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Abstract. Multi-stage programming is a method
for impro ing the performan e of programs through
the introdu tion of ontrolled program spe iali ation
his paper ma es a ase for

e argue that a
simple language e ploiting intera tions et een t o
logi al modalities is ell suited for multi-stage pro-
gramming and report the results from our stud of
ategori al models for multi-stage languages

r s Multi-stage programming ategori al
models semanti s t pes stems multi-le elt ped al-
uli om ination of logi s modal and temporal

Multi-stage programming is a method for impro ing
the performan e of programs through the introdu tion
of ontrolled program spe iali ation MetaM

as the rst language designed spe i all to support
this method t pro idesat pe onstru tor for ode
and staging annotations for uilding om ining and
e e uting ode thus allo ing the programmer to ha e
ner ontrol of the e aluation order

nfortunatel the single t pe onstru tor _ that
MetaM pro ides for ode does not allo for a natu-
ral a ofe e uting ode his meansthat generated
ode annot e easil integrated ith the rest of the
run-time s stem re iousl pu lished attempts to
pro ide a onsistent t pe s stem for MetaM  here
ode an e e e uted ha e had limited e pressi it

n this paper e propose a re ned method ased on a

stud of

(2) DISI, Univ. di Genova, Genova, Italy

he operational semanti s and pragmati s of staged
omputation

re ious or on the appli ations of logi al modal-
ities to staged omputation

ategori al models for multi-stage languages

ur stud has een onsolidated into a ne
for multi-stage programming alled

language

he main steps of multi-stage programming are

rite the on entional program

here isthet pe of the stati or no n pa-
rameters is the t pe of the d nami or un-

no n parameters and is the t pe of the result
of the program

dd staging annotations to the program to deri e

n partial e aluation this step is performed auto-
mati all and is no n as

o e er there are reasons for arr ing it out inter-
atiel see

ompose the annotated program
om inator

ith an unfolding

onstru t or read the stati

ppl the ode generator to the stati inputs to get

un the spe iali ed ode to re-introdu e the gen-
erated fun tion as a rst- lass alue in the urrent
en ironment



rb a t n MetaM the last step is

generall arried out in as he pro -
lem is that there is no general a for going from
MetaM s ode t pe to a MetaM  alue of t pe

e ha e not een a le to nd reasona le mod-
els here a fun tion - e ists  p-
erationall a ode fragment of t pe an ontain

free d nami aria les e ause the ode t pe of
MetaM does not pro ide us ith an information as
to hether or not there are free d nami aria les
in the fragment there isno a of ensuring that this
ode fragment an e safel e e uted

t the le el of language onstru ts MetaM pro ides
a onstrut un un allo sthe e e ution of a ode

fragment or e ample is ell-t ped and
e aluates to ut this onstru t has limited e pres-
si it eg the lam da a stra tion is not
t pa le  ithout su h a fun tion ode fragments de-

lared at top-le el an ne er e e e uted using ell-
t ped terms t the same time edont anta fun -
tionli e _ sin eit ould rea t pe
safet for MetaM
he ruial ad an e presented in this paper is
that there are useful models here a fun tion
_ e ists  afe- un has the same

operational eha ior that _ as intended to
a hie e namel ode he di eren e is
in the t ping of this fun tion n a nutshell -
allo s the programmer to e ploit the fa t that

e propose a re nement of multi-stage programming
ith e pli it assertions a out and here
these assertions are he ed  thet pes stem

rite the on entional program

a tl the same as efore

dd staging annotations to the program to a hie e

Imost the same as efore  he di eren e is that
the programmer must use the losed t pe onstru -
tor _ to demonstrate to the t pe s stem that the
annotated program does not introdu ean freed -
nami aria les his means that in onstru ting
the annotated program the programmer ill onl

e allo ed to use losed alues

ompose the annotated program
om inator to get

ith an unfolding

o) must itself e losed if e are to use it in-
side a losed alue thatis e useaslightl di erent
om inator _

urn the losed ode-generator into

his is done appl ing a  om inator

onstru t or read the stati inputs

his is similar to multi-stage programming ithe -
pli it annotations o0 e er re uiring the alue to

e losed is mu h more spe i than in the original
method  his means that eha etoma e sure that
all om inators used in onstru ting this alue are
themsel es losed

