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Abstract

We demonstrate tiny, yet non-trivial evaluatorthatis powerful
enoughto runpracticalcode,includingitself. Thisis madepossible
using a HigherOrder AbstractSyntax (HOAS) representatior—
a techniguethat has becomepopularin syntax-relatedresearch
duringthe pastdecadeWith a HOAS encodingwe usefunctions
to encodebindersin syntaxvalues,leadingto an advantagesof
re ecting bindersratherthanre-implementinghem.

In Schemehygienicmacroscover problemsthatareassociated
with bindersin an elegantway, but only whenextendingthe lan-
guagej.e.,whenwe work atthemeta-level. In contrastHOAS is a
usefulobject-level techniqueusedwhenwe needto representsyn-
tax valuesthat containbindings— andthis is achiezed in a way
thatis simple,robust,andef cient. We graduallydevelopthecode,
explaining the techniqueand its bene ts, while playing with the
evaluator

1. Intr oduction

HigherOrder Abstract Syntax (HOAS) is a techniquefor repre-
sentingsyntaxwith bindingsusingfunctions.Thisis a form of re-
ection in thesensahatbindersin the objectlevel arerepresented
usingbindersin themetalevel. Theresultis simple(no needfor so-
phisticatedsubstitutionmechanismsy,obust (the meta-level is our
language which betterimplementscopecorrectly), and ef cient
(asit is partof the coreimplementation).

HOAS hasbeenin usefor awhile now [13], agoodoverview is
givenby Hofmann[9], andin [1, Section4.7]. However, it is more
popularin the strictly typed world thanit is in Schemeln part,
this maybedueto Schemes hygienicmacrofacility, which allows
hooking new kinds of syntacticconstructsnto the languagen a
way that respectdexical scope.Using a high level macrosystem
meansthat Schemergarely needto represensyntaxdirectly —
insteadthey work atthe meta-level, extendingthe languagetself.
Thisis unfortunateasHOAS canbeausefultool for syntax-related
work. Furthermore,it is possibleto formalize HOAS in a way
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thatis more naturalin a dynamically-typedanguagehanit is in
statically-typedones which correspondso a HOAS formalization
in Nuprl [3] thatbuilds on the predicatve natureof its typetheory
[2,1,12].

The purposeof this Schemepearlis to demonstratéhe useof
HOAS in Schemewith the goal of making this techniquemore
accessibléo Schemefs As demonstratetbelow, usingmacrosin
Schemédacilitatesthe useof HOAS, asthereis no needfor anex-
ternaltool for translatingconcretesyntaxinto HOAS representa-
tions. In itself, HOAS is a representatiotool for object-level val-
ues,notfor meta-lerel work wherebindingsaredirectly accessible
in someway. It is, however, usedin somemeta-linguisticsystems
for implementingsyntactictool$). For example,it couldbeusedas
theunderlyingtermrepresentatiom alanguage-manipulatingol
like PLT's ReductionSemantic§11].

2. A Toy Evaluator

The presentatiorbegins with a simple evaluator Our goal is to
evaluatea Lambda-Calculus-liglanguagausingreductionssowe
needarepresentatiofor lambda abstractiongndapplicationsTo
male this examplemore practical,we alsothrow in a conditional
if specialform, make it handlemultiple agumentsandusecall-
by-value.A commonevaluatorsketchfor suchalanguages™:

(define (ev expr)
(cond [(not (pair? expr)) expr]

[(eq? ’if (car expr))

(ev (if (ev (cadr expr)) (caddr expr) (cadddr expr)))]

[else (ev (let ([f (ev (car expr))])

(substitute (body-of f)

(args-of f)
(map ev (cdr expr)))))]))

wherean applicationis alwaysassumedo have an abstractionn

its headposition,andtheargs-of andbody-of functionspull out
thecorrespondingarts.As expectedthe mainissuehereis imple-
mentinga proper substitutionfunction. Commonapproachesn-

cludeusingsymbolsandrenamingwhenneededpr usingsymbols
“enriched'with lexical bindinginformation("colors').

! The presentation is loosely based on a comp.lang.scheme post from Octo-
ber 2002.

