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Abstract

We demonstratea tiny, yet non-trivial evaluatorthat is powerful
enoughto runpracticalcode,includingitself.This is madepossible
usinga Higher-OrderAbstractSyntax(HOAS) representation—
a techniquethat has becomepopular in syntax-relatedresearch
during thepastdecade.With a HOAS encoding,we usefunctions
to encodebindersin syntaxvalues,leading to an advantagesof
re�ecting bindersratherthanre-implementingthem.

In Scheme,hygienicmacroscoverproblemsthatareassociated
with bindersin an elegant way, but only whenextendingthe lan-
guage,i.e.,whenwework at themeta-level. In contrast,HOAS is a
usefulobject-level technique,usedwhenweneedto representsyn-
tax valuesthat containbindings— andthis is achieved in a way
thatis simple,robust,andef�cient. Wegraduallydevelopthecode,
explaining the techniqueand its bene�ts, while playing with the
evaluator.

1. Intr oduction

Higher-Order AbstractSyntax(HOAS) is a techniquefor repre-
sentingsyntaxwith bindingsusingfunctions.This is a form of re-
�ection in thesensethatbindersin theobjectlevel arerepresented
usingbindersin themetalevel.Theresultis simple(noneedfor so-
phisticatedsubstitutionmechanisms),robust(themeta-level is our
language,which better implementscopecorrectly),and ef�cient
(asit is partof thecoreimplementation).

HOAS hasbeenin usefor awhile now [13], agoodoverview is
givenby Hofmann[9], andin [1, Section4.7].However, it is more
popularin the strictly typed world than it is in Scheme.In part,
this maybedueto Scheme's hygienicmacrofacility, whichallows
hookingnew kinds of syntacticconstructsinto the languagein a
way that respectslexical scope.Using a high level macrosystem
meansthat Schemersrarely needto representsyntaxdirectly —
instead,they work at themeta-level, extendingthelanguageitself.
Thisis unfortunate,asHOAS canbeausefultool for syntax-related
work. Furthermore,it is possibleto formalize HOAS in a way
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that is morenaturalin a dynamically-typedlanguagethanit is in
statically-typedones,which correspondsto a HOAS formalization
in Nuprl [3] thatbuilds on thepredicative natureof its typetheory
[2, 1, 12].

The purposeof this Schemepearl is to demonstratethe useof
HOAS in Scheme,with the goal of making this techniquemore
accessibleto Schemers1. As demonstratedbelow, usingmacrosin
Schemefacilitatestheuseof HOAS, asthereis no needfor anex-
ternal tool for translatingconcretesyntaxinto HOAS representa-
tions. In itself, HOAS is a representationtool for object-level val-
ues,not for meta-level work wherebindingsaredirectlyaccessible
in someway. It is, however, usedin somemeta-linguisticsystems
for implementingsyntactictools2. For example,it couldbeusedas
theunderlyingtermrepresentationin a language-manipulatingtool
likePLT'sReductionSemantics[11].

2. A Toy Evaluator

The presentationbegins with a simple evaluator. Our goal is to
evaluateaLambda-Calculus-like languageusingreductions,sowe
needa representationfor lambda abstractionsandapplications.To
make this examplemorepractical,we alsothrow in a conditional
if specialform, make it handlemultiple arguments,andusecall-
by-value.A commonevaluatorsketchfor sucha languageis3:

(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 alwaysassumedto have an abstractionin
its headposition,andtheargs-of andbody-of functionspull out
thecorrespondingparts.As expected,themainissuehereis imple-
mentinga propersubstitutionfunction. Commonapproachesin-
cludeusingsymbolsandrenamingwhenneeded,or usingsymbols
`enriched'with lexical bindinginformation(`colors').