ppl the ode generator to the stati inputs to get

un the a o e result to get

his step e ploits an intera tion et een the losed
and ode t pes and it is performed appl ing a
fun tion -

orget that the spe iali ed program is losed

he step is performed appl ing a fun tion

arious e amples from an e full de eloped

in the language proposed in this paper  ut not
in the oret pes stem for MetaM
he paper is organi ed as follo s o egin e in-

trodu e multi-stage languages and re ie the onne -
tions that ha e een esta lished et een ode t pes
and logi al modalities



et eanal e froma ategori al point of ie the
and ho the interat orro ing
ideas from the or enton and others on ategor-
i al models for linear logi and more spe i all the
ad oint al ulus e gi e a de nition of hat
onstitutes a ategori al model for three
multi-stage languages namel and and
onsider some e amples
hen e in estigate the intera tion et een modali-
ties and sin e omputational
e e ts are a per asi e feature of programming lan-
guages n parti ular e re ne the interpretation of
in the presen e of omputational e e ts

tat . e introdu e notation and terminolog
used throughout the paper

ategories

e ts of the ategor

e ts in some ategor
he set of maps from to
un tors et een ategories

times omposition of fun tor
— ull and faithful fun tor

n ad un tion and are
the left- and right-ad oints

n nite se uen e

inite se uen e of length

hort for

hen is lear from onte t

he se uen e o tained

adding in front of

and  of
ie the
of

Multi-stage languages pro ide generi  onstru ts
uilding om ining and e e uting ode fragments
he three languages e ha e studied ha e the follo -

ing main features

pro ides onstru ts for uilding and then e -
e uting losed ode u h a language is useful in
ma hine- ode generation

pro ides onstru tsfor uilding and om in-
ing open ode fragments u h a language is useful

in high-le el program generation and in-lining

e tends pro iding an addi-
tional onstru t for the e e ution of ode fragments
and ross-stage persisten e  ross-stage persisten e
isthe a ilit to ind a aria leat stage and use
it at stage oth features are important for
pragmati reasons

and ha e lean logi al foundations
thereisa urr - o ardisomorphism et een and
linear time temporal logi and et een  and modal
logi emphasi es the pragmati impor-
tan e of einga leto om ine
e aluation under lam da or s m oli
tion and eing a le to e e ute ode
nation of these three goals is not a hie ed either

or separatel ee t the same time
MetaM had no logi al foundations nor the formal h -
giene that su h foundations often promote or e am-
ple ould onl a oid the e pressi it pro -
lem of un through e tensions see hi h
demanded deeper in estigation and possi 1 simpli -
ation

omputa-
he om i-

has the follo ing t pes

ie aset pes fun tions
losed alues

open
he s nta of

ode fragments and
is as follo s

he rst four onstru ts are the standard ones in a
- al ulus ith onstants ra et and s ape al-
lo uilding and om ining open ode ra ets on-
stru t ode and s ape spli es a ode fragment into
the onte t of a igger ode fragment  term su h as
ields hen e al-
uated pallo sustousean o ede pression at a
higher le el thus pro iding ross-stage persisten e for
0 ed- alues he lose- ith onstru t asserts that
is losed e ept for a set of aria les ea hof hih
is ound to a losed term pen forgets the losed-
ness assertion on inall afe- une e utesa losed
ode fragment and returns a losed alue

he t pe s stem of is gi en in igure p-
ing udgments ha e the form here
and is a natural alled the of



if

igure pe stem

the term  he le el of a program fragment ie asu -
term of a losed term is determined the onte t
namel it is the num er of surrounding ra ets less
the num er of surrounding s apesand ps he ig-
step operational semanti s of isgi enin igure

he set of alues for is de ned as follo s

n this se tion e de ne hat is a model of see

e nition e ignore omputational e e ts and
fo us instead on the underpinning
this multi-stage language

tat . euse the - pre to indi ate an
- ategori al notion eg ategor fun tor monad
ad un tion spe iali ed to the - ategor of ategories
ith nite produ ts and fun tors preser ing them
imilarl e use the - pre to indi ate an
- ategori al notion spe iali ed to the - ategor of

artesian losed ategories and fun tors preser ing the

stru ture
ar . n -ad un tion is simpl
an ad un tion su h that the left ad oint is an -

