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Abstract

Metaprogramming consists of writing programs that generate or manipulate other
programs. Template Haskell i s a very recent extension o Haskell, currently imple-
mented in the Glasgow Haskell Compiler, giving suppat to metaprogramming at
compile time. Our aim is to apply these fadliti es in order to staticdly analyse pro-
grams and transform them at compil e time. In this paper we use Template Haskell to
implement an abstrad interpretation based strictnessanalysis and a let-to-case trans-
formation that uses the results of the analysis. This work shows the usefulness of
the tod in order to incorporate new analyses and transformations into the compil er
withou modifyingit.

1 INTRODUCTION

Metaprogramming consists of writing programs that generate or manipulate other
programs. Template Hakell [ 16] is avery recent extension o Haskell, currently
implemented in the Glagow Haskell Compiler [11] (GHC), giving suppat to
metaprogramming at compile time. Using such extension, a program written by
aprogrammer can beinspeded and/or modified at compil e time before procealing
with the reg of the compil ation process

Our aimisto apply thesemetaprogramming fadliti esin order to staticdly anal-
yseprograms and transform them at compile time. This will alow us on the one
hand to quickly implement new analysesdefined for functional languages and on
the other hand to incorporate these aaysesinto the compiler withou modifying
it.

In particular, languageslike Eden [5] can benefit from thesefadliti es Edenis
aparald extension o Hakell whose ompiler isimplemented onGHC[3]. Sev-
eral analyseshave been theoreticdly defined for this language [13, 10, 4] but they
have not been incorporated to the compil er because this invovesthe modificaion
of GHC, oncefor eat new analysis we oould define, which doesnat seen much
reamnable. Using Template Hakell any new analysis or transformation could be
proved eadly and incorporated to the compilation processwithou diredly modi-
fying the internals of the compil er.

*Work partialy suppated by the Spanish projedt TIN200407943C04.
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data Exp =

LitE Lit -- literal

VarE String -- variable

ConE String -- constructor

Lank [Pat] Exp -- lanmbda abstraction

AppE Exp Exp -- application

CondE Exp Exp Exp -- conditional

Let E [ Dec] Exp -- let expression

CaseE Exp [ Mat ch] -- case expression

I nfi xE (Maybe Exp) Exp (Maybe Exp) -- primtive op.
data Match =

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

VarP String -- variable

ConP String [Pat] -- constructor
dat a Body =

Normal B Exp -- just an expression
data Dec =

Val D Pat Body [ Dec] -- val ue

FunD String [C ause [Pat] Body Dec] -- function

FIGURE 1. Datatypesrepresenting Haskell syntax

In this paper we explore the posshiliti esof Template Hakell by implementing
an abstrad interpretation basel strictness aaysis and a let-to-casetransformation
that usesthe reallts of the analysis. These ae well-known and alrealy solved
problems, which all ows us to concentrate on the problems aising from the todl.

2 TEMPLATE HASKELL

Template Hakell is arecent extension o Hakell for compil e-time meta-progra-
mming. This extension all ows the programmer to obseve the gructure of the mde
of aprogram and either transform that code, generate new code fromit, or analyse
its properties In this setion we sammarizethe fadliti esoffered by the extension.

The aode of aHakedl expressonisrepresented by an algebraic datatype Exp,
and similarly are represented ead of the gyntatic caegoriesof aHaskell program,
like dedarations (Dec) or patterns (Pat ). In Figure 1 we show parts of the defini-
tions of thesedata types which we will uselater in Sedion 4

Once Template Haskell hasprocessd a Hakell program, its ébstrad syntax
treeis accefble and consaquently transformations end analyses ca eadly be de-
fined by casesver the g/ntax.
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A quadg-qudation mecdhanism allowing to represat templates i.e. Haskell
programs & compil etime, is avail able. Quas-quaations ae mnstructed by dadng
bracets, [ | and| ], aroundconcrete Haskell syntax fragments. This mechanism
isbuilt ontop o aquadation monad Q

i nstance Monad Q
runQ:: Qa ->10a

type ExpQ = Q Exp

Obvioudly, asQis amonad, the usual operators bi nd, r et ur nandf ai | are
avail able, aswell asthe do-natation. Writing[ | e| ] "lift s” the Haskell expresson
e of type Exp into the monadic world, getting the type ExpQ.

