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Abstract. Tag elimination is a program transformation for removing
unnecessary tagging and untagging operations from automatically gener-
ated programs. Tag elimination was recently proposed as having immedi-
ate applications in implementations of domain specific languages (where
it can give a two-fold speedup), and may provide a solution to the long
standing problem of Jones-optimal specialization in the typed setting.
This paper explains in more detail the role of tag elimination in the im-
plementation of domain-specific languages, presents a number of signifi-
cant simplifications and a high-level, higher-order, typed self-applicable
interpreter. We show how tag elimination achieves Jones-optimality.
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This a e is onened iha osl olem hih an aise hen

he su e and he me alanguage a e s ai all ed n a iula, hen
he me a language is ed, he eis gene all aneed oin odu ea uni e sal
daa e o e esen alues un ime, ha ing su h a uni esal daa e

means ha ehae o e om agging and un agging o e a ions When he
su e language is un ed, e eall do need hese heks eg in an M

ine ee o heme u hen hesu e languageisalsos ai all ed
eganM ine ee oM , edono eall need hee a ags he ae
us hee e ause eneed hem o When
su hanine ee iss aged,i inheis his eakness and gene a es og ams
ha on ain Togi eanideao he
os o hesee a ags,heeis he os o unning osam le ogams he
a oial un iona lied o and he i ona i un iona lied o ih

and ihou he agsin hem?

The a le sho s ha emo ing he su e uous ags om hese o og ams
s eedsu hei eeuion a a o o and imes, es e i el
Ho , hen, an eensue ha ogams odued hes agedine ee
dono onainsu e uoususeso heuni esaldaa e
ne ossi ili is olook 0 moee essie es sems ha alle iae he

need o auni esaldaa e suh as de enden essems u i isno
lea ha sel ine eaion an e a hie ed in su h languages mo e
essing a ial onenis ha suh s sems lose de ida le e ,
hi h is a highl alued ea ue o man ed un ional og amming lan
guages

, isa eenl o osed anso maion ha asde
signed 0 emo e hesu e uous agsina os o essing hase Thusou a

oahis osage heine ee ino disin s ages ahe han he

adi ional o Thene e as age, alled ,isdisin 1 di e
en om he adiional a iale aluaion o s eiali aion s age n essen e,
ag elimina ion allo sus o e hek hesu e ogama e i has eenin

e eed i heks,su e uous agsaesim ]l e ased om heine e aion
no ,a semani all e ui alen ine a eisadded a ound heine e aion

The o lem o he su e uous agsis ighl ouled ih he o lem o

The signi an e
o Joneso imali lies ohinis eleane o heee iea liaiono he
aoes aeg henasai all ed me a language is used, and he a  ha
he o lem has emainedo en o o e hi een ea s, eluding nume ous signi
ian eo s , ,
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nuiiel, Joneso imali ies oaddess he olemo hehe o a
gi en me a language he e e issa a ial e aluao s ong enough o emo e
anenieleelo ine eieoehead , e ion ke di wul is
in o mali ing henoiono ine eieo ehead To his end, Jones hose o
omulae hisin hes eial ase hee he ogam eing s e iali ed is an
ine ee This es i ion makes he uesionmoes ei , u heeissill
he uesion 0 ha emoingalae o ine eie o ehead means, e en
hen eaes eialiinganine ee ne hoieis osa ha he os o
s eialiing heine ee oa a iula ogam oduesa em ha isno
mo ee ensi e han heo iginal og am Thisho e e ,in odu es heneed o
anoiono os, hihisnon iial o omalie nohe a o0oah hih e
akehe eis osa ha hegeneaed ogammus es na iall hesameas
he o iginal one While his e ui es ohi i ing addi ional edu ions, ea e
ha,asi sill a ues heessen eo ha eae ing o o malie

