
implement an abstract interpretation based strictnessanalysisanda let-to-casetrans-
formation that uses the results of the analysis. This work shows the usefulnessof
the tool in order to incorporate new analyses and transformations into the compiler
without modifying it.

1 INTRODUCTION

Metaprogramming consists of writing programs that generate or manipulate other
programs. Template Haskell [ 16] is avery recent extension of Haskell , currently
implemented in the Glasgow Haskell Compiler [11] (GHC), giving support to
metaprogramming at compile time. Using such extension, a program written by
aprogrammer can be inspected and/or modified at compile timebeforeproceeding
with the rest of the compilation process.

Our aim isto apply thesemetaprogramming faciliti esin order to statically anal-
yseprograms and transform them at compile time. This will allow us on the one
hand to quickly implement new analysesdefined for functional languages and on
the other hand to incorporate these analysesinto the compiler without modifying
it.

In particular, languageslike Eden [5] can benefit from thesefaciliti es. Eden is
a parallel extension of Haskell whose compiler is implemented onGHC [3]. Sev-
eral analyseshave been theoretically defined for this language [13, 10, 4] but they
have not been incorporated to the compiler becausethis involvesthe modification
of GHC, once for each new analysis we could define, which doesnot seem much
reasonable. Using Template Haskell any new analysis or transformation could be
proved easily and incorporated to the compilation processwithout directly modi-
fying the internals of the compiler.

?Work partially supported by the Spanish project TIN2004-07943-C04.
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data Exp =
LitE Lit -- literal
VarE String -- variable
ConE String -- constructor
LamE [Pat] Exp -- lambda abstraction
AppE Exp Exp -- application
CondE Exp Exp Exp -- conditional
LetE [Dec] Exp -- let expression
CaseE Exp [Match] -- case expression
InfixE (Maybe Exp) Exp (Maybe Exp) -- primitive op.
. . .

data Match =
Match Pat Body [Dec] -- pat -> body where decs

data Pat =
VarP String -- variable
ConP String [Pat] -- constructor
. . .

data Body =
NormalB Exp -- just an expression
. . .

data Dec =
ValD Pat Body [Dec] -- value
FunD String [Clause [Pat] Body Dec] -- function
. . .

FIGURE 1. Data types representing Haskell syntax

In thispaper we explore thepossibiliti esof TemplateHaskell by implementing
an abstract interpretation based strictness analysis and a let-to-casetransformation
that usesthe results of the analysis. These are well-known and already solved
problems, which allowsus to concentrate on the problems arising from the tool.

2 TEMPLATE HASKELL

Template Haskell i s arecent extension of Haskell f or compile-time meta-progra-
mming. This extension allows theprogrammer to observe the structure of the code
of aprogram andeither transform that code, generate new code from it, or analyse
its properties. In this section we summarizethe faciliti esoffered by the extension.

The codeof aHaskell expression is represented byan algebraic data typeExp,
and similarly are represented each of the syntatic categoriesof aHaskell program,
like declarations (Dec) or patterns (Pat). In Figure 1 we show parts of the defini-
tions of thesedata types, which wewill uselater in Section 4.

Once Template Haskell hasprocessed a Haskell program, its abstract syntax
treeis accesible and consequently transformations and analyses can easily be de-
fined by casesover the syntax.
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A quasi-quotation mechanism allowing to represent templates, i.e. Haskell
programs at compiletime, is available. Quasi-quotations are constructed by placing
brackets, [| and|], aroundconcrete Haskell syntax fragments. This mechanism
isbuilt on top of aquotation monad Q:

instance Monad Q
runQ :: Q a -> IO a
. . .
type ExpQ = Q Exp
. . .

Obviously, asQ is amonad, theusual operatorsbind, return andfail are
available, aswell asthedo-notation. Writing[|e|] ” lift s” theHaskell expression
e of typeExp into the monadic world, getting the typeExpQ.

Code can also bebuilt usingsomefunctions available in thelibrary Language
.Haskell.THSyntax. For example, we can build expression[|\ x -> x|]
also by writing lam [pvar "x"] (var "x"), where lam, pvar and var
are library functions that build, respectively, lambda abstractions, pattern variables
and expression variables.