Code can dso bebuilt using some functions avail ableinthelibrary Language
. Haskel | . THSynt ax. For example, we can buld expresson[ |\ X -> X]| ]
aso bywritingl am [ pvar "x"] (var "x"),wherel am pvar andvar
are library functions that build, regedively, lambda abstradions, pattern variables
and expresson variables

Once the expresson "lives” in the monadic world, parts of it can be evalu-
ated at compile time by means of the glice natation $. This means compil e-
time evaluation when placal at top level or inside aquas-quaed expresson. The
reailt of the evauation is liced into the enclosing expresson. As an exam-
ple[| \ x -> $e |] evaluatese at compile time and the reault of the eval-
uation, a Hakell expresson e’ , is gliced into the lambda stradion gving
[\ x->e [].

There ae other feauresof Template Hakell we ae not using here; the inter-
eged reader may look at [16] for more detail s.

3 STRICTNESSANALY SISAND LET-TO-CASE TRAN SFORMATION

Lazy functional langueges like Hakell, use a cl-by-need parameter passng
medanism: A parameter is evaluated only if it i s used in the body d the func-
tion; onceit hasbeen evaluated to wea-head namal form, it is updated with the
new value  that subsequent accesse$o that parameter do nd evaluate it from
saatch. The implementation o this mechanism builds a dosure or suspension for
the adual argument, which is updated when evaluated. The sane happens with
a variable bound bya let expresson: A closure is built and it is evaluated and
subseguently updated when the main expresson demands its value.

The drictness aaysis[8, 1, 17, 2] deteds those parameters that will be evalu-
ated by the body d afunction. Inthat casethe dosure construction can be avoided
and its evaluation can be dore immediately. This means that cdl-by-nedl is re-
placel by cdl- by-value.

The sane analysis can be used to deted thosevariablesbound byalet expres
sion that will be evaluated by the main expresson o the let. Such variables ca
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e — ¢ { constant }

| v { variable }
|ejope { primitive operator }
| if e; then e, then e3 { condtiona }
| Ab.e { first-order lambda }
|Ce...e {constructor application }
e e { function application }
|letvi=¢e;...vp=¢e,ine {letexpresson }
| caseeof alt; ...alt, { case gpresson }

at — Chby...bp—e
|lb—e

FIGURE 2. A first-order subset of Haskell

be immediately evaluated, so that the let expresson can be transformed into a case
expresson withou modfying the expresson semantics [15]. This is known as
let-to-casetransformation:

let x=ein € = caseeof x — €

Strictness aaysis can be dore by using abstrad interpretation [9]. Thisted-
nique can be wnsidered as anon-standard semanticsin which the domain of values
isreplacal by adomain of valuesdesciptions, and where eat syntadic operator
is given anonstandard interpretation al owing to approximate & compil e time the
runtime behavior with regped to the property being studied. In [8] Mycroft gave
for thefirst time an abstrad interpretation basel strictness aalysis for afirst-order
functional languege. 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 descibed how to use sgnaturesin order to make abstrad interpretation more
efficient.

We dhow here an abstrad interpretation basel strictness aalysis for a first-
order functional language with data types In the next sedion we desaibe how
we have implemented it by using signaturesto represeant functions in an efficient
way. For technicd rea®ns, in Sedion 5we will explain why, the language being
anaysdl is afirst-order subsd of Haskell with data types whose gntax is shown
in Figure 2.

Noticethat for flexibility rea®ns we dlow lambda abstradions as &pressons,
but we redrict them to be first-order lambda estradions, i.e. the parameter is a
variable b that can orly be boundto abasc or an algebraic value. Asthe languege
is first-order the only placeswhere lambda abstradions ae dlowed are function
applications endright hand sidesof | et bindings. Function and constructor applica
tions must be sdurated. Let bindings may be reaursive. If welift ed the previously
mentioned regrictions we would have ahigher-order subse of Hakell.
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[c]l p
[V p ( V)
= 0pez]] =[ed prfe] p
[if e1 thene; thenes] p = [[e1]] pr([e2]] pU [[&3]) P)
[Ab.e] p=2Aa.[€] (p+[b—a])
[Cer...e p=[e] pU...U[en] p
[erelp=ed ple]p
[letvi=er...vp=enine] p=[€] p’

where p =fix f

f=Ap.p+[vi— [&] p,...vn — [&n] p]