The ele an e 0 Jones 0o imali liesin ha,i e a hie ei, hen
s aging a ial e alua ion ill no dou oduesu o imal ogams o a
la ge aie o languages Thus, esol ing his o lem o sai all ed o
g amming languages means ha e ha ees a lished ha sai all ed lan
guages an e used oe ienl im lemen om iles o alage lasso do
main s e i languages in luding, o e am le, all languages ha an e easil
ma edinoan su se o helanguage ha e onside

This a e sho s ho ag elimina ion a hie es Joneso imali , and e o s

e ie on an im lemen aion ha su o sou heoeial esuls n
doing so, his a e e ends e ious heoeial ok esen ing
a  ed, highle el language oge he ihasel ine ee o i needed o
Jones o imali ,and asu saniall sim li ed e sion o ag elimina ion
e ious im lemen a ion o k asina s o de language
e ion esen s a sim 1 ed og amming language ha ill e used

as he main ehile o esening hesel ine ee and he o osed ans
o ma ion The language has s o de da a and highe o de alues We de ne

he ne anno aions and hei ine e aions s ei aion o a ag elimi
na ion anal sis®is esenedin e ion asase o ineen e ules de ned
indu ionon hes u ueo a ems n e ion e summa i e he asi

semani o e ies o ag eliminaion n his se ion, e de ne he a e
andun a e un ions ha aeneeded odenea all ak ah o he
ag elimina ion ans o ma ion

e ion eie sine ees e ion addesses he elaion e een an
ine ee andasagedine ee,em hasi ing heuili o henoiono a

3 In this paper, we present and focus on a specification of the analysis, not an algorithm
for carrying it out. We expect that the analysis can be implemented by a total
function that yields a result that can be validated by our specification, but at this
time, we have not yet established this formally. In this paper, we will often refer to
this specification as the analysis .



ansla ion in hisse ing n hisse ion, esho ho agelimina ion anal sis
issu ien o allo us o elimina e su e uous ags om ed s aged sel
ine ees n e ion e demons ae he ele an e 0 his esul o he
o0 lem o Jones o imals e iali a ion

yped an ua e or el Interpretation

is e esen a ogamming language ih s ode daa esand ih

highe o de alues The in his language a e sim 1

The e is o s ode daa like e essions, he e is o

highe o de alues auni esaldaa e ,and helas odu ionis o un ion
es We an hinko as eing gene a ed he ollo ing M de la a ion

u e dono need ase anal sis on We ill onl need alue on u os
agging and sim ledes u os un agging o ou u oseshee iing in
e ees Weassumean in niese o anged o e ,and ha
his se in ludes he s e ial a ia les The se o
is de ned as ollo s

1 1

The e ill einha ied e essions e esened do ed ais ne
an use adisin se o names o aoms, u i ausesno on usion o sim 1
use aia leshee oe ha susiuion doesno doan hing ih ,o

ahe,i is heideni Weuseas anda d o his language
11 2
2 1 1 2
12 2 1 2
1
1 2
2 2
12 12 3
1 1

The fixed-point construct used here seems to worry some readers. In particular,
they expect such a construct to either take an additional parameter, or have a type
restricted to function types, or both. We choose this form primarily because it keeps
the various type-preserving translations simple. It may help the reader to note that
any term written in such a language as ours can be easily translated into a language
that uses a fixed-point operator restricted to function types. Note, however, that in
a language with a fixed-point operator such as ours, variables are values.



The essemeno s eakeningandsu siuion o e ies

1 1 1 2 2 2 1 2

11 eas indu ions

s anda d o his language is
used
1 3
1
3 1 2 1 12
12 2 1 1
1 1
1 12 12 2 2
1 2 12 12
1 1 1 1
1 2 2 2 2 1
2 1 2 1 3 3
12 12 12 3 2 12 3 3
1 1

This seman i sindu esase o alues, namel , hela ges se o emson hih
he seman i s is idem o en The se o is de ned as ollo s

oe ha This on ainmen is oneo he easons h ou ea men is
o en onsideed s na i aso osed o deno aional We nd he on
ainmen useul e ausei allo sus oa oid ha ing osimila u sillslighl
di een noionso aious one s,suhas ing
We an e ne he eo e alua ion o The hee asi o0 e ies
o aluesa e he ollo ing

1 2 1 3 2 3
1 2 2
We could have written and for the last two cases, but that puts unneces-

sary restrictions on the untyped language. It also fails to give us the largest set on
which the semantics is idempotent. In the typed setting, the type system will ensure
that typed values will necessarily have the more restricted form.