fun tor

e nitions and re ast in ategori al terms the
orresponden e esta lished a ies and fenning
et een igure  and linear time temporal logi
and et een igure and  modal logi
t
ar . he pattern for interpreting is to
interpret a t pe ano et of namel
and
and a term a map in
he properties of ensure that one ma safel onfuse

ith his iso formali es
the propert of  in linear time temporal logi and
as also o ser ed in

t
ar . hede nition of -model is onsistent
ith the topos-theoreti approa h to modalities of
he -ad un tionindu esan on
is all that is needed for interpreting nfat
at pe isinterpreted ano et of  namel
and
and a term is inter-
preted a map in

he separation of t ping onte ts in t o parts is not
nfa t thereisa ie tion modulo semanti

e ualit et een terms of the form
and those of the form gi en
analog ith the ad oint al ulus one ma

onsider a ariant of in hi h the ategor and
onte t separation ha e a more prominent role



igure

n the losed t pes and open ode t pes oe ist
so the e point is to larif ho the modalities of
and intera t he asi ideaisthata -model is
a -model here the ategor has the stru ture of
a  -model rt o formali e this
notion of parameteri ation e introdu e the follo ing
au iliar de nition

t .
simple at

id

e ause the a tion on o e ts of
is the identit

is alled simple
the su stitution fun tor

r st

ig- tep perational emanti s of

ntuiti el the ategor isthe here
a tual e aluation ta espla e hile isthe

here one an de nes m oli e aluation he
fun tor sa sho the losed uni erse em eds
into the open one and is the e data for de ning the

parameteri ation of

ar . e or mainl in therefore e

rite  for fun tor on orresponding to ia the
isomorphism of ategories urthermore e
rite for hen sin e the

a tion on o e ts ut not on maps of the fun tors
is independent of
he pattern for interpreting is li e that for
has no splitting of onte ts li e in ie a

t pe isinterpreted ano et of  namel
and
here is the - omonad indu ed the -
ad un tion and a term is
interpreted  a map in
n -model supports oth ross-stage persisten e

for a restri ted lass of t pes in luding the losed
t pes and the possi ilit of e e uting losed ode



r st r ss sta rsst c¢
anoni al
r e ha e the natural isomorphisms note that
the ad un tion is not used

de nition of
is full and faithful

e ause is a

e ause
-fun tor

de nition of

e de ne as the map orresponding
to the identit o er hen in general is
not an iso ]

r st

anoni al
r e ha e the natural isomorphisms
de nition of
e ause is full and faithful
e ause is a -fun tor
de nition of

e de ne as the map orre-

sponding to the identit o er hen

hile the in erse of is the map orresponding
to the identit o er hen 1

e gi e e amples of -models parameteri ed rt
a ategor ma ing e pli it hat additional stru -
ture or properties are needed on  in ea h instan e

or ea h e ample e de ne the ategories and

and the a tion on o e ts of the fun tors and
a . et e the set of naturals i ena
ith -inde ed produ ts ta e
and heneano et is a

se uen e
is a se uen e

and a map

here is the terminal o e t of

ie the se uen e hihis on-

stantl hile

ponentials in  are de ned point ise in terms of
e ponentialsin e

a et e the ategor of natural

num ers ith the re erse order ie

iena ith nite and -limits ta e
and hen e a map

amounts to a ommuting diagram

hilean o e t of isase uen e of mapsin

here is the map in
id ie these uene hih
is onstantl id hile lim

ut e is-
ensures that

ponentials in  are not de ned point ise
ten e of e ponentials and nite limits in
has e ponentials and nite limits n this model

e ha e a natural transformation namel

and hi h
pro ides ross-stage persisten e for ar itrar t pes

inall egi eane ample hi his otha - and
-model utfailsto ea -model More pre isel
it has the stru ture of a -model ut the -inde ed
fun tor fails to e full and faithful so e do not
ha e the iso of roposition
a . iena ith nite limits ta e
and
here is the terminal o e t of
ie forget the maps
hile ith the o ious pro e tion



if

here and
igure ure nterpretation in -Models
he a tion of on maps of sends ien e de ne
to here and
id
. . here e e ploit that preser es nite produ ts
t is eas to see that is a -fun tor on
ut it fails to e full and faithful unless all ~ are isos in e preser esthe
ore ui alentl oth epis and split monos n fa t if stru ture is the iso
is not epi then e ist and
su h that ut ne an sho ine pre-
that is not faithful ie ut ser es the stru ture is up to iso an in-
ta ing for and stan e of e aluation
n the other hand if
is not a split mono then one an sho that is here is the
not full  ta ing for and o-unit of the o-monad
here
and is the o-