1 The presentation is loosely based on a comp.lang.scheme post from Octo-
ber 2002.
2 It 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 otherhand,we canusea higher-orderabstractsyntax
representationfor our language,which will make thingseasierto
handlethanraw S-expressions.For this,werepresentanabstraction
usingaSchemefunction,andboundoccurrencesarerepresentedas
boundoccurrencesin theSchemecode.For example,

(lambda (x y) (if x x y))
is representedby

(lambda (x y) (list ’if x x y))
— andsubstitutionis freeasit is achievedby applyingtheScheme
function.

3. CreatingHOAS Representations

Giventhatour representationof lambda abstractionsusesScheme
lambda expressions,weneedsomefacility to createsuchrepresen-
tation while avoiding the possibleconfusionwhenusinglambda
for differentpurposes.Thecommonapproachfor creatingsuchrep-
resentationsis to usea preprocessorthattranslatesconcretesyntax
into a HOAS value.In Scheme,this is easilyachievedby a macro
thattransformsits bodyto thecorrespondingrepresentation:

;; Translatessimpletermsinto a HOASrepresentation
;; values,which are:
;; Term = atom ; literals
;; | (list ’if Term Term Term) ; conditionals
;; | (Term ... -> Term) ; abstractions
;; | (list Term ...) ; applications
(define-syntax Q

(syntax-rules (lambda if)
[(Q (lambda args b)) (lambda args (Q b))]
[(Q (if x y z)) (list ’if (Q x) (Q y) (Q z))]
[(Q (f x ...)) (list (Q f) (Q x) ...)]
[(Q x) x]))

A few interactionexamplescan help clarify the natureof these
values:

> (Q 1)
1
> (Q (+ 1 2))
(#<primitive:+> 1 2)
> (Q (if 1 2 3))
(if 1 2 3)
> (Q (lambda (x) (+ x 1)))
#<procedure>

Thelastoneis important— thelambda expressionis represented
by a Schemeprocedure,which,whenapplied,returnstheresultof
substitutingvaluesfor boundidenti�ers:

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

Using the representationsthat the `quoting' macroQ creates,a
completesubstitution-basedevaluatoris easilywritten:

;; ev : Term -> Val
;; evaluatean input terminto a Schemevalue
(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))))]))

Note that the underlinedapply expressioninvokes the Scheme
procedurewhich performsthe substitutionthat is neededfor the
beta-reduction:it is a `Term! Term' function. The result of this

applicationexpressionis thereforea piece of (post-substitution)
syntaxthatrequiresfurtherevaluation.

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

It is easyto confusethe currentrepresentationasa trick; after
all, we representabstractionsusingSchemeabstractions,andbeta-
reduceusingSchemeapplications— soundslikeweendupwith a
simplemeta-circularSchemeevaluatorthat inheritsScheme's fea-
tures.This is not thecase,however: Schemeapplicationsachieves
nothingmorethansubstitution.To demonstratethis, theevaluator
caneasilybechangedto usea lazy evaluationregimenif it avoids
evaluatingabstractionarguments.This requiresa distinction be-
tweenstrictandnon-strictpositions.For simplicity, weonly distin-
guishprimitive functions(all argumentsarestrict)andabstractions
(no argumentsarestrict) usingMzScheme's primitive?4 predi-
cate:

;; ev* : Term -> Val
;; evaluatean input terminto a Schemevalue,lazyversion
(define (ev* expr)

(cond [(not (pair? expr)) expr]
[(eq? ’if (car expr))
(ev* ((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)))))]))

And theresultis a lazy language,wherewe canevenusethecall-
by-name�xpoint combinator:

> (ev (Q ((lambda (x y z) (if x y z))
#t (display "true\n") (display "false\n"))))

true
false
> (ev* (Q ((lambda (x y z) (if x y z))

#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

4. Advantagesof the HOAS Representation

At this point we canseethe advantagesof the HOAS representa-
tion. Theseareall dueto thefact that theSchemebindingmecha-
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 usuallyanerror-proneyet critical
elementin codethat dealswith syntax.In our evaluator, we

4 A predicate that identifies primitive built-in procedures.



neednot worry abouttheseissues,sinceit re�ects the mecha-
nismthatalreadyexistsin theimplementationweuse.