I oosae sim leindu ionso e he heigh o hedei aion

The seman i s alsoen o s

oe,ho ee, ha i issill ossi le o some ems o ge suk in ou
language, su h asin  ing o ake he ail 0 an em lis We ill
ie o 0O ems, u O on e sion o seman i
e uali e ill use he la ges ong uen e hen e mina ion is o se ed
isa em ihea |l onehole We ill ie o he aiale
a ue lling o he hole in ih he em T o ems 1 » ae
, 1 en 3 2, hen o ee one iis
he ase ha
1 2

The ke idea ehind he o osed a oah o dealing ih heine eie
o e head is ha he use iesanine ee hih in ludes some addi ional
anno a ions ha haenoee on hesemani so he ogam u ha do
haeane e on ha ha ens o hesu e uous ags Thus, he og amme
ies heine ee in alanguageo annoaed ems n
isa em heeeaho u eneo _ !_ _ and

ihoneo o)

I _is anno a ed

Whe e sands o kee and s ands o elimina e is de ned
on anno a ed e ms in he s anda d manne n em an e in 0 an
annoaed em 1iing, i en, _ sim 1l annoaesee ons u o and
des u o ih he ag iingissu siuie 1 2 1 2
i ing and issim 1 heideni em edding
aede nedsimilal o ems i ingon one s

isde ned simila 1 o e ms The on ems an eli ed o
anno aed ems heeall he ons u sae o agaedduinga om u aion

i hou ins e ingo making an hanges o he anno a ions Thus,i s o

usea unago eaion o emo ean agin hissemani s

Note that, because we have datatypes and some datatype operations can get stuck,
one should ideally use a notion of e uivalence which distinguishes between getting
stuck and diverging. In this paper, we avoid this distinction for the sake of simplicity.

ecause nowhere in our treatment do we exchange a possibly-stuck term with a
possibly-non-terminating term (or the other way around), we expect our results to
generalize.



The on anno a ed ems _ siml o

ge s he anno a ions, and he - elimina es
ons u sannoaed ih and us do s he annoaion om heohes
o e am le, oe ha ,and ha oh

noionso easueaesu siuie ohnoionso e asuea ealsoono These
a s illallo us okee easoning iho se aionale ui alen e sim le

Thesu e ine eaionallo sus oli 0
anno aed ems, ha is, e ill de nee ui alen e on anno a ed e ms as ol
lo s

1 2 1 2

This means ha , om heuse s oin o ie , aggingand un aggingo e a ions
annoaed ih o aesemani all he same Thus, e an eall hink o
hese anno a ions as eing u el o he ag elimina ion anal sis ha an
ae onl e omane n his a e,i one hin is ong,no agelimina ion
ill e e omeda all Thegoalo his a e isno,ho e e, odemons ae

ha heeisa anal sis ha sol eso imali , u ahe ha heeis
an anal sis a all ee Makholm o some ideas o alle ia e his a i al
o lem

pei ationo a a limination naly i

n his se ion, e esen as ei aion o ane agelimina ion anal sis
The anal sis ill e esened asa es sem de ning a udgmen
nuiiel, he udgmen sa s

ae asiall es a ing names
o ags eihe o in e ain osiions, and a e de ned as ollo s

We illuse os i su ses and ha anideni os e ial

nannoaed e ideni esasu se o alues and e ms o e ,andan
anno a ed e o es onds o legiima e es eialiaionso a su e
alue o an e n he aseo he s odu ion o , hesu se is he
hole se n he se ond ase, he su se alues ha hae agsas heoue
mos O O mos ons u n he ne ase, alues ha haea ag o
e ms, he anno a ed eideni es e ain ems ha aneihe diegeo
e alua e o aluesideni ed he anno aed e
n he one o he oko Hughes and an , an anno a ed e
an e seen as des i ing a es eialiaion ah oma alueo e



oa alueo e The addi ional agin o ma ionin he anno aed e ells

us ha e a hie e his es e ijali aion semani all elimina ing an
ag The and ine eaionso annoaed esae
1 2 1 2
1 2 1 2
The is de ned as ollo s
11 2
2 1 1 2
12 2 1 2
1
1
2 2
12 12 2
1 1
1 2 1 2
1 1
1 2 1 2