21t might be possible that HOAS can be used for implementing a low-
level macro facility that the high-level hygienic macro system builds on.
HOAS should not be confused with current low-level syntactic systems like
syntactic closures or syntax-case.

3 Note that details like error checking are omitted, and that we use atomic
Scheme values such as booleans and numbers to represent themselves.



On the other hand,we can usea higherorder abstractsyntax
representatioffior our languagewhich will make thingseasierto
handlethanraw S-expressionsfor this,werepresenanabstraction
usinga Schemdunction,andboundoccurrencearerepresenteds
boundoccurrencei the Schemecode.For example,

(lambda (x y) (if x x y))
is representetly
(lambda (x y) (list ’if x x y))
— andsubstitutionis freeasit is achieved by applyingthe Stheme
function.

3. CreatingHOAS Representations

Giventhatour representatioof 1ambda abstractionsisesScheme
lambda expressionswe needsomefacility to createsuchrepresen-
tation while avoiding the possibleconfusionwhen using lambda
for differentpurposesThecommonapproacHor creatingsuchrep-
resentationss to usea preprocessathattranslatesoncretesyntax
into a HOAS value.In Schemethis is easilyachieved by a macro
thattransformsts bodyto the correspondingepresentation:

;3 Translatesimpletermsinto a HOASrepresentation
;3 valueswhich are:

;; Term = atom ; literals

53 | (list ’if Term Term Term) ; conditionals
HH | (Term ... -> Term) ; abstrctions
HH | (list Term ...) ; applications

(define-syntax Q
(syntax-rules (lambda if)
[(Q (lambda args b)) (lambda args (Q b))]
[(@Q (if x y 2)) (list ’if (@ x) (@Q y) (Q z))]
[@Q ¢ x ...)) (1ist (@ £) @ x) ...)]
[@ = x1))

A few interactionexamplescan help clarify the natureof these
values:

> @

1

> (@ (+12)
(#<primitive:+> 1 2)

> (Q (if 1 2 3))

(if 12 3)

> (Q (lambda (x) (+ x 1)))
#<procedure>

Thelastoneis important— the lambda expressionis represented
by a Schemeprocedurewhich, whenapplied,returnsthe resultof
substitutingvaluesfor boundidenti ers:

applicationexpressionis thereforea piece of (post-substitution)
syntaxthatrequiresfurtherevaluation.

In addition, this is a simple substitution-baseavaluator —
no ervironments,identi er lookups,or mutation. Schemevalues
are usedas self-evaluating literals (someachieved by a Scheme
identi er reference)includingSchemeprocedureshatareexposed
as primitive values.Speci cally, the last cond clauseis usedfor
both primitive function applicationsand betareductions— this
leadsto certainlimitationsandpossibleerrors,soit is x edbelow.

It is easyto confusethe currentrepresentatiomsa trick; after
all, we represenabstractionsisingSchemeabstractionsandbeta-
reduceusingSchemeapplications— sounddik e we endup with a
simplemeta-circulaiISchemesvaluatorthatinherits Schemes fea-
tures.This is notthe case however: Schemeapplicationsachiees
nothingmorethansubstitution.To demonstratehis, the evaluator
caneasilybe changedo usea lazy evaluationregimenif it avoids
evaluating abstractionarguments.This requiresa distinction be-
tweenstrictandnon-strictpositions.For simplicity, we only distin-
guishprimitive functions(all agumentsarestrict) andabstractions
(no argumentsare strict) usingMzSchemes primitived? predi-
cate:

;3 evk : Term -> Val
;; evaluateaninputterminto a Shemevalue,lazyversion
(define (ev* expr)
(cond [(not (pair? expr)) expr]
[(eq? ’if (car expr))
(evx ((if (ev* (cadr expr)) caddr cadddr) expr))]
[else (ev (let ([f (ev* (car expr))])
(apply f (if (primitive? f)
(map ev* (cdr expr))

(cdr expr)))))1))

And theresultis alazy languagewherewe canevenusethe call-
by-name xpoint combinator:

> (ev (Q ((lambda (x y z) (if x y 2))
#t (display "true\n") (display "false\n"))))
true
false
> (evx (Q ((lambda (x y z) (if x y 2))
#t (display "true\n") (display "false\n"))))
true
> (ev* (Q (((lambda (f)
((lambda (x) (f (x x)))
(lambda (x) (f (x x)))))
(lambda (fact)
(lambda (n)
(if (zero? n) 1 (* n (fact (- n 1)))))))
5)))
120

> (define foo (Q (lambda (x) (+ x 1))))
> (foo 2)
(#<primitive:+> 2 1)

Using the representationthatthe “quoting' macroQ createsa
completesubstitution-basedvaluatoris easilywritten:

;; ev : Term -> Val

;; evaluateaninputterminto a Sdhemevalue

(define (ev expr)

(cond [(not (pair? expr)) expr]
[(eq? ’if (car expr))
(ev (if (ev (cadr expr)) (caddr expr) (cadddr expr)))]
[else (ev (apply (ev (car expr))
(map ev (cdr expr))))1))

Note that the underlinedapply expressioninvokes the Scheme
procedurewhich performsthe substitutionthat is neededfor the
beta-reductionit is a ‘"Term! Term' function. The resultof this

4. Advantagesof the HOAS Representation

At this point we canseethe advantagef the HOAS representa-
tion. Theseareall dueto thefactthatthe Schemebindingmecha-
nismis re ectedratherthanre-implemented

Freesubstitution: since we use Schemefunctions, the Scheme
implementationprovides us with free substitution— we get
a substitutingevaluator without the hassleof implementing
substitution.

Robust: dealingwith the subtletiesof identi er scope(substitu-

tion, alpharenaming etc)is usuallyan errorproneyet critical
elementin codethat dealswith syntax.In our evaluator we

4 A predicate that identifies primitive built-in procedures.



neednot worry abouttheseissuessinceit re ects the mecha-
nismthatalreadyexistsin theimplementatiorwe use.

Ef cient: the representatiodendsitself to efcient substitution
for two reasonsFirst, function calls are an essentialpart of
functionallanguageshat mustbe very ef cient; a featurethat
our substitutioninherits.Secondif we incrementallysubstitute
somesyntaxvaluewith multiple bindinglevels,thenthe substi-
tutionsarenot carriedoutimmediatelybut pushedo substitu-
tion cachecontexts (=ervironments) which arethe implemen-
tation's ef cient representationf closures.

Goodintegration: representingconcretesyntaxwith SchemeS-
expressiongs superiorto the at string representationthatis
foundin otherlanguagedecauséehe structureof the syntaxis
re ectedin syntaxvalueg(valuesare“pre-parsedintotrees)in
a similar way, HOAS addsyet anotherdimensionto the repre-
sentation— scopes aninherentpartof representationdexical
scopesarealreadyidenti ed andturnedto closures)We there-
fore enjoy all functionalitythatis relatedto scopen ourimple-
mentation.For example,the unboundidenti ers arecaughtby
theimplementationanalysistools suchasDrSchemes “Check
Syntax”[6] work for bindingsin therepresentatiormacroscan
beusedetc.

Theseadwantageshowever, do not comewithouta price.More
onthis below.

5. Improving the Code

So far, the evaluatoris simple, but the codeis someavhat messy:
lambda abstractionsand primitive proceduresare con ated, lists
areusedbothasvaluesandassyntaxrepresentationgurthermore,
the evaluatoris not ascompleteasit need<o beto hostitself. We
begin by improving the code,andin the following sectionwe will
extendit soit canrunitself.

We begin by introducinga new typefor our syntaxobjects,and
usethis type to createtaggedvaluesfor lambdaabstractionand
applications:

;3 Atypefor syntaxrepresentatiorvalues

;3 Term = atom ; literals

B | (term ’if Term Term Term) ; conditionals
A | (term ’lam (Term ... -> Term)) ; abstactions
HH | (term ’app Term ...) ; applications

(define-struct term (tag exprs) #f)
(define (term tag . args) (make-term tag args))

;3 Translatesimpletermsinto a HOASrepresentation
(define-syntax Q
(syntax-rules (lambda if)
[(Q (lambda args b)) (term ’lam (lambda args (Q b)))]
[@Q (Gf xy 2)) (term ’if (@ x) (Q y) (Q 2))]
[@Q £ x ... (term ’app (Q £) (Q x) ...)]
[Q x) x1))

ev is thenadaptedo processraluesof this type.