[caseeof alt;...altp] p=al(ail...Ua,)

wherea= [[e]] p
a = [alti] p
[Cby...bn— €] pa=[e] (p+[b1—> a,...bn—a)
[b—elpa=[e] (p+[b— a])

FIGURE 3. A drictnessanalysisby abstract interpretation

The badc abstrad values ae 1 and T, regpedively represaiting strictness ad
"donit know” values where 1. < T. Operators and Ll areregedively the greded
lower boundand the leas upper bound In order to represeant the drictnessof a
function in its diff erent arguments we use dstrad functions over basc abstrad
valuesa. For example Aa;.Aap.a; May represaits that the functionis drict in bah
arguments, and Aap.Aap.a; represeants that it is drict in its first argument but that
we do nd know anything abou the seond ore.

In Figure 3 we show the interpretation o ead of the language expressons,
where p represeits an abstrad environment assgning abstrad valuesto variables
The environment p+ [v — av] either extends ewvironment p if variable v had noas
signed abstrad value, or updatesthe abstrad value of v if it had. The interpretation
is gandard so we only give ome detail s.

Primitive binary operators, like 4 or x, are drict in bah arguments 0 we user
operator. The abstrad value of a constructor application is obtained by coll apsing
the astrad values of its comporents into a sngle bagc aostrad vaue. We use
LI inthis case g that | represeaits a @mpletely undefined constructed value. The
rea®mnfor thisislaanessof the constructors. Thismeansfor example, that function
AX.X: [ ] isnot considered strict in its first argument. Notice that by using U we
loseinformation abou the comporents. In a case ¥presson we need to recover it
in order to give astrad valuesto the bound \ariables of the dternatives Only if
the abstrad value of the disaiminant is L we can be aure that all the comporents
had 1 as dstrad value, otherwise 'we dorit know”. So the variablesbound bythe
case Hernativesinherit the ebstrad value of the disaiminant.

As we have usdl first-order abstrad functions as &strad values function ap-
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plicaion can be eady interpreted as dstrad function applicaion. To interpret a
let expresson we nead a gandard fixpoint caculation asit may be reaursive.

4 |MPLEMENTATION USING TEMPLATE HASKELL

In this setion we descibe the implementation o the drictness aalysis and the

corregpondng let-to-casetransformation wsing Template Haskell.
Abstrad values ae represeanted using a datatype AbsVal :

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

Thebadc annaations aeB Bot , to represeat strictness andB Top to repre-
sent the "donit know” value. The astrad value of afunction with nargumentsis
approximated througha dgnature of theform F [ b1, b2, ..., bn] where
eat bi indicaeswhether the functionis grict in the ith argument [12]. The e-
cid FB n value is the abstrad value of a completely undefined function with n
arguments, that is, the bottom of the functional abstrad domain, which isuseul in

severa places

The analysis recaves a tosal expresson written in Haskell that belongs to
the previousy mentioned subse and an initial empty strictness avironment, and
returns its ebstrad value. We want the analysis to happen at compil e time, so we
need the mechanisms deseibed in Sedion 2 The quad-qudation ndation allows
usto write programs asinpu datafor our analysis very eadly, wejust need to write
the program in Haskell and then lift it t o the monadic world. For example:

q:: ExpQ
q=1[1\x->\y->3=xx][]

The analysis is defined as atransformation from a Haskell expresson to an
abstrad value. Aswe have se@, the expresson we receve belongs to the monadic
world, so such transformation will t ake placeinside it:

strict2 :: ExpQ -> Env -> ExpQ
strict2 eq rho = do {e <- eq ;
return (toExp(strict e rho))}

Functiont oExp :: AbsVal -> Exp just converts an abstrad value into
an expresson so that the reault of the analysis dso livesin the monadic world.
Functionst ri ct isthe atua strictness aalysis defined by casesver the g/ntax,
we just nead to know the Exp data type definition (shown in Figure 1) and the

redrictions of our language (explained in the previous setion).
Finally we use$ in order to exeaute st ri ct 2 at compile time:

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

Here enpt y represants the enpty strictness avironment.
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strict :: Exp -> Env -> AbsVal
strict (LitEIl) rho = B Top
strict (InfixE (Just el) e (Just e2)) rho =
inf (strict el rho) (strict e2 rho)
strict (VarE s) rho = getEnv s rho
strict (CondE el e2 e3) rho =
inf (strict el rho)
(sup (strict e2 rho) (strict e3 rho))

FIGURE 4. Implementation of the strictnessanalysis(l)

strict (LanE ((VarP s):[]) e) rho =
let Bb = strictaux e (addEnv (s,B Bot) rho) in
case (strict e (addeEnv (s,B Top) rho)) of
B bl ->F (b:]])
F bs -> F (b: bs)

strictaux::Exp -> Env -> AbsVal

strictaux (LankE ((VarP s):[]) e) rho =
strictaux e (addEnv (s, B Top) rho)

strictaux e rho = strict e rho

FIGURE 5. Implementation of the strictnessanalysis(ll)

Now we descaibe in more detail the definition o function stri ct, which
makesthe abstrad interpretation. In Figure 4 we show the interpretation o cor-
stants, primitive operators, variables and condtional expressons, as iown in the
previous setion. There, i nf cdculates the greded lower boundand sup the
leas upper bound and get Env gets from the ewvironment the abstrad value of a
variable.

In Figure 5 we show the interpretation o alambda astradion. Itsvalueis a
signature F [ b1, ..., bn], being n the number of arguments, obtained by
probing the function with several combination d arguments. The comporent bi
is obtained by applying the functionto B Top in ead argument position except
the ith ore, where the function is gplied to B Bot . For example, if the func-
tion hasthree aguments the prohing 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).

We do na know how many arguments the function has so we dart probing the
functionwith thefirst argument. First, wegiveitthevalueB Bot andthe auxiliary
functionstri ct aux givesthe reg of the aguments the vdlue B Top. Then we
giveit the value B Top and reaursively probe with the reg of the aguments. In
such away we obtain all the combinations we wish.

In Figure 6 we show theinterpretation o both constructor and function applica
tions. From the paint of view of the languege they are the same kind o expresson,
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strict (ConE cons) rho = B Top

strict (AppE (ConE cons) e) rho = strict e rho

strict (AppE el e2) rho =
if (isCon el) then sup (strict el rho) (strict e2 rho)
el se absapply (strict el rho) (strict e2 rho)

absappl y: : AbsVal -> AbsVal -> AbsVa
absapply (FB n) a
| n==1 = B Bot
| n>1=FB (n-1)
absapply (F xs) (B b) =
let h = head xs in
let tI =tail xs in
if (h==Top || b == Top) then
if isenpty(tl) then (B Top)
else Ft
el se
if isenpty(tl) then B Bot
else (FB (length tl))

FIGURE 6. Implementation of the strictnessanalysis(lll )

so we usefunctioni sCon to distinguish them. Ifiti s a onstructor application we
apply the leas upper bound ogrator.

Ifiti s afunctionapplicaionabsappl y cariesout the ebstraa function appli-
cdion. The éstrad value FB n represeats the completely undefined function so it
returns B Bot when completely applied and FB ( n- 1) when there ae remain-
ing arguments to be gplied to. Whena sgnatureF [ b1, ..., bn] isgplied
to an abstrad value B b we need to knawv whether it isthe lag argument. If that is
the casave can return abasdc value, otherwisewe have to return afunctional value
F xs’ wherexs’ hasone dement lessthan xs. The reaulting abstrad value de-
pends on bah bl andb. If b1 is Top the functionis not necessaly gtrict in its
first argument, so independently of the value of b we can return B Top if it was
the lag argument or cortinue goplying the function to the red of the aguments
by returning the red of the list. The sane happensif b is Top ashead xs was
obtanined by gving the first argument the value Bot : We have lost information
and the only thing we can sa& is "we dorit know” and consequently either return
B Top or continue aplying the function. If neither b1 nor b is Top then the
functionis grict initsfirst argument and that is undefined so we can return B Bot
independently of the red of the aguments. So, if there ae aguments left wereturn
the completely undefined function FB (n- 1) .