The s olineso he essemae om leel sandad Thelas line in

odu esne ules ha assigns e ialanno aed es o agging and un agging
o eaionsanno aed ih elimina e anno a ions

This e s sem also eno s eakening and su siuion o e ies, and

he seman i s also en o s an on losed e ms
The anal sis he es sem,in ha an e udgmen has
a o es onding anal sis udgmen We an also es a lish

s onge 0 e ieso he anal sis

This lemma a ues he a heanal sis e o ms a leas 0 hingsim 1li
il is, ing he em 1ihou heanno aions,andse ond, ing he em
a e he ma ked agging and un aggingo e a ionsha e eeneliminaed oe
ha e ouldno eale o oe his oe i eused inseado in he
las ules e e oes onge,semani o0 e iesa ou he anal sis

ohdie ions sim le indu ions

emanti Propertie o a limination

Tag elimina ion hanges he e o a em, and so, ne essa il , hanges he
semaniso he em o unael,i is ossile ogieasimleand a u
aea oun o his hange in semani s using so alled a e un a e



un ions hihaea i moe geneal han he lassi

em edding oe ion ai dis ussed in hene se ion

o sim lii , and simila 1 0 The
a e andun a e un ionsa agien e an eseenas om le el
de e mining a es eialiaion ah

sim le indu ions The las o ome om he asi

The s oae
0o o e ies nall ases, eha e oesa

o e ieso easue,and he s
lish he o e ieso heun a e wun ion simul aneousl

The o addie ionis asim leindu ionon heheigh o hedei a
ion The ak addie ionis anindu ionon hele i oga hi ode gen
e aed he heigh o0 hedei aionand hen hesieo he em

indu ionon hes u ueo heannoaed es



o an suh ha ,
is de ned as

(0]

oe ha hein u o he agelimina ion anso ma ionisan anno aed e m
and an anno a ed e o h he anno a ions and he anno a ed eae
used o ensue ha he anso maionis un ional The sud o ineen e
e hni ues o he anno a ions and he anno a ed e an alle ia e he need
0 he anno a ions and he anno a ed e, u eleae his o uue ok
ea ingou ineen eis agmaiall ellmoiaed, eausei iseas o he
og amme o o ide hesein us

The o00 e hni ueusedina e iouss ud on agelimina ion o kshe e

Weonl need o oe ha o all e ha e

This oo oeeds indu ion hes u ueo heannoaed e n he
aseo and , he oo omes om he a ha hen he anno a ed
e issim 1 a e n he aseo and , he 00 uses hede niiono
e asu e,and heindu ionh o hesis The aseo a o sis hemos in e es ing
is done using simula ion, e ensionali ,li ing, he on onesso ohe asue
un ions, and hese ond a o o olla

Interpreter

n odu ionon e ageo

node o eale oaddess heissue o Joneso imali o mall and o

es a lish ha a e ain og am is indeed an , € illneed o e ie
some asi issues o en oding and e essi ili eause eaeineesedin
, e il egin e ning ou no a ion and de ne heseso

ed e ms and alues as

and

nd e il ie and hen isem oing e ese aionon
losed e ms, eno angiee aluaiona ne e



We de ne a as a e hose an e esed

o mealeelsna i e uali i hin he language Tha is, o all 1 o ,

1 2 1 2
oe ha ,ingene al,i isdesi a le ha alanguageha e es hih ha e
his o e n me a og amming se ings, i is o husl
iialie o se aional e ui alen e o , n a iula,i
o se aijonale uali is hesames na i e uali ,man ineesinglo alo
imi a ions su h as edu ion e ome seman i all unsound The e in
he language eseneda oeisa s ode daa e
og amming language has i i has
an , and he e e is s a ull em edding - ,

meaning ha

isde ned o all ,and

_hasale in ese alled _ , ha is,

Thele in esedoesno hae o ea oal un ion i us needs o e de ned
on all elemen s 0 he ange image o he em edding
o ou language, e ande ne he un ionandisle in eseas ollo s