;5 ev : Term -> Val
;; evaluateaninputterminto a Sdhemevalue
(define (ev expr)
(if (term? expr)
(let ([subs (term-exprs expr)l)
(case (term-tag expr)
[(1am) expr]
[(if) (ev ((if (ev (car subs)) cadr caddr) subs))]
[(app) (let ([f (ev (car subs))]
[args (map ev (cdr subs))])
(cond [(and (term? f) (eq? ’lam (term-tag £)))
(ev (apply (car (term-exprs f)) args))]

[(procedure? f)
(apply f args)]
[else (error ’ev "bad procedure")]))]
[else (error ’ev "bad tag")]))
expr))

We cannow testthis evaluationprocedure:

> (ev (Q (lambda (x) (+ x 1))))
#3(struct:term lam (#<procedure>))
> (ev (Q ((lambda (x) (+ x 1)) 2)))

(define plusl (Q (lambda (x) (+ x 1))))
(ev (Q (plusl 2)))

W Vv Vv w

As the previous version,this evaluatordoesnot maintainits own

ernvironment,insteadjt useshe Schemeervironment(in coopera-
tion with thequotationmacrothatleavesbindingsuntouched)This

is usedasa de nition mechanisnthatis demonstratedh the last
example— but we have to be carefulto usesuchvaluesonly in

a syntax-representatiocontext. Becausethe representatiotis us-
ing Schemeclosureswe canuserecursve Schemede nitions to

achieve recursionin ourinterpretedanguage:

> (define fact
(Q (lambda (n)
(if (zero? n) 1 (* n (fact (- n 1)))))))
> (ev (Q (fact 30)))
265252859812191058636308480000000

Again, makingthis evaluatorlazyis easywe only needto avoid
evaluatingthe argumentson betareductions.In fact, we can go
further and “compile' 1ambda expressionsnto Schemeclosures
thatwill do thereductionanduseev* to continueevaluatingthe
result. To dealwith strict primitivesproperly we evaluatethemto
awrapperfunctionthatevaluatests inputsl:

;5 evk @ Term -> Val
;; evaluateaninputterminto a Shhemevalue,
;5 thisversionis lazy,and compiles'closuesto Shemeprocedues
(define (ev* expr)
(cond
[(term? expr)
(let ([subs (term-exprs expr)])
(case (term-tag expr)
[(lam) (lambda args (ev* (apply (car subs) args)))]
[(if) (ev* ((if (ev* (car subs)) cadr caddr) subs))]
[(app) (apply (ev* (car subs)) (cdr subs))]
[else (error ’ev "bad tag")]))]
[(primitive? expr)
(lambda args (apply expr (map ev* args)))]
[else exprl))

On rst look, this changeseemsa bit dangerous— not only is a
lambda expressionrepresenteds a Schemeclosure,evaluating
it returnsa Schemeclosure.In fact, this approachworks as the
typesdemonstratethe functionthatis partof the representatiors
‘Term! Term', whereagshe ‘compiled' closureis a "Term! Val'

function. Note alsothat Schemeprimitivesactasprimitivesof the
interpretedanguagg('vVal! Val'), andthe evaluatorwrapsthem
asa Term! Val' functionthatallows uniform treatmentof both
casesn applications.

Hereareafew examplego compareawith thepreviousevaluator:

3 Ideally, any procedure that is not the result of evaluating a 1ambda expres-
sion should be wrapped. In MzScheme it is possible to tag some closures
using applicable structs, but in this paper the code is kept short.



> (evx (Q (lambda (x) (+ x 1))))
#<procedure>
> (evx (Q ((lambda (x) (+ x 1)) 2)))

3
> (evx (Q ((lambda (x y) (+ x 1)) 2 (/ 2 0))))
3

> ((ev* (Q (lambda (x) (+ x 1))))

Q 2))

3

In the last example,the "Term! Val' procedurehatis the result
of evaluatingthe rst partis directly appliedon (Q 2) (asyntax)
which is essentiallyhow the outermostapplicationof the second
exampleis handledThis applicationjumpsbackinto the evaluator
andcontinueghe computation.