Ef�cient: the representationlends itself to ef�cient substitution
for two reasons.First, function calls are an essentialpart of
functionallanguagesthatmustbevery ef�cient; a featurethat
oursubstitutioninherits.Second,if we incrementallysubstitute
somesyntaxvaluewith multiplebindinglevels,thenthesubsti-
tutionsarenot carriedout immediatelybut pushedto substitu-
tion cachecontexts (=environments),which arethe implemen-
tation'sef�cient representationof closures.

Good integration: representingconcretesyntaxwith SchemeS-
expressionsis superiorto the �at string representationsthat is
foundin otherlanguagesbecausethestructureof thesyntaxis
re�ectedin syntaxvalues(valuesare“pre-parsed”into trees).In
a similar way, HOAS addsyet anotherdimensionto therepre-
sentation— scopeis aninherentpartof representations(lexical
scopesarealreadyidenti�ed andturnedto closures).We there-
foreenjoy all functionalitythatis relatedto scopein our imple-
mentation.For example,theunboundidenti�ers arecaughtby
theimplementation,analysistoolssuchasDrScheme's “Check
Syntax”[6] work for bindingsin therepresentation,macroscan
beused,etc.

Theseadvantages,however, do not comewithout a price.More
on thisbelow.

5. Impr oving the Code

So far, the evaluatoris simple,but the codeis somewhat messy:
lambda abstractionsandprimitive proceduresarecon�ated, lists
areusedbothasvaluesandassyntaxrepresentations.Furthermore,
theevaluatoris not ascompleteasit needsto beto hostitself. We
begin by improving thecode,andin thefollowing sectionwe will
extendit soit canrun itself.

We begin by introducinganew typefor oursyntaxobjects,and
usethis type to createtaggedvaluesfor lambdaabstractionsand
applications:

;; A typefor syntaxrepresentationvalues
;; Term = atom ; literals
;; | (term ’if Term Term Term) ; conditionals
;; | (term ’lam (Term ... -> Term)) ; abstractions
;; | (term ’app Term ...) ; applications
(define-struct term (tag exprs) #f)
(define (term tag . args) (make-term tag args))

;; Translatessimpletermsinto a HOASrepresentation
(define-syntax Q

(syntax-rules (lambda if)
[(Q (lambda args b)) (term ’lam (lambda args (Q b)))]
[(Q (if x y z)) (term ’if (Q x) (Q y) (Q z))]
[(Q (f x ...)) (term ’app (Q f) (Q x) ...)]
[(Q x) x]))

ev is thenadaptedto processvaluesof this type.

;; ev : Term -> Val
;; evaluatean input terminto a Schemevalue
(define (ev expr)

(if (term? expr)
(let ([subs (term-exprs expr)])

(case (term-tag expr)
[(lam) 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 f)))

(ev (apply (car (term-exprs f)) args))]

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

[else (error ’ev "bad tag")]))
expr))

Wecannow testthisevaluationprocedure:

> (ev (Q (lambda (x) (+ x 1))))
#3(struct:term lam (#<procedure>))
> (ev (Q ((lambda (x) (+ x 1)) 2)))
3
> (define plus1 (Q (lambda (x) (+ x 1))))
> (ev (Q (plus1 2)))
3

As the previous version,this evaluatordoesnot maintainits own
environment,instead,it usestheSchemeenvironment(in coopera-
tion with thequotationmacrothatleavesbindingsuntouched).This
is usedasa de�nition mechanismthat is demonstratedin the last
example— but we have to be careful to usesuchvaluesonly in
a syntax-representationcontext. Becausethe representationis us-
ing Schemeclosures,we canuserecursive Schemede�nitions to
achieve recursionin our interpretedlanguage:

> (define fact
(Q (lambda (n)

