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Abstract. We classify component-based models of computation into compo-
nent models and interface models. A component model specifies for each com-
ponent how the component behaves in an arbitrary environment; an interface
model specifies for each component what the component expects from the en-
vironment. Component models support compositional abstraction, and there-
fore component-based verification. Interface models support compositional re-
finement, and therefore component-based design. Many aspects of interface
models, such as compatibility and refinement checking between interfaces, are
properly viewed in a game-theoretic setting, where the input and output values
of an interface are chosen by different players.

1 Interfaces vs. C nents Infr a

A generic a of de icings s em s ruc ureis he loc diagram. A loc dia
gram consis s of en i ies called loc srela ed anin erconnec  hichs eci es
a o olog for communica ion e een he loc s. A loc ma re resen a h s
ical or logical com onen such as a iece of hard are or sof are u i more
of en re resen sei her an a s rac descri ionof he or a descri ion
of he com onen . A com onen descri ionans ers he ues ion
an in erface descri ion ans ers he ues ion

A com onen descri ionma e er close o he underl ing com onen or i
ma s ecif asli leasasingle ro er of heunderl ing com onen . n erface
descri ions oo can e more or less de ailed u he mus con ain enough
informa ion for de ermining ho he underl ing com onen s can e com osed
and connec ed and li e an good a s rac ion he should no con ain more
informa ion. om onen designers of en ma e assum ions a ou he en iron
men in hich a com onen is o e de lo ed and such assum ions hile no
ar of he com onen i self and herefore no ar of an a s rac com onen
descri ion can e ar of an in erface descri ion.

om onen s do no cons rain he en ironmen in erfaces do. onsider for e
am le adi isioncom onen ihinus and andou u . u ose ha
our descri ion language is he redica e calculus. The redica e
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isadescri ionof hedi ision com onen . doesno cons rain heen ironmen

u descri es he eha ior of he com onen in an ar i rar en ironmen for
allin us and if hen he ou u is . A more a s rac
descri ion of he same com onen migh e

con ras he redica e

is a descri ion of he in erface for he di ision com onen . descri es an e
ec a ion hecom onen hasa ou isen ironmen in u ise eced o ea
real andin u ise eced o earealdi eren from . wuch a cons rain on
he en ironmen is called an . ince heen ironmen consis s of
0 her com onen s a useful in erface descri ionno onl cons rains he en iron
men u also o ers s mme ric informa ion a ou he underl ing com onen
hich can hen e com ared agains hein u assum ions of in erfaces for he
en ironmen com onen s. The reci rocal informa, ion is called
inour e am le i is ou u is guaran eed o e a real. A more de ailed
in erface descri ion for he di ision com onen migh e

hile he com onen descri ion asser s ha he en ironmen ro ides
ro erin us he com onen roduces he desired resul he in erface
descri ion asser s ha he en ironmen ro ides ro er in u s he

com onen roduces he desired resul .

The informal li mus es a lies na urall

oman o ens sems ie. s sems ihfreein us and o ens s em descri

ions. or ins ance a h sical circui is a com onen ecause i eha es or
mis eha es someho in all en ironmen s he in assignmen of a hard are
chi is an in erface ecausei usane ecaionon he a in hich he
chi isde lo ed. The od ofa ascal rocedureisacom onen is arame er
declara ion is an in erface. An au oma on is a com onen an in erface
au oma on hich has he sames n a asan au oma on is an in erface.

om onen s and in erfaces ha e di eren  ell formedness cri eria. The ell
formedness cri erion for com onen s is

no her ords acom onen redicaeis ell formedifi is ruein en iron

men s. This cri erion e resses he fac ha he com onen does no cons rain
he en ironmen and roducesanou u inanar irar en ironmen . The ell
formedness cri erion for in erfaces is



n o her ords an in erface redica e is ell formed if i is rue in en
ironmen . An en ironmen ha ma es he in erface redica e rue and hus
ena les he roducion of an ou u is called a hel ful en ironmen . The
ell formedness cri erion e resses he in u assum ion ha he en ironmen
is hel ful. n u uni ersal s.in u e is enial in er re a ions of 0 ens s em
descri ions ha e also een called he en ironmen is allo ed o e
ar irar S. he en ironmen ise eced o ehel ful a roaches
o he modeling of 0 en s s ems