Using the Schemetoplevel for de nitions, we cande ne and
usealazy xpoint combinator:

> (define Y
(ev* (Q (lambda (f)
((lambda (x) (£ (x x)))
(lambda (x) (£ (x x))))))))
> (define factO
(ev* (Q (lambda (fact)
(lambda (n)
(if (zero? n) 1 (*x n (fact (- n 1)))))))))
> (evk (Q (Y fact0)))
#<procedure>> (evx (Q ((Y fact0) 30)))
265252859812191058636308480000000

Finally, asaninterestingoy-productof this namespacsharingwe
can even usethe call-by-name xpoint combinatorwith Scheme
code,aslong aswe useev#* to translatehefunctioninto a Scheme
function:

> ((Y (lambda (fact)
(lambda (n)
(let ([fact (ev* fact)])
(if (zero? n) 1 (* n (fact (- n 1))))))))
30)
265252859812191058636308480000000

6. Making ev Self-Hosting

In preparationfor making our evaluatorself-hosting,we needto
dealwith representationgf all formsthatareusedin its de nition.
Again, to male thingssimple,we avoid addingnew coreforms—
instead,we translatethe variousforms to onesthat the evaluator
alreadyknows how to dealwith. We will use’nestedinstantiations
of our evaluator which will requirenesteduseof the Q quotation
form — this is a minor complicationthat could be solved using
macro-CPg8, 10], but in MzScheme[7] it is easierto write a
syntax-case-basedmacro,which usesa simpleloop for nested
occurrencesf Q. Thenew (and nal) de nition is in Figurel] On
rst look it seemscomple, but it is merelytranslatingadditional
formsinto known ones,andpropagtesthe transformatiorinto the
delay specialform (whichwill beneededshortly).

Thelazy evaluatoris slightly modi ed: call-by-names too slow
to be usablewhennestingmultiple evaluators so we changeit to
usecall-by-neednstead For this, we malke it createev* promises
for function aguments,and automaticallyforce promisevalues
so they are equivalentto plain values.We also needto treatthe
term constructorasa primitive (otherwiseit will containpromises
insteadof values).Thede nition follows.

;5 evk @ Term -> Val
;3 evaluateaninputterminto a Sdhemevalue,usescall-by-need

(define (ev* expr)
(cond
[(term? expr)
(let ([subs (term-exprs expr)])
(case (term-tag expr)
[(lam) (lambda args
(evx (apply (car subs)
(map (lambda (a) (delay (evx a)))
args))))]
[(if) (evx ((if (ev* (car subs)) cadr caddr) subs))]
[(app) (apply (ev* (car subs)) (cdr subs))]
[else (error ’ev "bad tag")]))]
[(promise? expr) (ev* (force expr))]
[(primitive*? expr)
(lambda args (apply expr (map ev* args)))]
[else expr]l))

(define (primitivex? x)
(or (primitive? x) (eq? x term)))

And with thischangewe are nally readyto runtheevaluatorcode
in itself.

7. Bootstrapping the Evaluator

First, we usethe strict evaluatorto evaluatea nestedcopy of itself.
In this de nition, ev is the sameasthe strict versionabove, andits
codeis usedwith no change.

(define evl
(evx (Q (Y (lambda (ev)
(lambda (expr)
(cond
[(term? expr)
(let ([subs (term-exprs expr)])
(case (term-tag expr)
[(lam) (lambda args
(ev (apply (car subs) args)))]
[(if) (ev ((if (ev (car subs))
cadr caddr)
subs))]
[(app) (apply (ev (car subs))
(map ev (cdr subs)))]
[else (error ’evl "bad tag")]))]
[else exprl)))))))

We canverify thatthis evaluatorworks asexpected:

(ev (Q (evl (Q (+ 1 2)))N

>
3
> (ev (Q (evl (Q ((lambda (x) (+ x 2)) 1)))))
3

We can continuethis and implementa third evaluatorin evi —
usingthe samede nition onceaggin. The resultis again working
ne.