12 12
12 12 102 102
12 3 1 2 3
1
1
and,
12 12
12 12 12
1 2 3 12 3
1
1
is eas o see ha u h en oding de oding ai s ha e some imes
een alled and This e minolog as omo ed ian an ell
mi h ei oidesus iha a o maeialiing o e esening
ems 1ihin he language, and e e oidesus iha a o ine eing

aninenal e esenaion akinoa mealeel em oe ha all hese

The second re uirement is not hard it is enough to know that  can represent the
natural numbers. The detailed treatment here is primarily expository.



un ionse is a heme ale el,and ha e essing hem i hin he language
euies s de ning hema hemealeel

s ihe aluaion, e ill emoeineesedin he su e ed e sions
o hese un ions _ and _ , hee he s oneis
a hie ed es i ing hein u o e ell ed,and hese ond es i ing

heou u o eing ell ed
Wihsna i e esenaioninhand,i is em ing o ie ine eesas

a ogam alli e essing he ollo ing un ion

eause suh a un ion oduesa alue o he same su e e as he
su e em eingine eed, e il all hem u i
unsou ha e essingsuhanine ee inasaiall ed og amming
language su h as heone a hand isa ahe su lema e n a ,i isonl
eenl ha some okon ogamming e inde ed alues in M has

gi enahin o ho suha un ion an ee essed u e en hen,i iskno n

ha e ane =esssuhan ine ee o eah e uiisno kno n ha

he e is ha e an all heine ee and ha ould ok o all
es

While he en oding and de oding un ion eseneda o e ould gene all e
enough o e essinganine ee inanun edse ing, he a egene all no
enoughina edse ing To lai  his oin, e illanal e hee essi ili
o hese un ionsando ine ees

a ial meale el un ion is a em
hen o all
sasim lee am le, o an , he un ion ise essed he
em n on as,an un ion ha dis inguishes e een
he e ms and ouldno ee essile a ial me ale el
un ion is hen o all ; o suh ha ; 2
i 1 is de ned hen o is de ned, and 1 2 essi le

un ions a e admissi le, u no ne essail he on e se Thus, admissi ili
hel sin es a lishingnegai esaemenson ha an ee essed

sis, he oun ed un ionsdes i eda oe ee essedin ou

language in o h ases, he don ha e he igh e a leas he need o e
es i ed o aluesin oh he domain and he o domain

e es i hede oding un ion o aluesandis esul o alueso e

, ege a un iono e This en oding un ion is admis

sile in a ,e en hough e don oei, ee e ha i ise essile

Here we omit the formal definition of expresses for reasons of space.



e ause one 0 he main hings ha egeneall an odo ihe essionsis
oe aluae hem a e de oding hem, a de oding un ion es i ed o alues
almos u no uie modelsanine ee
Ho ee,i e es i heen oding un ion o alues, and hen u he
es i i o alues o some e, sa , e , €ege a un ion o
e This un ion dis inguishes e een o e aionall e ui a
len ems, heeoe,i isno e en
eauseo hesu leiesin ol edine essingadie ine ee,amoe
ommonl wused e hni ue o im lemeningine eesin ol es he use o a

We de ne a as a e ha allo sus
0 alues 0 an e a alue o one uni e sal e We an o
mali e he no ion o simula ion on isel as ollo s The emus e is a
su h ha
1 2 1 2