om osi ion is a ar ial func ion on com onen s ecause he
resul of u ing oge her o ell formed com onen s ma no e ell formed.
Ho e er as nei her com onen cons rainsi sen ironmen in man com onen
models here are sim le cri eria  hich ensure ha an 0 com
ai lecom onen scan ecom osed. ors nchronous com onen models com
osi ion can e more in ol ed ecause of he ossi ili of circular de en
dencies for e am le an in er er com onen canno e com osed
ihanideni com onen des ie hefac ha o hare ell formed.
The com osi ion of mus resol e o hin u assum ionsand ou u
guaran ees o ell formed in erfaces can e com osed if he mu uall
sa isf heirres eci ein u assum ions and he com osi ion  hich ma
s ill ha e free in u s is again a ell formed in erface. n erface com a i ili
can e ie edasagame e een he o in erfaces and heir en ironmen he
en ironmen a em S o ehel ful and mee hein u assum ionsof o hin
erfaces hein erfacesa em o re en his. f heen ironmen hasa inning
sra eg in hisgame hen he he oin erfacescan ecom osed ecause hen
he com osi ion has again a hel ful en ironmen .

n he formal rea men elo es li com osiionino o0 o eraions one
for collec ing se s of loc s i.e. com onen s or in erfaces and he o her for
rela ing hem an in erconnec . This se ara ion hich is ins ired loc
diagram languages or hogonalizes concerns and hus guides and sim 1i es
he resen a ion.

Hierarchical loc diagrams su or a s rac ion and re nemen .
A sracion allo s a loc diagram o e com ressed in o a single loc re
nemen allo sa loc o ee andedinoa loc diagram. The hierarchical
rela ionshi e een loc sis onin usand ou us amorere
ned descri ion of an 0 en s s em ma ma e ea erin u assum ions and
s ronger ou u guaran ees han a more a s rac descri ion of he same s s
em. orcom onen s hichma enoin u assum ions a s rac ionis herefore
ea ening such as im lica ion or race con ainmen or simula ion and re ne
men is s reng hening. or in erfaces hich do ma e in u assum ions hier
arch main ains i s con ra arian charac er and can e de ned as al erna ing
race con ainmen or al erna ing simula ion

om onen § icall su or for o com aile
com onen s and if can ea sraced o and can e a s rac ed



o hen and are again com a i le. This is ecause for com onens a
s rac ion is ea ening sa im licaion and com ai ili sa nonem iness

of con unc ion is made more li el ea ening. om osi ional a s rac ion is
he asis for com onen ased me hods hich roceed o om u
from a s s em descri ion and re uire he follo ing in order o ro e ha he
gl ens s em re nes hes eci ca ion isu ces o ro e
ha he com onen re nes he arials eci caion and ha re nes

Assume guaran ee rules for com osi ional eri ca ion are more ela orae u
ha e he same direc ion gi en he com osie s sem if e esa lish

ro er iesof he com onens hen e can conclude ro er ies of he com osi e
S S em.

n erfaces conras can emade osu or hich
is he o osi edirecion ofa s racion for ocom ai lein erfaces and
if can ere ned o and can ere ned o hen and  are again

com ai le. This is ossi le ecause for in erfaces re nemen ea ens in u
assum ions and huscanma ecom ai ili moreli el . om osi ional re ne
men is he asis for com onen ased hich roceeds o do n from
an in erface descri ion and re uires he follo ing in order o re ne he gi en
in erface o ards an im lemen a ion i su ces o re ne
and sa o and res eci el  hen he re nemen s and are
com ai leand heir com osi ion re nes he in erface . e resen se eral
in erface formalisms ha ermi com onen ased design in his sense.

ormalism ena les ool su or . ormal com onen models can
su or com osiional eri caion i halgori hmic oolsfor com onen a s rac
ion chec ing e.g. model chec ing . ormal in erface models can su or
com osi ional design i h algori hmic o0ls for in erface com a i ili chec ing
and in erface re nemen chec ing. n erface models are  icall less am i ious
and smaller han com onen models hichof ena em oca ure eha ioral
as ec s of he underl ing com onen s for eri ca ion. ormal in erface models
in general and au oma ic com ai ili chec ing in ar icular herefore o er
ano or uni for formal me hods o succeed and ha e rac icalim ac on he
design rocess.