Once the expression ” lives” in the monadic world, parts of it can be evalu-
ated at compile time by means of the splice notation $. This means compile-
time evaluation when placed at top level or inside aquasi-quoted expression. The
result of the evaluation is spliced into the enclosing expression. As an exam-
ple, [| \ x -> $e |] evaluatese at compile time and the result of the eval-
uation, a Haskell expression e’, is spliced into the lambda abstraction giving
[| \ x -> e’ |].

There are other featuresof Template Haskell we are not using here; the inter-
ested reader may look at [16] for more details.

3 STRICTNESSANALY SISAND LET-TO-CASE TRANSFORMATION

Lazy functional languages, like Haskell , use a call-by-need parameter passing
mechanism: A parameter is evaluated only if it i s used in the body of the func-
tion; once it hasbeen evaluated to weak-head normal form, it is updated with the
new value so that subsequent accessesto that parameter do not evaluate it from
scratch. The implementation of this mechanism builds a closure or suspension for
the actual argument, which is updated when evaluated. The same happens with
a variable bound bya let expression: A closure is built and it is evaluated and
subsequently updated when themain expression demands its value.

The strictness analysis [8, 1, 17, 2] detects thoseparameters that will be evalu-
ated by thebody of a function. In that casethe closure construction can be avoided
and its evaluation can be done immediately. This means that call-by-need is re-
placed by call-by-value.

The same analysis can be used to detect thosevariablesbound bya let expres-
sion that will be evaluated by the main expression of the let. Such variables can
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e → c { constant }
| v { variable }
| e1 op e2 { primitive operator }
| if e1 then e2 then e3 { conditional}
| λb.e { first-order lambda }
| C e1 . . .en {constructor application }
| e1 e2 { function application }
| let v1 = e1 . . .vn = en in e { let expression }
| caseeof alt1 . . .altn { case expression }

alt → C b1 . . .bn → e
| b→ e

FIGURE 2. A first-order subset of Haskell

be immediately evaluated, so that the let expression can be transformed into a case
expression without modifying the expression semantics [15]. This is known as
let-to-casetransformation:

let x = e in e′ ⇒ caseeof x→ e′

Strictness analysis can be done by using abstract interpretation [9]. This tech-
nique can be considered as anon-standard semanticsin which thedomain of values
is replaced by a domain of valuesdescriptions, and where each syntactic operator
is given anon-standard interpretation allowing to approximate at compile time the
run-time behavior with respect to the property being studied. In [8] Mycroft gave
for thefirst time an abstract interpretation based strictness analysis for afirst-order
functional language. Later, Burn et al. [1] extended it to higher order programs and
Wadler [17] introduced the analysis of data types. In [12] Peyton Jones and Par-
tain described how to use signaturesin order to make abstract interpretation more
efficient.

We show here an abstract interpretation based strictness analysis for a first-
order functional language with data types. In the next section we describe how
we have implemented it by using signaturesto represent functions in an efficient
way. For technical reasons, in Section 5we will explain why, the language being
analysed is afirst-order subset of Haskell with data types, whose syntax is shown
in Figure 2.

Noticethat for flexibilit y reasonswe allow lambda abstractions as expressions,
but we restrict them to be first-order lambda abstractions, i.e. the parameter is a
variable b that can only be boundto abasic or an algebraic value. As the language
is first-order the only placeswhere lambda abstractions are allowed are function
applications andright handsidesof let bindings. Functionandconstructor applica-
tions must be saturated. Let bindings may be recursive. If we lift ed the previously
mentioned restrictions wewould have ahigher-order subset of Haskell .
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[[c]] ρ = >
[[v]] ρ = ρ(v)
[[e1 op e2]] ρ = [[e1]] ρu [[e2]] ρ
[[if e1 then e2 then e3]] ρ = [[e1]] ρu ([[e2]] ρt [[e3]] ρ)
[[λb.e]] ρ = λa.[[e]] (ρ+[b→ a])
[[C e1 . . .en]] ρ = [[e1]] ρt . . .t [[en]] ρ
[[e1 e2]] ρ = [[e1]] ρ [[e2]] ρ
[[let v1 = e1 . . .vn = en in e]] ρ = [[e]] ρ′

whereρ′ = fix f
f = λρ.ρ+[v1 → [[e1]] ρ, . . .vn → [[en]] ρ]