> (define ev2
(ev (Q (evl (Q (lambda (expr)
;3 Samecodeasevl, substituting'ev2' for “ev1’'
))))))
(ev (Q (evl (Q (ev2 (Q (+ 1 2)))))

>
3
> (ev (Q (evl (Q (ev2 (Q ((lambda (x) (+ x 2)) 1)))))))
3

It is interestingto comparethe performanceof the threeeval-
uators.We do this by de ning a Fibonaccifunctionin eachof the
threelevelsandin Scheme:

(define fib
(lambda (n)
(if (<= n 1) n (+ (fib (- n 1)) (fib (- n 2))))))



;; Translates terms into a HOAS representation
(define-syntax (Q s)
(let transform ([s sl)
(syntax-case s (Q quote lambda if let and or cond case else delay)
[(@ (Q x)) ; transformonce,thenreprocess:
(with-syntax ([1st-pass (transform (syntax (Q x)))])

[
[@

(syntax (Q 1st-pass)))]
(quote x)) (syntax
(lambda args b)) (syntax

’x)]
(term ’lam (lambda args (Q b))))]

[@Q (if x y 2)) (syntax (term ’if (Q x) (Q y) (Q 2)))]

[(Q (let ([x vl ...) b)) (syntax (Q ((lambda (x ...) b) v ...)))]

[(Q (and)) (syntax #t)]

[(Q@ (and x)) (syntax x)]

[(Q (and x y ...)) (syntax (Q (if x (and y ...) #£)))]

[@Q (or)) (syntax #f£)]

[Q Cor x)) (syntax x)]

[@Q Cor xy ...)) (syntax (Q (let ([x* x]) (if x*x x*x (or y ...))))N]

[(@ (cond)) (syntax ’unspecified)]

[(Q (cond [else bl)) (syntax (Q b))]

[(Q (cond [test b] clause ...))

(syntax (Q (if test b (cond clause ...))))]

[(Q (case v)) (syntax ’unspecified)]

[(Q (case v [else bl)) (syntax (Q b))]

[(Q (case v [(tag) b] clause ...)) ; (naivetranslation)

(syntax (Q (if (eqv? v ’tag) b (case v clause ...))))]

[(Q (delay x)) (syntax (delay (Q x)))]

[@Q £ x...)) (syntax (term ’app (Q £) (Q x) ...N]

[@ x (syntax x)1)))

Figure 1. Full quotationcode
(define £ib0
) (ev (Q (lambda (n) ...)))) The de nition of this evaluatoris not really strict. In fact,it does
define fibl i it i i i
tov (0 (evi (@ (lambda (@) ...)))))) Inot enfor_cga_ry a/aluatlonstrateg_y it Ju_stlnhe_r_ltsn_ from t'he
(define £ib2 anguaget isimplementedn. In thiscasethisde nition isrunning
(ev (Q (evi (Q (ev2 (Q (lambda (n) ...)))))))) in ev*'s lazy contet, which makestheresultinglanguagdazy as

Measuringtheir run-time shavs the expectedblowup with each
layer of representationandthat even at threelevels of nestingit
is still usable.

> (time (fib 18))

cpu time: 1 real time: 1 gc time: O

2584

> (time (ev (Q (£ib0 18))))

cpu time: 105 real time: 133 gc time: 65
2584

> (time (ev (Q (evl (Q (fib1l 18))))))

cpu time: 618 real time: 637 gc time: 394
2584

> (time (ev (Q (evl (Q (ev2 (Q (£fib2 18))))))))
cpu time: 3951 real time: 4131 gc time: 2612
2584

To make thingsmoreinterestingwe cantry variationson this
theme.For example,we cannesta strict evaluatorin thelazy one,
andusetheY combinatotto getrecursion:

(define ev*1
(evx (Q (Y (lambda (ev)
(lambda (expr)
(cond
[(term? expr)
(let ([subs (term-exprs expr)])
(case (term-tag expr)
[(lam) (lambda args
(ev (apply (car subs) args)))]
(ev ((if (ev (car subs))
cadr caddr)
subs))]
[(app) (apply (ev (car subs))
(map ev (cdr subs)))]
[else (error ’ev*1l "bad tag")]))]
[else expr])))))))

[(if)

well:

> (ev (Q (ev¥l (Q (+ 1 2)))))