In Figure 7 we show the interpretation o alet expresson. Auxiliary function
strictdecs cariesout the fixpoint cdculation. Theinitial environment i ni t
isbuilt by extending the environment with the new variablesboundto an undefined
abstrad value of the gpropriate type. Function conbi nes updatesthe eviror-

436



strict (LetE ds e) rho = strict e (strictdecs ds rho)

strictdecs:: [Dec] -> Env -> Env
strictdecs [] rho = rho
strictdecs ds rho =
| et
(varns,es) = splitDecs ds
init = extendEnv rho varns
f =\ (rho,cont) ->
| et
aes = map (flip strict rho’) es
pairs = zipWth pair varns aes
in
(combi nes rho’ pairs)
fix g (env,b) =
if b then
( let (env',b’) =g (env,h)
in (fix g (env',b)))
el se env
in
fix f (init,True)

FIGURE 7. Implementation of the strictnessanalysis (V)

strict (CaseE e ns) rho =
let se = strict e rho
| = caseaux ns se rho
in (inf se (suplist 1))

caseaux :: [Match] -> AbsVal -> Env -> [AbsVal]
caseaux ns se rho = map (casealt se rho) ns
casealt :: AbsVal -> Env -> Match -> AbsVa
casealt abs rho m=

case m of

Mat ch (ConP con ps) (NornalB e) []->

l et rho’ = addEnvPat abs ps rho

in strict e rho

Match (VarP x)(Normal B e)[] ->

Il et rho’ = addEnvPat abs ((VarP x):[]) rho
in strict e rho

FIGURE 8. Auxiliary functionsfor case and let expressons
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ment with the new abstrad valuesin ead fixpoint step; it also returns abodean
value Fal se when the environment doesnat change and conseguently the fixpaint
hasbeen reated.

Finally, in Figure 8 we show the interpretation o a case epresson. Function
supl i st cdculatestheleas upper bound dthe dternatives andcaseal t inter-
prets eat of the dternatives The variablesbound bythe case kernativesinherit
the dbstrad vaue of the disaiminant, which is dore by functionaddEnvPat .

Noticethat there ae several placeswhere it would have been usdul to knaw the
type of an expresson. When probing functions, when distinguishing function and
constructor applicaions and when building thei ni t environment. Thisis even
more important if we want the analysis to be higher-order becaise the abstrad

valuesusdal to probe afunction may be functional aswell.

The analysisreturns F [ Bot, Top] , as &peded, for the previous example
g, i.e. thefunctionis drict in the first argument but not in the seond ore. Ancther
example with a case xpresson is the following ore:

r =[] \ x->\ z->case 1:[] of [] -> X
yiys ->x + z |]

ThereaultisF [ Bot, Top] as epeded, telling wsthat the functionis drict
in the first argument but maybe nat in the seond ore, athoughwe know it is.
Notice the lossof predsion. Thisis becaisethe analysisis datic, but not becaise
of the implementation.

However, the use of signaturesin the implementation implies aloss of pre-
cision with reged to the analysis shown in Sedion 3 For example, function
\' X ->\ y -> C x y has dstrad value Aa;.Aay.a; Ll ap but the implemen-
tationwould assgnit signature F [ Top, Top] whichisundstinguishable from
abstrad value Aa;.Aa,. T. Function\ x -> \ y -> 1 would have the sane
signature.

Thelet-to-casetransformation hasbeen developed in a smil ar way, but herewe
have used the Qmonad in order to view the reaullt of the transformation. Otherwise
wewould just view the reault of the evaluation o the expresson. We have used the
functionr unQof the monad to oktain a printable reault:

main = do {e <- runQ (transf2 q enpty);
put Str (show e)}

wheret r ansf 2 isdefined ina smilar way tost ri ct 2.

The function making all the important work ist r ansf . We show in Figure 9
only the most intereging case the let expresson. We ae assming that when there
are several definitions together in alet expresson is becaisethey are mutualy re-
cursive. The desugarer usualy partiti ons thesedefinitions into strondy conreded
comporents, so we doud be aleto get benefit from it (seeSedion 5).

So when the let expresson defines afunction o is a séof reaursive definitions
(told by functioni sRecor Fun) we do nd apply the transformation at top level
but we could apply it in the body d the let. In that casethe astrad 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’
el se
case (head ds) of
Val D (VarP x) (NormalB e') [] ->
let te' = transf e rho
te = transf e (addeEnv (x, B Top) rho)
ds’ = ValD (VarP x) (NornmalB te') []:]]
| anbda = LanE ((VarP x):[]) te
F bs = strict |anbda rho
inif (head bs) == Bot then
CaseE te’ [Match (VarP x) (Normal B te) []
el se
LetE ds’ te

FIGURE 9. Transformation of a let expresson

bound \ariables ae irrelevant so we give them the top abstrad value. Thisisdone
by addEnvt op.