[[caseeof alt1 . . .altn]] ρ = au (a1t . . .tan)
wherea = [[e]] ρ

ai = [[alt i ]] ρ a
[[C b1 . . .bn → e]] ρ a = [[e]] (ρ+[b1 → a, . . .bn → a])
[[b→ e]] ρ a = [[e]] (ρ+[b→ a])

FIGURE 3. A str ictnessanalysisby abstract interpretation

Thebasic abstract values are⊥ and>, respectively representing strictness and
”don’t know” values, where⊥≤>. Operatorsu andt arerespectively thegreatest
lower boundand the least upper bound. In order to represent the strictnessof a
function in its diff erent arguments we use abstract functions over basic abstract
valuesa. For example λa1.λa2.a1ua2 represents that the function is strict in both
arguments, and λa1.λa2.a1 represents that it is strict in its first argument but that
wedo not know anything about the second one.

In Figure 3 we show the interpretation of each of the language expressions,
where ρ represents an abstract environment assigning abstract valuesto variables.
The environment ρ+[v→ av] either extends environment ρ if variablev had noas-
signed abstract value, or updatesthe abstract valueof v if it had. The interpretation
is standard so weonly give some details.

Primitivebinary operators, like+ or ∗, are strict in both arguments so weuseu
operator. The abstract value of a constructor application is obtained by collapsing
the abstract values of its components into a single basic abstract value. We use
t in this case so that ⊥ represents a completely undefined constructed value. The
reasonfor thisislazinessof the constructors. Thismeansfor example, that function
λx.x : [ ] is not considered strict in its first argument. Notice that by using t we
loseinformation about the components. In a case expression weneed to recover it
in order to give abstract valuesto the bound variablesof the alternatives. Only if
the abstract value of the discriminant is⊥ we can be sure that all the components
had⊥ as abstract value, otherwise ”wedon’t know”. So thevariablesbound bythe
case alternativesinherit the abstract value of the discriminant.

As we have used first-order abstract functions as abstract values, function ap-
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plication can be easily interpreted as abstract function application. To interpret a
let expression weneed a standard fixpoint calculation asit may be recursive.

4 IMPLEMENTAT ION USING TEMPLATE HASKELL

In this section we describe the implementation of the strictness analysis and the
corresponding let-to-casetransformation using Template Haskell .

Abstract values are represented using adata typeAbsVal:

data StrictAnnot = Bot | Top deriving (Show,Eq)
data AbsVal = B StrictAnnot | F [StrictAnnot]

| FB Int

Thebasic annotations areB Bot, to represent strictness, andB Top to repre-
sent the ”don’t know” value. The abstract value of a function with n arguments is
approximated througha signature of the form F [b1, b2, ..., bn] where
each bi indicateswhether the function is strict in the ith argument [12]. The spe-
cial FB n value is the abstract value of a completely undefined function with n
arguments, that is, thebottom of the functional abstract domain, which isuseful in
several places.

The analysis receives a closed expression written in Haskell that belongs to
the previously mentioned subset and an initial empty strictness environment, and
returns its abstract value. We want the analysis to happen at compile time, so we
need the mechanisms described in Section 2. The quasi-quotation notation allows
usto writeprograms asinput data for our analysisvery easily, wejust need to write
the program in Haskell and then lift it t o the monadic world. For example:

q :: ExpQ
q = [| \ x -> \ y -> 3 * x |]

The analysis is defined as atransformation from a Haskell expression to an
abstract value. Aswehave seen, the expression wereceivebelongs to themonadic
world, so such transformation will t ake placeinside it:

strict2 :: ExpQ -> Env -> ExpQ
strict2 eq rho = do {e <- eq ;

return (toExp(strict e rho))}

Function toExp :: AbsVal -> Exp just converts an abstract value into
an expression so that the result of the analysis also lives in the monadic world.
Functionstrict is the actual strictness analysisdefined bycasesover the syntax,
we just need to know the Exp data type definition (shown in Figure 1) and the
restrictions of our language (explained in the previous section).