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

Again,makingthisevaluatorlazyis easy:weonly needto avoid
evaluatingthe argumentson betareductions.In fact, we can go
further and `compile' lambda expressionsinto Schemeclosures
that will do the reductionanduseev* to continueevaluatingthe
result.To dealwith strict primitivesproperly, we evaluatethemto
awrapperfunctionthatevaluatesits inputs5:

;; ev* : Term -> Val
;; evaluatean input terminto a Schemevalue,
;; this versionis lazy,and`compiles'closuresto Schemeprocedures
(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 expr]))

On �rst look, this changeseemsa bit dangerous— not only is a
lambda expressionrepresentedas a Schemeclosure,evaluating
it returnsa Schemeclosure.In fact, this approachworks as the
typesdemonstrate:thefunctionthat is partof therepresentationis
`Term! Term', whereasthe `compiled' closureis a `Term! Val'
function.NotealsothatSchemeprimitivesactasprimitivesof the
interpretedlanguage(`Val! Val'), andthe evaluatorwrapsthem
asa `Term! Val' function that allows uniform treatmentof both
casesin applications.

Hereareafew examplestocomparewith thepreviousevaluator:

5 Ideally, any procedure that is not the result of evaluating a lambda 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.



> (ev* (Q (lambda (x) (+ x 1))))
#<procedure>
> (ev* (Q ((lambda (x) (+ x 1)) 2)))
3
> (ev* (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' procedurethat is the result
of evaluatingthe �rst part is directly appliedon (Q 2) (a syntax)
which is essentiallyhow the outermostapplicationof the second
exampleis handled.Thisapplicationjumpsbackinto theevaluator
andcontinuesthecomputation.

Using the Schemetoplevel for de�nitions, we can de�ne and
usea lazy �xpoint combinator:

> (define Y
(ev* (Q (lambda (f)

((lambda (x) (f (x x)))
(lambda (x) (f (x x))))))))

> (define fact0
(ev* (Q (lambda (fact)

(lambda (n)
(if (zero? n) 1 (* n (fact (- n 1)))))))))

> (ev* (Q (Y fact0)))
#<procedure>> (ev* (Q ((Y fact0) 30)))
265252859812191058636308480000000

Finally, asaninterestingby-productof thisnamespacesharing,we
can even usethe call-by-name�xpoint combinatorwith Scheme
code,aslongasweuseev* to translatethefunctioninto aScheme
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 representationsof all formsthatareusedin its de�nition.
Again, to make thingssimple,we avoid addingnew coreforms—
instead,we translatethe variousforms to onesthat the evaluator
alreadyknowshow to dealwith. Wewill use`nested'instantiations
of our evaluator, which will requirenesteduseof theQ quotation
form — this is a minor complicationthat could be solved using
macro-CPS[8, 10], but in MzScheme[7] it is easierto write a
syntax-case-basedmacro,which usesa simple loop for nested
occurrencesof Q. Thenew (and�nal) de�nition is in Figure1. On
�rst look it seemscomplex, but it is merelytranslatingadditional
formsinto known ones,andpropagatesthetransformationinto the
delay specialform (whichwill beneededshortly).

Thelazyevaluatoris slightly modi�ed: call-by-nameis tooslow
to be usablewhennestingmultiple evaluators,so we changeit to
usecall-by-needinstead.For this,we make it createev* promises
for function arguments,and automaticallyforce promisevalues
so they are equivalent to plain values.We also needto treat the
term constructorasa primitive (otherwiseit will containpromises
insteadof values).Thede�nition follows.

;; ev* : Term -> Val
;; evaluatean input terminto a Schemevalue,usescall-by-need

(define (ev* expr)
(cond

[(term? expr)
(let ([subs (term-exprs expr)])

(case (term-tag expr)
[(lam) (lambda args

(ev* (apply (car subs)
(map (lambda (a) (delay (ev* a)))

args))))]
[(if) (ev* ((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]))

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

And with thischangeweare�nally readyto run theevaluatorcode
in itself.