e ha e alread gi en the interpretation of t pesin a
-model ithout omputational e e ts namel

and

his se tion gi es the orresponding interpretation of
terms efore doing that e introdu e some au il-
iar maps in hi h simplif the de nition of the
interpretation and larif the similarities ith the in-
terpretation of the simpl t ped - al ulusin a

multipli ation of  and e e ploit that and

preser e nite produ ts

here is the

map of roposition
here
is the iso of roposition

igure de nes the interpretation of a ell-formed
term indu tion on the t ping deri ation
in the t pe s stem of igure



e ha e gi en a simpli ed interpretation of and
its multi-stage su -languages in the a sen e of
his interpretation is the analog of
the interpretation of the simpl t ped - al ulusin a
o e er e are interested in multi-stage pro-
gramming languages li e
and here logi al modalities oe ist
ith omputational e e ts n this se tion e de ne
-models and gi e a monadi inter-
pretation of in su h models e tending the inter-
pretation s et hed in

t

ar . he intuition here is that the strong
monad models on entional omputations ie
those at le el taged omputations are a hie ed
an alternation of and namel e de ne the

t pe of sta c tat soft pe as
n general is not a monad ho -

e er the natural transformations and for in-
du e natural transformations and

re nes the iso
orresponding to preser ation of e -
ponentials is essential to de ne the inter-
pretation of -a stra tion at le el and also to
de ne the analog of for
namel

he iso

he natural transformation and its
properties an eintuiti el wusti ed asfollo s hin
of as the su set of alues of t pe ithout free
d nami aria les so issa ing that a omputation

ithout free d nami aria les is guaranteed to re-

turn a alue ithout free d nami aria les is

essential for interpreting afe- un and lose- ith
ample fails to e tend to a monadi -model
for monads as simple as lifting e ause  does not
eists o eer e ane tend the -model of -
ample
a . 1 en a strong monad oer suh
that

preser es pull a s and the ommuting s uare

is a pull a here and
preser es -limits
the indu ed strong monad o er ie

satis es the additional re uirements for ha ing a
monadi -model namel

the rst propert of o0 er ensuresthee isten e

of the iso e ponentials in
are omputed using e ponentialsand pull a s

in

allo sustode ne

as the
-limits

the se ond propert of o0 er
the natural transformation
iso orresponding to preser ation of

ar . Man monads o er the ategor of pos
e g lifting satisf the additional properties re uired
in ample moreo er se eral monad transformers
eg for adding a glo al state or e eptions preser e
su h properties o e er there are monads hih
fail to satisf the additional properties nota 1 po er-
domains and ontinuations



tr r tat

t S. t pe is interpreted

as usual ano et of namel

n a monadi
is interpreted

-model a term

a map in

ar . hisinterpretation is a of the
interpretation gi en in e tion hi h is re o ered

repla ing

the monadi

ith the identit monad and it

interpretation of the simpl

t ped - al ulus in a ith a strong monad

A ar a s.

e introdu e some au iliar

maps in see also otation similar to those

gl en in e tion

ne

here

nite produ ts

here

the o-unit for

ien e de-
indu tion on

is gi en
and ee ploit that preser es

isgi en  indu tion

is the unit of the monad

isgi en  indu tion

here
is e aluation

here is

here and is the o-
multipli ation for and ee ploit that preser es
nite produ ts

here
is the map of roposition
here is the iso of roposi-
tion
t r r tat t r s. igure de nesthe
interpretation of a ell-formed term in-

du tion on the t ping deri ation in the t pe s stem of
igure

ear hing for a ategori al semanti s of has
ene ted us in anum erof a s

t has suggested simpli ations and e tensions e

ha e simpli ed thet pes stem of and pro-
posed an e tension ith alled

see is the result of further simpli ation
of and the asso iated model

plaining multi-stage languages in terms of more

primiti e on epts namel modalities in the
sense that the modalities are hara teri ed uni-
ersal properties and e