Finally weuse$ in order to executestrict2 at compile time:

main = putStr (show $(strict2 q empty))

Hereempty represents the empty strictness environment.
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strict :: Exp -> Env -> AbsVal
strict (LitE l) rho = B Top
strict (InfixE (Just e1) e (Just e2)) rho =

inf (strict e1 rho) (strict e2 rho)
strict (VarE s) rho = getEnv s rho
strict (CondE e1 e2 e3) rho =

inf (strict e1 rho)
(sup (strict e2 rho) (strict e3 rho))

FIGURE 4. Implementation of thestr ictnessanalysis (I )

strict (LamE ((VarP s):[]) e) rho =
let B b = strictaux e (addEnv (s,B Bot) rho) in
case (strict e (addEnv (s,B Top) rho)) of

B b1 -> F (b:[])
F bs -> F (b:bs)

strictaux::Exp -> Env -> AbsVal
strictaux (LamE ((VarP s):[]) e) rho =

strictaux e (addEnv (s,B Top) rho)
strictaux e rho = strict e rho

FIGURE 5. Implementation of thestr ictnessanalysis (II )

Now we describe in more detail the definition of function strict, which
makesthe abstract interpretation. In Figure 4 we show the interpretation of con-
stants, primitive operators, variables and conditional expressions, as shown in the
previous section. There, inf calculates the greatest lower boundand sup the
least upper bound, andgetEnv gets from the environment the abstract value of a
variable.

In Figure 5 we show the interpretation of a lambda abstraction. Its value is a
signature F [b1, ..., bn], being n the number of arguments, obtained by
probing the function with several combination of arguments. The component bi
is obtained by applying the function to B Top in each argument position except
the ith one, where the function is applied to B Bot. For example, if the func-
tion has three arguments the probing is made with the following combinations
of arguments: (B Bot, B Top, B Top); (B Top, B Bot, B Top) and
(B Top, B Top, B Bot).

Wedo not know how many arguments the function has, so we start probing the
functionwith thefirst argument. First, wegiveit thevalueB Bot andthe auxili ary
function strictaux givesthe rest of the arguments the valueB Top. Then we
give it the value B Top and recursively probe with the rest of the arguments. In
such away weobtain all the combinations wewish.

In Figure6we show theinterpretation of both constructor andfunctionapplica-
tions. From thepoint of view of the language they arethe samekind of expression,
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strict (ConE cons) rho = B Top
strict (AppE (ConE cons) e) rho = strict e rho
strict (AppE e1 e2) rho =

if (isCon e1) then sup (strict e1 rho) (strict e2 rho)
else absapply (strict e1 rho) (strict e2 rho)

absapply::AbsVal -> AbsVal -> AbsVal
absapply (FB n) a
| n==1 = B Bot
| n > 1 = FB (n-1)

absapply (F xs) (B b) =
let h = head xs in
let tl = tail xs in
if (h == Top || b == Top) then
if isempty(tl) then (B Top)
else F tl
else
if isempty(tl) then B Bot
else (FB (length tl))

FIGURE 6. Implementation of thestr ictnessanalysis (III )

so weusefunctionisCon to distinguish them. If it i s a constructor application we
apply the least upper bound operator.

If it i s afunctionapplicationabsapply carriesout the abstract functionappli-
cation. The abstract valueFB n represents the completely undefined functionso it
returns B Bot when completely applied andFB (n-1) when there are remain-
ingarguments to be applied to. When a signatureF [b1, ..., bn] is applied
to an abstract valueB b weneed to know whether it is the last argument. If that is
the casewe can return abasic value, otherwisewehave to return afunctional value
F xs’ wherexs’ hasone element lessthan xs. The resulting abstract value de-
pends on both b1 and b. If b1 is Top the function is not necessarily strict in its
first argument, so independently of the value of b we can return B Top if it was
the last argument or continue applying the function to the rest of the arguments
by returning the rest of the list. The same happens if b is Top ashead xs was
obtanined by giving the first argument the value Bot: We have lost information
and the only thing we can say is ”we don’t know” and consequently either return
B Top or continue applying the function. If neither b1 nor b is Top then the
function is strict in itsfirst argument and that isundefined so we can return B Bot
independently of therest of the arguments. So, if there are arguments left wereturn
the completely undefined functionFB (n-1).