7. Bootstrapping the Evaluator

First,we usethestrict evaluatorto evaluatea nestedcopy of itself.
In this de�nition, ev is thesameasthestrict versionabove,andits
codeis usedwith nochange.

(define ev1
(ev* (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 ’ev1 "bad tag")]))]
[else expr])))))))

Wecanverify thatthisevaluatorworksasexpected:

> (ev (Q (ev1 (Q (+ 1 2)))))
3
> (ev (Q (ev1 (Q ((lambda (x) (+ x 2)) 1)))))
3

We cancontinuethis and implementa third evaluatorin ev1 —
usingthe samede�nition onceagain. The result is again working
�ne.

> (define ev2
(ev (Q (ev1 (Q (lambda (expr)

;; Samecodeasev1, substituting̀ ev2' for `ev1'
))))))

> (ev (Q (ev1 (Q (ev2 (Q (+ 1 2)))))))
3
> (ev (Q (ev1 (Q (ev2 (Q ((lambda (x) (+ x 2)) 1)))))))
3

It is interestingto comparethe performanceof the threeeval-
uators.We do this by de�ning a Fibonaccifunction in 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 s])
(syntax-case s (Q quote lambda if let and or cond case else delay)

[(Q (Q x)) ; transformonce,thenreprocess:
(with-syntax ([1st-pass (transform (syntax (Q x)))])

(syntax (Q 1st-pass)))]
[(Q (quote x)) (syntax ’x)]
[(Q (lambda args b)) (syntax (term ’lam (lambda args (Q b))))]
[(Q (if x y z)) (syntax (term ’if (Q x) (Q y) (Q z)))]
[(Q (let ([x v] ...) 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 ...) #f)))]
[(Q (or)) (syntax #f)]
[(Q (or x)) (syntax x)]
[(Q (or x y ...)) (syntax (Q (let ([x* x]) (if x* x* (or y ...)))))]
[(Q (cond)) (syntax ’unspecified)]
[(Q (cond [else b])) (syntax (Q b))]
[(Q (cond [test b] clause ...))

(syntax (Q (if test b (cond clause ...))))]
[(Q (case v)) (syntax ’unspecified)]
[(Q (case v [else b])) (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 (f x ...)) (syntax (term ’app (Q f) (Q x) ...))]
[(Q x) (syntax x)])))

Figure1. Full quotationcode

(define fib0
(ev (Q (lambda (n) ...))))

(define fib1
(ev (Q (ev1 (Q (lambda (n) ...))))))

(define fib2
(ev (Q (ev1 (Q (ev2 (Q (lambda (n) ...))))))))

Measuringtheir run-time shows the expectedblowup with each
layer of representation,and that even at threelevels of nestingit
is still usable.

> (time (fib 18))
cpu time: 1 real time: 1 gc time: 0
2584
> (time (ev (Q (fib0 18))))
cpu time: 105 real time: 133 gc time: 65
2584
> (time (ev (Q (ev1 (Q (fib1 18))))))
cpu time: 618 real time: 637 gc time: 394
2584
> (time (ev (Q (ev1 (Q (ev2 (Q (fib2 18))))))))
cpu time: 3951 real time: 4131 gc time: 2612
2584

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

(define ev*1
(ev* (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 ’ev*1 "bad tag")]))]
[else expr])))))))

The de�nition of this evaluatoris not really strict. In fact, it does
not enforceany evaluationstrategy — it just inherits it from the
languageit is implementedin. In thiscase,thisde�nition is running
in ev*'s lazy context, which makesthe resultinglanguagelazy as
well:

> (ev* (Q (ev*1 (Q (+ 1 2)))))
3
> (ev* (Q (ev*1 (Q ((lambda (x y) y) (+ 1 "2") 333)))))
333