ha e sho n that a simple intera tion et een the
t o modalities in our models a. ounts for e e ution
of losed ode inall e ha e pointed out hat
inds of omputational e e ts should ee pe ted to
integrate easil  ith multi-stage languages

e entl e presented n deali ed MetaM
hi h e tends ith an analog of the
o t pe of ielding a more e pressi e language
et has a simpler t ping udgment than e
ha esho nthat e anem ed all three languages into
an e ie edasa ut-do n ersion of
hi h e elie eissu ientl e pressi e for the pur-
poses of multi-stage programming
he losed t pe onstru tor of is essentiall a
stri t ersion of the o t pe onstru tor of n
the o onstru t dela ed its argument o the
programmer this meant that there eret o ode



if

here

igure  Monadi

t pes  his auses some onfusion from the point of
ie of multi-stage programming e ause manipulat-
ing alues of t pe ould eread as losed ode
of open ode of ot onl is this a um ersome
reading it ma es it harder for the programmer to
reason a out omputations are performed n
e ha e made the pragmati de ision that losed
should not dela its argument and so t pes su h as
an e read as simpl losed ode of n
other ords e propose to use the e essit modal-
it onl for asserting losedness and not for
e aluation
nother di eren e is that
the three languages that

as a superset of
e had studied ie

and hile is e ha e sho n that
an e em edded into the of
and into the his esta lishes a

strong relation et een the losed ode and open ode
t pes of and the e essit and e t modalities
of modal and temporal logi he em edding of
and in an e turned into an em edding in
the em edding of needsto emodi edtota e
intoa ount the fa t that losed in isstri t ie it
does not dela the e aluation of its argument n the
other hand the em edding of in
e adapted for the follo ingt o reasons

does not ha e full ross-stage persisten e ot
ha ing ross-stage persisten e simpli es the model
t the same time from the pragmati point of ie

nterpretation in

and

-Models

ross-stage persisten e for losed t pes is su ient

doesnotha e un e erenota leto nda
general ategori al interpretation for this onstru t

though  sho sho tointerpret wun in t
the same time the pragmati need for un disap-
pears in the presen e of -

Ac t. e ould to than a oft

mem ers for their omments on the di erent drafts
of this paper e ould alsoli e to than the referees
for their suggestions and orre tions

enaissa Moggi aha and heard

ategori al anal sis of multi-le el languages

e tended a stra t e hni al eport - -
regon raduate nstitute e em er

enton mi ed linear and non-linear logi
roofs terms and models

enton and adler inear logi mon-
ads and the lam da al ulus n e
runs i e erse ul

omputer o iet ress



a ies  temporal-logi approa hto inding-

time anal sis n e runs i e
erse ul omputer o iet ress

a ies and fenning modal anal-
sis of staged omputation n

t eters urg ea h lorida anuar

Martini and  Masini omputational inter-

pretation of modal proofs n ansing editor
lu er

Masini - e uent al ulus ntuitionism and

natural dedu tion

Moggi  otions of omputation and monads

Moggi ategori al a ount of t o-le el lan-
guages n
Moggi aha enaissa and heard

n ideali ed MetaM impler and more e pres-
si e in ludes proofs e hni al eport - -
regon raduate nstitute to er

Moggi aha enaissa and heard
n ideali ed MetaM impler and more e pres-
si e in ludes proofs n

olume of
pringer- erlag

e esand olfaghari opos-theoreti ap-
proa hes to modalities n ar oni edi -

hio and osolini editors
olume of pringer-

erlag
aha

h thesis regon raduate
nstitute of ien e and e hnolog  une
0 appear

aha enaissa and heard Multi-stage
programming iomati ation and t pe-safet
n al org enmar

aha and heard Multi-stage program-
ming ith e pli it annotations n M

aha and

heard MetaM and multi-stage program-
ming ith e pli it annotations e hni al eport
- - regon raduate nstitute anuar

if or
igure pe stem
if
igure pe stem
if and
igure pe stem igure
if and
igure pe stem igure



igure

or ompleteness this appendi reprodu esthes nta
and t pe s stem of the multi-stage languages
and see for details

e adopt the follo ing uni ed notation for t pes

ie aset pes fun tions open ode fragments and
losed ode fragments

of features fun tion and
ping udgments ha e the form
he s nta for

losed ode t pes
here
is as follo s

he t pe s stem of is gi enin igure
and feature fun tion and open ode
t pes ping udgments ha e the form
here and is anatural alled the
of the term  he s nta for is as follo s
uses a more rela ed t pe rule for ari-
a les than in that aria les an e ound at a
le el lo er than the le el here the are used hisis
alled ross-stage persisten e urthermore
e tends the s nta of to
e tends ith an analog of the o