hile formal com onen models e.g. and informal in erface models
e.g. a ound formal in erface models are less common. o a lee am les
are and o h of hich com ine according

oour erminolog com onen andin erface as ecs. os formalisms ho e er
limi hein u assum ions o assum ionsa ou he esofin u alues. n
rac ice on he o her hand designers ma e much richer in u assum ions.
ore am le an o ec orien ed sof are designer of a class i h an ini ializa
ion me hod and o her me hods ma re uire ha he ini ializa ion me hod is
called efore an of he o her me hods is called. uch em oral ordering as
sum ions can e ca ured a formal in erface model for
as nchronous com onen in erac ion . An em edded sof are designer of a
con rol as ma assume ha asensorin u isu daed 1ih acer ainfre uenc



an assum ionon he lan or ha he as has acer ain ors casee ecu
ion ime an assum ion on he hard are or ha he as nishes e ecu ion

i hin a cer ain ime ound an assum ion on hard are and scheduler . uch
real ime assum ions re uire a rich in erface model ih iming assum ions
and iming guaran ees hich has o ai forlaer or . n his aer ela

he founda ion for in erface formalisms  de ning he frame or and resen
ing a fe formal in erface models called for sim le inds of
s nchronous com onen in erac ion.

Interfaces vs. C nents r a
e ca urehierarchical loc diagrams formall ama hema icalo ec called
loc alge ra. A consis s of
A se of
or each loc a se of LA isa ed aria le. e assume

ha all es are nonem and rie for he eof or

A ar ial inar func ion called ma ing o locs and
oa loc . ere uire ha if he com osi ion is de ned hen
e also re uire ha com osi ion is commu a i e and
associa i e if is de ned hen is de ned and e ual o
if isde ned hen is de ned and e ual o

n o her ords com osiion is a ar ial func ion ha ma sase of loc s
o a single loc .

A arial inar funcion called ma ing a loc and an
in erconnec oa loc . An is a se of channels and a
is a air consis ing of a or  called and a or
called such ha . 1 en anin erconnec e rie
for he se of sources for he se
of arges and for he redicae . ere uire ha if he
connec ion is de ned hen . e alsore uire ha if

hen is de ned and e ual o

A inar rela ion called e een locs. f hen he
loc is said o he loc and is said o . e
re uire ha isre eieand ransii e.

e dis inguish e een loc alge ras hose loc s re resen in erfaces and
loc alge ras hose loc s re resen com onen s in erface alge ras su or
o0 do ndesign com onen alge rassu or o omu eri caion.To do n

designi erai el re nesa loc inoa loc such ha o omu
eri caionieraiel a sracsa loc inoa loc such ha A
loc alge raisan and he loc s are called if oh

of he follo ing



or all in erfaces and if is de ned and hen is
de ned and .
or all in erfaces and and all in erconnec s if is de ned and

hen is de ned and
A loc alge raisa and he loc s are called if

o h of he follo ing

or all com onen s and if is de ned and hen is
de ned and .
or all com onen s and and all in erconnec s if is de ned and

hen is de ned and

n erfaces and com onen s are rela ed im lemen a ions. i en an in erface
alge ra  and a com onen alge ra  an isa i
nar rela ion e een he com onen sof and he in erfaces of such ha
for e er in erface here e is s a com onen ih ha is e er
in erface can e im lemen ed. f hen he com onen is said o

he in erface and is called an . om onen ased
design is su or ed com osi ional im lemen a ions. The im lemen a ion
is if all of he follo ing

orall com onens and of and allin erfaces and of if
and and is de ned hen is de ned and
or all com onens of allinerfaces of and all in erconnec s  if
and is de ned hen is de ned and
or all com onens of and all in erfaces and of if and
hen

f is an in erface alge ra a com onen alge ra and a com osi ional

im lemen a ion of hen he air is called an

for . There ma e se eral in erface heories for a com onen alge ra. i en
o in erface heories 1 1 and 2 o for he com onen alge ra he

heor 5 o i8 he heor 1 1 if hereis afunc ion

from he in erfaces of 1 o hein erfaces of 2 such ha all of he follo ing

or all in erfaces and of  if is de ned hen is
de ned and e ual o .
or all in erfaces of 1 and all in erconnec s  if is de ned hen
is de ned and e ual o
or all in erfaces and of ; if hen
or all in erfaces of { and all com onens of if 1 hen

2

u ose ha e an

o design a com onen ha im lemen s agi enin erface . An in erface heor

allo sus os li he design as in o a num er of su as s handled inde
enden designers. e can re ne he in erface  in o an in erface of he form
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. . Component-based design refinement using an interface theory