In Figure 7 we show the interpretation of a let expression. Auxili ary function
strictdecs carriesout the fixpoint calculation. The initial environment init
isbuilt by extending the environment with thenew variablesboundto an undefined
abstract value of the appropriate type. Function combines updatesthe environ-
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strict (LetE ds e) rho = strict e (strictdecs ds rho)

strictdecs:: [Dec] -> Env -> Env
strictdecs [] rho = rho
strictdecs ds rho =
let
(varns,es) = splitDecs ds
init = extendEnv rho varns
f = \ (rho’,cont) ->

let
aes = map (flip strict rho’) es
pairs = zipWith pair varns aes
in
(combines rho’ pairs)

fix g (env,b) =
if b then
( let (env’,b’) = g (env,b)

in (fix g (env’,b’)))
else env

in
fix f (init,True)

FIGURE 7. Implementation of thestr ictnessanalysis (IV)

strict (CaseE e ms) rho =
let se = strict e rho

l = caseaux ms se rho
in (inf se (suplist l))

caseaux :: [Match] -> AbsVal -> Env -> [AbsVal]
caseaux ms se rho = map (casealt se rho) ms

casealt :: AbsVal -> Env -> Match -> AbsVal
casealt abs rho m =
case m of
Match (ConP con ps) (NormalB e) []->
let rho’ = addEnvPat abs ps rho
in strict e rho’
Match (VarP x)(NormalB e)[] ->
let rho’ = addEnvPat abs ((VarP x):[]) rho
in strict e rho’

FIGURE 8. Auxili ary functions for case and let expressions
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ment with the new abstract values in each fixpoint step; it also returns aboolean
valueFalsewhen the environment doesnot change andconsequently thefixpoint
hasbeen reached.

Finally, in Figure 8 we show the interpretation of a case expression. Function
suplist calculatestheleast upper bound of the alternatives, andcasealt inter-
prets each of the alternatives. The variablesbound bythe case alternativesinherit
the abstract value of the discriminant, which isdone by functionaddEnvPat.

Noticethat there are several placeswhereit would havebeen useful to know the
type of an expression: When probing functions, when distinguishing function and
constructor applications and when building the init environment. This is even
more important if we want the analysis to be higher-order because the abstract
valuesused to probe afunction may be functional aswell .

The analysis returns F [Bot, Top], as expected, for the previous example
q, i.e. the function is strict in thefirst argument but not in the second one. Another
example with a case expression is the following one:

r = [| \ x -> \ z-> case 1:[] of [] -> x
y:ys -> x + z |]

Theresult isF [Bot, Top] as expected, telli ng us that the function is strict
in the first argument but maybe not in the second one, althoughwe know it is.
Noticethe lossof precision. This is becausethe analysis is static, but not because
of the implementation.

However, the use of signatures in the implementation implies aloss of pre-
cision with respect to the analysis shown in Section 3. For example, function
\ x -> \ y -> C x y has abstract value λa1.λa2.a1ta2 but the implemen-
tationwould assign it signatureF [Top, Top]which isundistinguishable from
abstract value λa1.λa2. >. Function \ x -> \ y -> 1 would have the same
signature.

Thelet-to-casetransformation hasbeen developed in a similar way, but herewe
haveused theQ monad in order to view theresult of the transformation. Otherwise
wewould just view theresult of the evaluation of the expression. Wehaveused the
functionrunQ of the monad to obtain a printable result:

main = do {e <- runQ (transf2 q empty);
putStr (show e)}

wheretransf2 is defined in a similar way to strict2.
The function making all the important work istransf. We show in Figure 9

only themost interesting case, the let expression. We are assuming that when there
are several definitions together in a let expression is becausethey are mutually re-
cursive. The desugarer usually partitions thesedefinitions into strongly connected
components, so we should be able to get benefit from it (seeSection 5).

So when the let expression defines afunction or is a set of recursive definitions
(told by function isRecorFun) we do not apply the transformation at top level
but we could apply it in the body of the let. In that casethe abstract valuesof the
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transf :: Exp -> Env -> Exp
transf (LetE ds e) rho =
if (isRecorFun ds) then
let (vs,es) = splitDecs ds

rho’ = foldr addEnvtop rho vs
te’ = transf e rho’

in LetE ds te’
else
case (head ds) of
ValD (VarP x) (NormalB e’) [] ->

let te’ = transf e’ rho
te = transf e (addEnv (x, B Top) rho)
ds’ = ValD (VarP x) (NormalB te’) []:[]
lambda = LamE ((VarP x):[]) te
F bs = strict lambda rho

in if (head bs) == Bot then
CaseE te’ [Match (VarP x) (NormalB te) []
else
LetE ds’ te

FIGURE 9. Transformation of a let expression

bound variables are irrelevant so we give them the top abstract value. This is done
by addEnvtop.