Again, we canrepeatthis de�nition to geta third level, thenmea-
suretheperformanceof thethreelevelsusingfib de�nitions:

> (time (ev* (Q (fib*0 18))))
cpu time: 198 real time: 227 gc time: 129
2584
> (time (ev* (Q (ev*1 (Q (fib*1 18))))))
cpu time: 575 real time: 589 gc time: 357
2584
> (time (ev* (Q (ev*1 (Q (ev*2 (Q (fib*2 18))))))))
cpu time: 1186 real time: 1266 gc time: 780
2584

It is interestingto notethattheblowup factoris muchsmallerthan
in the ev case.The conclusionis still the same:eachevaluator
layer increasesrun-time,but the blowup is small enoughto still
bepractical.(E.g.,it is a feasiblestrategy for implementingDSLs.)

8. HOAS Disadvantages

As mentionedabove, HOAS doesnot comewithout a price. The
two majorproblemswith HOAS representationsarewell-known:

Exotic terms: we have seenthat the functions that are usedin
HOAS representationsaresyntactic`Term! Term' transform-
ers.However, not all of thesefunctionsareproperrepresenta-
tions — somearenot a quotationof any concretesyntax.For
example,we canmanuallyconstructthefollowing 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 representation— thereis no lambda term
that hasthis as its quotation.Brie�y , the problemis that the
function is trying to inspectits values(it would have beena
valid representationhadthewholeif expressionbeenquoted).

This meansthat we should not allow arbitrary functions
into the representation;indeed,major researchefforts went
into formalizingtypesin variouswaysfrompermutations-based
approaches[15, 16, 17], to modal logic [4, 5] and category
theory [14]. In [1], anotherformalism is presentedwhich is
of particular interestin the context of Scheme.It relies on a
predicative logic system,whichcorrespondsto certaindynamic
run-time checksthat can exclude formation of exotic terms.
This formalismis extendedin [12].

Induction: anothercommon problem is that the representation
containsfunctions(whichputsa functiontypein anegativepo-
sition), and thereforedoesnot easily lend itself to induction.
Severalsolutionsfor this problemexist. As previously demon-
strated[1], thesefunctionsbehave in a way that makes them
directly correspondto concretesyntax.In Scheme,the quota-
tion macrocanaddthemissinginformation— addthesyntactic
informationthatcontainsenoughhints to recover thestructure
(but see[1] for why this is not straightforward).

As a sidenote,it is clearthat usingHOAS is very differentin
its naturethan using high-level Schememacros.Insteadof plain
patternmatchingandtemplate�lling, weneedto know andencode
the exact lexical structureof any binding form that we wish to
encode.Clearly, the code that is presentedhere is simpli�ed as
it hasjust onebinding form, but we would facesuchproblemsif
we would representmore binding constructslike let, let* and
letrec. This is not necessarilya negative feature,since lexical
scopeneedsto bespeci�edin any case.

9. Conclusion

We have presentedcodethat usesHOAS techniquesin Scheme.
The techniqueis powerful enoughto make it possibleto write a
small evaluatorthat canevaluateitself, and— aswe have shown
— be powerful enoughto modeldifferentevaluationapproaches.
In additionto beingrobust, theencodingis ef�cient enoughto be
practicaleven at threelevels of nestedevaluators,or whenusing
lazy semantics.HOAS is thereforea useful tool in the Scheme
world in additionto theusualhostof meta-level syntactictools.

We planon furtherwork in this area,speci�cally, it is possible
thatusinga HOAS representationfor PLT's ReductionSemantics
[11] tool will result in a speedboost,anda cleanersolutionto its
customsubstitutionspeci�cationlanguage.Giventhatwe're using
Schemebindings to representbindingsmay make it possibleto
useHOAS-basedtechniquescombinedwith Schememacros.For
example,we can representa languagein Schemeusing Scheme
binders,allowing it to be extendedvia Schememacrosin a way
thatstill respectsScheme's lexical scoperules.
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