1 ha is he loc is re ned in o loc s ha are connec ed
ase of channels cf. igure .Thene in erfaces 1 o can e handed

o o di eren designers. u ose ha he rs designer uilds a com onen
1 ha im lemen s he in erface ; he second designer u s o he shelf a
com onen 5 ha im lemens 5 ec. Then he in erface heor guaran ees

ha he com onen s can e com osed and connec ed o form he s s em
1 and hiss s emim lemen s hegi enin erface . a hema i
call if 1 and for all hen .

ore generall such a com osi ional design rocess can roceed hrough mul i
lele elsof re nemen . i en oin erface heories ;1 1 and o o fora
com onen alge ra if o o isase ressiefor as 1 1 haneer
com osi ional design rocess ha is carried ou in he in erface heor 11
can also e carried ou in he in erface heor 5 9.

An in erface heor also su or s he com onen ise e olu ion of a design.

u ose ha hessem im lemens heinerface . f e an
o re lace a com onen ano her com onen and e are gi en he
corres onding in erface hen eneed o ensure onl in order o u
oge her are iseds sem ha im lemen s
u ose ha
e an o erif ha agienssem sa is es a s eci ca ion

hichma eamorea s rac descri ionof hes sem ora ro er of hes s
em. A com onen alge raallo sus os li he eri caion as in oanum er
of su as s of smaller com le i . e can es a lish inde endenl he roof
o liga ions ha each com onen sa is es a corres onding s eci ca ion
Then he com onen alge ra guaran ees ha he arials eci caionscan e
com osed and connec ed o form a single s eci ca ion hich i
remains o esho n im lies hegi ens eci caion . a hema icall if
for all and 1 hen . ore generall
such a com osi ional eri caion rocesscan roceed hrough mul i lele els of
a s rac ion.

e tate ess Interface e ras

e egin considering some e am les of in erfaces i hou s a e and defer
inerfaces ihsae o ecion . a eless in erfaces ma of course e im le



men ed s aefulcom onens. ore am le hile he arame er declara ion of
a ascal rocedureis a s a eless in erface similar o he s a eless in erfaces
de ned elo he od ofa ascal rocedureis acom onen ha icall has
sae eg. local aria les. e discuss hree classes of s a eless in erfaces

. An cons rains he en ironmen of a com onen
s ecif ing henamesand esofin u ors. mmericall i ro ides
he same informa ion a ou ou u or s.
. An A is an in erface ha cons rains
in addi ion he ranges of aluese eceda in u ors. mme ricall i
ro ides range informa ion a ou ou u ors. Thee am le

from he in roduc ion is a s a eless A in erface.

A is an in erface ha cons rains hich
ou u orsma in uence he aluesa hichin u ors. mme ricall
i ro ides de endenc informa ion e eenin u andou u ors.

A consis s of a se of ase of
dis oin from and a se of . The a aila le or s
are reser ed names for choosing ou u ors hen re ning he in erface he
are used o ensure ha hene er o0 in erfaces are im lemen ed inde enden 1
ocom onens hen hecom onensha edi eren ou u ors. Le

and
is de ned i . Then and
and
is de ned i and for all
channels if hen ha is o channels
canno ha e he same arge . Then and and
i and and . oe he
conra ariance e eenin usandou us acom onen ha im lemen s a
re nemen of hein erface ma no useallin u orsin u i mus
ro ide aluesa allou u orsin ecause hosema ee eced

he en ironmen .

A consis s of a s a eless in erface
asais a le redica e on called and asais a le



redica e on called .Thein u assum ions eci es he
alue com ina ionsa hein u ors hich a com onen ha im lemen s he
in erface mus acce and heou u guaran ees eci es he aluecom ina ions
a heou u ors hichsuch acom onen ma roduce.

is de ned i is de ned. Then and

is de ned i is de ned and he in u assum ion

as de ned ne issais a le. Le and

. The in u assum ion saes ha acom onen ha

im lemen s he in erface e ecsin usso ha hein u assum ion of

issais ed ro ided heou u s of some of hich ma e connec ed
oin us dono iolae heou u guaran ee of

i he in u assum ion is im lied

and he ou u guaran ee im lies . oe he conra ari

ance e eenin u assum ions and ou u guaran ees a com onen ha
im lemen sare nemen of hein erface mus e re ared oacce allin
us ha saisf hein u assum ion andi ma roduceonl ou us
ha sa isf heou u guaran ee

onsider hes a eless A in erface ih oinu ors and
and an ou u or all in eger alued. The in u assum ion is

ha is heen ironmen ise eced o ro idein u aluesso ha
ei her he alue is di eren from or ohin u alues are . Theou u

guaran ee is ha is acom onen ha im lemens ma roduce
an in eger ou u . The connec ion ih is legal i.e. de ned
as he en ironmen of doesno mno  he her or no he aluea is 0
e on he safe side i mus ro ide he alue a he remainingin u or
ha is . inceno oh and areou u ors ehae