When there is only a non-recursive binding let x = e in e′ we build a lambda
abstraction λx.e′ and analyseit in order to seeif the body of the let is strict in the
bound variable. If that is the case, the transformation is done. At the same time
the right hand side of the binding and the bodymay also be transformed. Wehave
tried several exampleslike the following one:

[| let a = 1 in let b = 2 in a + b |]

It is transformed into:

CaseE (LitE (IntegerL 1))
[Match (VarP "a’1")
(NormalB (CaseE (LitE (IntegerL 2))
[Match (VarP "b’0")
(NormalB (InfixE (Just (VarE "a’1"))

(VarE "GHC.Num:+")
(Just (VarE "b’0")))) []])) []]

which represents the expression case1 of a→ case2 of b→ a+b.
In the following example it is possible to seethat the transformation may hap-

pen not only at the top level but also in any subexpression of the main expression:

[|\ x -> let a = 1 in a + x|]

is transformed into:
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LamE [VarP "x’0"]
(CaseE (LitE (IntegerL 1))
[Match (VarP "a’1")
(NormalB (InfixE (Just (VarE "a’1"))

(VarE "GHC.Num:+")
(Just (VarE "x’0")))) []])

which represents the expression λx.casea of 1→ a+x.

5 RELATED AND FUTURE WORK

TemplateHaskell i s avery recent extension of Haskell f or metaprogramming, cur-
rently implemented in GHC 6.0. In [16] the design of the extension and the facil-
itiesit offers are described in detail . Its functionality is obtained from the library
Language.Haskell.Syntax. Template Haskell hasrevealed as auseful tool
for diff erent purposes[6], like program transformations [7] or the definition of an
interface for Haskell with external li braries (http://www.haskell .org/greencard/).
Specially interesting is the implementation of a compiler for theparallel functional
language Eden [14] without modifying GHC.

We have presented the implementation of a strictness analysis and a subse-
quent let-to-casetransformation using Template Haskell . These are well-known
problems, which has allowed us to concentrate onthedifficulties and limitationsof
using Template Haskell f or our purposes. As far aswe know, this is the first time
that Template Haskell hasbeen used for developing a static analysis. The analysis
hasbeen done for a first-order subset of Haskell . This hasbeen relatively easy to
define. We just needed to know how to get inside and outside the monadic world
where the compile time computations take place, and then we can work by cases
over the syntax constructions forgetting about the monad. Theonly difficulty here
is the absenceof aproperly commented documentation about the library. Wehave
used version 0.6 of the library, but intend to benefit from later versions that could
help to improve thedesign of the analysis.

The analysis could be extended to higher-order programs using nested signa-
tures. Hehave not done this for the moment for two reasons. First, there are some
aspects of the tool that are not implemented yet and that would help to obtain an
elegant version of the higher-order analysis. When analysing higher order func-
tions, it is necessary to generate the appropriate signaturesin correspondencewith
their types. Althoughthere is atyping algorithm for Template Haskell , we are not
able to observe the type information kept in the abstract tree. We could of course
do our own typing algorithm but it would be of no help for other users if it i s not
integrated in the tool. This would be very useful also to do type-based analyses,
which weplan to investigate.

Second, analyses and transformations are usually done over a simplified lan-
guage where the syntactic sugar has disappeared (Core in GHC), so it does not
seem necessary to developan analysis for the full l anguage Haskell . Of coursethis
had sense if it were possible to control in which phaseof the compiler we want
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to accessthe abstract syntax tree, and for the moment this is not the casebut we
think it would be very useful. In particular, in Section 4 we have seen that we
could benefit from the dependency analysis done by the compiler. An analysis at
the very beginning of the compilation processis still useful when we want to give
information to the user about the results of the analysis, because in that casewe
want to reference the original variableswritten by him/her, which are usually lost
in further phasesof the compiler.
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