When there is only a nonreaursive binding let x=ein € we build alambda
abstradion Ax.€¢ and analyseit in order to seeif the body d the let is grict in the
bound ariable. If that isthe casethe transformation is dore. At the sane time
the right hand side of the binding and the body may aso be transformed. We have
tried several exampleslike the following ore:

[| let a=1inlet b=2ina+b]|]
It istransformed into:

CaseE (LitE (IntegerL 1))

[Match (VarP "a' 1")

(Normal B (CaseE (LitE (I ntegerL 2))

[ Match (VarP "b’ 0")

(Normal B (InfixE (Just (VarE "a' 1"))
(VarE "GHC. Num +")

(Just (Vark "b'0")))) [11)) []]

which represants the expresson casel of a— case2 of b — a+h.
In the following example it is possble to seethat the transformation may hap-
pen na only at the top level but also in any subexpres$on d the main expresson:

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

istransformed into:
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Lant [VarP "x’ 0"]
(CaseE (LitE (IntegerL 1))
[Match (VarP "a' 1")
(Normal B (InfixE (Just (VarE "a'1"))
(VarE " GHC. Num +")
(Just (Vark "x'0")))) [1])

which represants the expresson Ax.casea of 1 — a+ x.

5 RELATED AND FUTURE WORK

Template Hakell i s avery recent extension o Haskell f or metaprogramming, cur-
rently implemented in GHC 6.0. In [16] the desgn o the extension and the fadl-
itiesit offers ae descibed in detail. Its functiondlity is obtained from the library
Language. Haskel | . Synt ax. Template Haskell hasreveded as ausdul toad
for diff erent purposes[6], like program transformations [ 7] or the definition o an
interface for Haskell with external li braries (http://www.haell .org/greencard/).
Spedaly intereding isthe implementation o a compil er for the parall el functional
languege Eden [14] withou modifying GHC.

We have preseaited the implementation o a drictness aaysis and a ubse
guent let-to-casetransformation wsing Template Haskell. These ae well-known
problems, which has dl owed usto concentrate on the difficulties and limitations of
using Template Haskell for our purposes As far aswe know, thisis the first time
that Template Haskell hasbeen usal for developing a datic analysis. The analysis
hasbeen dore for afirst-order subsd of Haskell. This hasbeen relatively eay to
define. We just needed to know how to get inside and ouside the monadic world
where the compil e time computations take place and then we can work by cases
over the g/ntax constructions forgetting abou the monad. The only difficulty here
isthe ésence of a properly commented documentation abou the library. We have
usal version 0.6 of the library, but intend to benefit from later versions that could
help to improve the desgn o the analysis.

The analysis auld be extended to higher-order programs using neded signa
tures He have not dore this for the moment for two rea®ns. First, there ae ssme
ageds of the tod that are nat implemented yet and that would help to oktain an
elegant version o the higher-order analysis. When analysing higher order func-
tions, it is necessgy to generate the gopropriate sgnaturesin corregpondence with
their types Althoughthere is atyping algorithm for Template Hakell, we ae not
able to obseave the type information kept in the astrad tree We ocould of course
do ou own typing agorithm but it would be of no help for other usasif it i s naot
integrated in the tod. This would be very usdul also to dotype-basel analyses
which we plan to invedigate.

Sewnd, anayses ad transformations ae usually dore over a smplified lan-
guage where the g/ntadic sugar has disgopeaed (Core in GHC), so it does nat
sean necessgy to develop an analysis for the full | anguage Haskell. Of coursethis
had senseif it were possble to control in which phaseof the compiler we want
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to accesghe astrad syntax tree and for the moment this is nat the casebut we
think it would be very useful. In particular, in Sedion 4 we have sea that we
could benefit from the dependency analysis dore by the compiler. An analysis &
the very beginning o the compilation processis gill useful when we want to give
information to the use abou the reallts of the analysis, becaisein that casewe
want to reference the origina variableswritten by im/her, which are usualy lost
in further phasesof the compil er.
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