3

> (evx (Q (evx1l (Q ((lambda (x y) y) (+ 1 "2") 333)))))
333

Again, we canrepeatthis de nition to geta third level, thenmea-
surethe performancef thethreelevelsusingfib de nitions:

> (time (evx (Q (fib*0 18))))

cpu time: 198 real time: 227 gc time: 129

2584

> (time (evx (Q (ev*1 (Q (fibx*1 18))))))

cpu time: 575 real time: 589 gc time: 357

2584

> (time (ev* (Q (ev*1 (Q (ev¥2 (Q (£fibx*2 18))))))))
cpu time: 1186 real time: 1266 gc time: 780

2584

It is interestingto notethatthe blowup factoris muchsmallerthan
in the ev case.The conclusionis still the same:eachevaluator
layer increasesun-time, but the blowup is small enoughto still
bepractical.(E.qg.,it is afeasiblestrateyy for implementingDSLs.)

8. HOAS Disadvantages

As mentionedabore, HOAS doesnot comewithout a price. The
two majorproblemswith HOAS representationarewell-known:

Exotic terms: we have seenthat the functionsthat are usedin
HOAS representationare syntactic' Term! Term' transform-
ers.However, not all of thesefunctionsare properrepresenta-
tions— someare not a quotationof arny concretesyntax.For
example,we canmanuallyconstructhefollowing term,which
doesholda Term! Term' function:



(term ’lam
(lambda (x)
(if (equal? x (Q 1)) (Q 2) (Q 3))))
but it is not a valid representatior— thereis no lambda term
that hasthis asits quotation.Brie y, the problemis that the
function is trying to inspectits values(it would have beena
valid representatiohadthewhole if expressiorbeenquoted).

This meansthat we should not allow arbitrary functions
into the representationindeed, major researchefforts went
into formalizingtypesin variouswaysfrom permutations-based
approacheg15, 16, 17, to modal logic [4, 5] and category
theory [14]. In [1], anotherformalism is presentedwvhich is
of particularinterestin the contet of Schemelt relieson a
predicatve logic systemwhich correspondgo certaindynamic
run-time checksthat can exclude formation of exotic terms.
This formalismis extendedn [12].

Induction: anothercommon problemis that the representation
containdunctions(which putsafunctiontypein a negative po-
sition), and thereforedoesnot easily lend itself to induction.
Several solutionsfor this problemexist. As previously demon-
strated[1], thesefunctionsbehae in a way that makesthem
directly correspondo concretesyntax.In Schemethe quota-
tion macrocanaddthe missinginformation— addthesyntactic
informationthat containsenoughhintsto recover the structure
(but see[1] for why thisis notstraightforvard).

As asidenote, it is clearthatusingHOAS is very differentin
its naturethan using high-level Schememacros.Insteadof plain
patternmatchingandtemplatelling, we needto know andencode
the exact lexical structureof ary binding form that we wish to
encode.Clearly the codethat is presentechereis simplied as
it hasjust onebinding form, but we would facesuchproblemsif
we would represenimore binding constructdike let, let* and
letrec. This is not necessarilya negative feature,since lexical
scopeneeddo bespeci edin ary case.

9. Conclusion

We have presenteccodethat usesHOAS techniquesn Scheme.
The techniqueis powerful enoughto make it possibleto write a
small evaluatorthat can evaluateitself, and— aswe have shavn
— be powerful enoughto model differentevaluationapproaches.
In additionto beingrobust, the encodingis ef cient enoughto be
practicaleven at threelevels of nestedevaluators,or whenusing
lazy semanticsHOAS is thereforea useful tool in the Scheme
world in additionto the usualhostof meta-level syntactictools.

We planon furtherwork in this area,speci cally, it is possible
thatusinga HOAS representatioffior PLT's ReductionSemantics
[11] tool will resultin a speedboost,anda cleanersolutionto its
customsubstitutionspeci cationlanguageGiventhatwe're using
Schemebindingsto representindings may make it possibleto
useHOAS-basedechniquecombinedwith Schememacros.For
example,we canrepresenfa languagein Schemeusing Scheme
binders,allowing it to be extendedvia Schememacrosin a way
thatstill respectsSchemes lexical scoperules.
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