We anes a lish ha hedaa e inou og amminglanguageisauni e sal

daa e usinga amil o e ms and and sho ing ha hela e isa
le in eseo he o me

ndi iseas osho ha

indu ionon hes u ueo he es
oe ha hea ha edon need oa 1 heindu ionh oh
esis in he ase o isessenial o hea ili odo he oo indu ion on

hes u ueo es

uhauni esaldaa e lasa wuial olein allo ingus oe esssim le

ine eesin non de endenl ed og amming languages n a i ula,
he allo us oim lemen ha e il all an

emisanindie ine ee alli iie esses he
un ion

While his shi omdie oindie ine eesmakes iingine ees
easie , i also in odues he e o ehead ha he ag eliminaion ans

oma ion 1ill need o emo e n ou heme ased im lemen a ion he sel
ine ee isesseniall as ollo s

Unfortunately, space does not allow us to give all the details here.



Whe e, 0 e am le, is and is We ill de ne ou
0 ¢ he ema oes eiali ed sim lea liaion o he
em en i onmen

is olklo e ha isanindie ine ee and edono oei hee

ta ed Interpreter and ran lation

We men ioned in hein odu ion ha asagedine ee an e ie edsim
] asa anslaion Thisisasu leshi in ese ie n a iula, heonl
e uiemen onine eesis ha he ield he igh alue oma ogam
en, hes aigh o adim lemenaiono ine ees in oh and
og amming languages ends o ha ea agmai disad an age The
sim | dono ensuea leanse aaion e een he aious sages o om
uing he igh alue o ane ession n a iula,s aigh o adim
lemen aions o ine ees end o e eaedl aese hee ession eing
ine eed deall ,one ouldlike his a esal o edoneoneand o all n
gene al, a hie ing his kind 0 se a aion gi es ise o he need o using o
and mul i le el languages

agedine ees, heeoe,aeno an om osiion o he un ions

des iedaoe u ahe,a a iula o his om osiion
ha eha esina e ain manne e ause and un ional languages
anno o e e aluaion unde lam da, he ae hough o einsu ien o
e essing s aging e e heless, he o asagedine ee hi his a

em in he age language o es onding o he gi en em in he su e
language is e essi le in he language u he moe, he esul o a s aged
ine ee isalsoo se aionall e ui alen o he esul o anine ee These
a sim 1 ha, hilesagedine eesaeno kno n o ee essileina
language su h as heone eaesud ingin his a e, he aesil

agmai e eiene ihsagedine ees suggess ha hei inu

ou u ehaio an e modeled ahe s aigh o adl asa o
sim lii ,i isenough o o uson a anine ee i enin
he same languagei ine es Whens aged,asel ine ee e ms
in one language in 0 e msin he same language oeho ee, ha o ing

easons, he esul ing ansla ion is no he iden i ahe ,i is he ollo ing



un ion

12 1 2
1 1
12 1 2 12 3 1 2 3
1
1 1
1
1 1 1
ne ansho ha is easona le oe e ha as aged
odu es hena lied o ,andou im lemen aion on msi
Theannoaed eo he esul o anslainga emo e isde ned as
ollo st
1 2 1 2

The idem oen e o he anslaionon isessenial o einga le odo he
aious oos ha ae a iedou indu ionon hes u ueo he es

oed sho ing ha ,and oe ing m eddingslemma

oh asim leindu ionon hes u ueo

The s a o hislemmameans ha unning hes agedine ee ona ell

ed su e og am ieldsa em ha asses he ag elimina ion anal sis

The se ond a means ha e asing he o e a ions ma ked ields ak
eisel he em ha esa ed ih

oe u he ha,using heseond a , e ans enghen he s a o

his lemma o e

This s a emen means ha a | ing he ag elimina ion anal sis o he esul
o asagedsel ine ee isea ] hesameas e he king he em eing
ine eed Thisis oal hemos a uae haa eiaiono hes engh