t pe of ielding a more e pressi e language and
et has a simpler t ping udgment than he

ig- tep perational emanti s for

in luding and

s nta of e tends that of as follo s

un- ith generali es un of in that it al-
lo s the use of additional aria les in the od of

if the satisf ertain t ping re uirements

he t pe s stems of and are gi en
in igure and hile the ig-step operational
semanti s of and its su -languages is in igure

e state some te hni al lemmas for hi h are
adaptations of those esta lished for in he
are needed to esta lish u et edu tion

irst the properties of the t pe s stem

a . a
fresh
r st bstt t
r indu tion o er the deri ation of the udg-
ment 1

e ond the properties of the operational semanti s

a . a S



r he rstis indu tion o er the deri ation of
hese ondis indu tion o er the deri ation

of I
n one annot de ne demotion as in his

isnot a pro lem sin e the emotion emma as used
onl in the ase of u et edu-

tion for
r st . ct
r he rstis indu tion on the deri ation of
and aseanal sison he se ond
is  indu tion on the deri ation of ]
a . rt at
r ri ial from the de nition of alues ]
r . r sr at
r ndu tion on the deri ation of he
ase for appli ation uses u stitution he ase for

p in ol es rthogonalit e e tion ea ening in
addition to appl ing the indu tion h pothesis he
ase for afe- unin ol es e e tion 1

n this se tion e illustrate the multi-stage program-
ming approa h as presented in the introdu tion su -
se tion e appl the approa h to the po er fun -
tion de ned re ursi el as follo s

irst e de elop the e ample in and sho
the limitations of its t pe s stem hen uilding and
e e uting ode are om ined in one fun tion  hen

e de elop the same e ample in sho ingho the
pro lems are o er ome he e amples are ritten in

M s nta e tended ith multi-stage annotations

nnotating the fun tion ith staging annota-
tions re uires anal sis of the program ith respe t
to stati and d nami omputations he anno-
tations distinguish omputations that an e per-
formed using onl the stati argument stati om-
putations and omputations that need to e de-
la ed to the ne t stage d nami omputations

ome or all of the program might e reformulated
to impro e the wualit of the generated program

or instan e the fun tion has eenre ritten in
order to a oid ode dupli ation

he third step onsists onl of the omposition of
the fun tions and he fun tion is
pol morphi in the s stem hi hhas een
e tended to support indle -Milner pol morphism
his e tension is e ond of the s ope of this paper

o e spe iali e the fun tion to a spe i
e ponent in our ase he generated ode is
prett printed S stem

nfortunatel as de ned elo annot e
t ped in the ore t pe s stem e ause
the un onstru t disallo s the use of free aria les
su h as




ut-and-paste of the generated ode allo s us to
run it e o tain the fun tion of t pe

he fun tion a o e annot e e pressed in
the s stem e ause of the free aria le
and omposes the spe iali ation of the

program on the rst argument and the e e ution of
the spe iali ed ode on the se ond argument o -
e er fails to pro ide su h desira le fun -
tions in a multi-stage programming language

nnotating the fun tion in is similar to
ut a it more tedious than e
need to tell the t pe s stem that the fun tions
and are losed ote that uses the fun -
tion hi h also needs to e of losed t pe in
order to e used ithin a losed e pression

his step is also similar to n e need
to ompose t o losed fun tions e use for the
om inators - of t pe
for omposition

he ne t step onsists of the distri ution of lose
t pe in order to e tra t the stati argument

o e appl the stati argument hi h is
he spe iali ed ode is the result of this appli ation

e e e ute the ode using the - onstru t
he result of this e e ution is a fun tion of t pe

inall e forget that - is losed us-

ing the onstru t

n ontrast to an e e pressed in

t rst spe iali esthe program on the e ponent

then e e utes the spe iali ed program on the se ond
argument



o on lude the om ination of the onstru tion
and e e ution of ode ithin one fun tion is the ma-
or ontri ution of o er he pri e of
a hie ing this om ination is a it more um er-
some s nta ti sugar
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