o heidea o ag elimina ion

! Now we can see how and  generalize and . or example,



one ptimal pe iali ation

his oin, ehae eseneda aie o esuls ha indi ae ha agelim
ina ion has auseul a liaionin he one o sel a liaiono as ei
ed og amming language, and ould he eoe e useul inim o ing he
e e ienesso adiional a ial e alua o sin s aging man in e es ing in e
ees 1 enin hislanguage o e un o add essing he long s anding
oen o lemo Joneso imali , o mall un ion is a
i, o all losed 1 and o

a ial e alua o is iiisa a ial un ion sais ing he
aoeeuaion, hende ned oe ha e euie ;and 5 o e losed onl
o simlii ;as a ialealuaosaesna i o eaionsand he eo e mus
deal ih ee aia lesan a un ion is a a ial e alua o
i

a ial e alua o is iiisa a ial un ion sais ing he

a o ee uaion, hende ned Thisde niiono a ed a iale alua o ismo

iaed hede niiono ansel ine ee ina ed og amminglanguage
isa emsuh ha

isa emsuh ha

he e is a uni e sal em edding un ion o e an e a iulae hede
ini ion o Jones o imali a ial e alua o is ih
ese oaanun edsel ine ee hen o all e ha e

gainmo i a ed he ole ha auni esaldaa e lasin edine ees,

e gene ali e he de ni ion o Joneso imali o he edse ingas ollo s

ed a ial e alua o is said o e ih ese oa
edsel ine ee hen o all



o he s a ,all eneedis o ollo asim lese uen e 0 seman i
e uali ies

1 2 e ensional seman i s o
1 2 de niiono a

and eha esais ed hede niiono a
o heseond a , eonl hae o ollo asimlese ueneo sna i
e uali ies

assum ion

emma , SO su eeds
and emma,
and eha esais ed he de niion o ed Jones o imali

We ha e uil anim lemen aion ha su o s his esul

on lu ion and uture or

n his ae, ehae esened he heoeial esulssho ing ho Jones
o imali isa hie ed using ag elimina ion We ha e alsoim lemen ed as s em
ased on he anal sis esen ed he e in heme ,andi has alida ed ou heo
eial esul s'' Theanal sis e esenedhe e on ains e hni alim o emen s
o e heoiginal o osal in ha i usesasim le udgmen Themain ea
son o hissim lii is ha ee loi inomaiona ou ell o medness o
anno a ed esin he udgmen '2 Ho e e,i isalsomo es e iali ed han he
o iginal anal sis, hi his aame i oe ana i a daa e ha emigh
an o elimina e
The moalo he esen okis ha heeisa a ialsoluion o he
o lem o Jones o imali hi h an e a ained h ough some sim le anno
a ions heuse The eise iden e ha he anno a ions ma no ene essa
in a ie Makholm im lemen ed a aian o ag eliminaion o a s
o de language hose es u ueisdi een han ha o helanguage euse
he e n hisim lemen a ion, he analogo ou and anno aionsaeine ed
au oma i all he ag elimina o ins ead 0 eing em edded in he s aged
ine ee n inile, i seems ha suhineen ein he se ing esen ed
in his a e should e de ida le al hough no ne essail e ien Whe he o

11 The system can be downloaded from .

12 Tn fact, in this paper, we have only talked about well-formed annotated types. There
is a general way to go from the original definition of well-formedness to the kind of
presentation given here, but this is beyond the limits of space available here.



no e ien and a ialineen e illsale o hehighe o de se ingis no

kno n The ok on d nami ing ma hel esa lishsuha esul o mall

om inaionso a e andun a e un ions o idena u al me ha
nisms o ano iono su sum ion o su ing ha an eused o o idean
analog o so ing inall , eho e ogenealie his ok o ihe se ings

ihsaeand ol mo hism

Weae e gaeul o eil Jones, ho la ed an a
ie a in heeal sageso his ok,ando eed alua le ommen s he e
a e Wealsoen o ed man use ul dis ussions i hMaka o Taka amaand e e
Thiemann We e ie ed man use ul ommen onealie da s om hiso he
eague, Hen ik ilsson, e an Monnie, asen hu mann, ale Tiono,
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