. The connec ion ih isalsolegal o eon he
safe side heen ironmen mus ro idea aluedi eren from a he remaining
inu or ha is and

The s a eless A in erface is us lie e ce ha i has he s ronger

ou u guaran ee ha is a com onen ha im lemen s is
guaran eed o roduce an ou u alue di eren from . The in erface has
fe er im lemen a ions han indeed re nes . onse uenl he con
nec ion ih is s ill legal in fac as is guaraneed o e
di eren from he en ironmen is free 0 ro ide an in u alue a ha
is and . Also he connec ion ih

is s ill legal and . oe
ha oh and as redic ed.

onsider hes a eless A in erface ih oinu ors and
and oou u ors and all oolean alued. The in u assum ion is



and he ou u guaran ee is ha is heen i
ronmen ise eced o roidee ualin u aluesa and and he com o
nen guaran ees heou u aluesa and o e e ual. The connec ion

ih is legal here are no more in us and
.Ho e er heconnecion ; ih ;

is illegal i.e. unde ned ecause here is no condi ion on he remaining in u

ha  ould guaran ee ha . The connecion 5 ih o is

similarl illegal. This sho s he need for considering of channels as in er
connec s ra her han considering indi idual channels one a a ime.

A consis sofas a eless in erface
and an .nuiiel means
ha he aluea in u or canin uence he aluea ou u or

is de ned i is de ned. Then
isde nedi is de ned and for all channels
eha e . noher ords he or de endencies in roduced
he in erconnec mus no close a de endenc c¢ cle. Le
e he smalles ransii e rela ion such ha and . Then
i and . noher ords a
com onen ha im lemen s a re nemen of he in erface mus no ha e
more de endencies han ermi ed he de endenc rela ion .1
e C nent e ras

or each in erface alge ra  from he re ioussecion e gi eane am le of
a com onen alge ra such ha here is a com osi ional im lemen a ion
of .All e am les of com onen alge ras resen ed here are i.e.
se s of a omic loc s called rocesses hich are connec ed channels. n he
mos general case each rocesss eci esanonem relaion e eenin u and
ou u ors. ucharelaional ne is ell formed if heree is or alues ha
sa isf he rela ions of all rocesses and all iden i ies enforced  channels.
The s a eless in erfaces he s a eless A in erfaces and he s a eless
in erfaces each ca uresu cien condi ions on he ell formedness of a su class
of rela ional ne s and hus ro ide an in erface heor for ha su class.

A on a se of orsisafuncion ha ma seach or
o a alue . e rie for hese of aluaionson . 1ien

! xactly the opposite condition is re uired in component algebras with dependency

relations a more abstract component may have fewer I  dependencies cf. 1



a alua ion and a redica e on edeno e he ruh alue

of ealuaeda . onsider oses ;and 5 of ors and o alua ions
1 1 and o 5. e rie 9 if 4 9 for all or s in
1 5. T 4 5 hen 5 deno es he alua ion in 5 such ha
1 2 1 for all 1 and 1 2 2 for all 2-
A consis s of a se of a se of dis oin
from and a sais a le redica e on called . ora
rocess le LA consis s of a se of rocesses
and a se of channels such ha all of he follo ing
or all rocesses if hen .
or all rocesses and all channels eha e
or all channels if hen .
. Le . There is an alua ion
such ha a is rue for all rocesses and for

all channels

f a and hen he alua ion is called i h he rela ional
ne .A or of a rela ional ne is a if here is
no rocess ih and hereisno or ih

e rie for he rimar in u or sof herela ional ne and
for he o her or s.

is de ned i . Then and
isde nedi heresul asde ned ne isarela ional
ne . Le and
i and for e er
alua ion if isconsisen ih hen 1isconsisen 1ih

oe heco ariance e eenin usandou us amorea srac rela ional
ne ma haefe erin u andou u ors han andi ma lea e some

ou u orsof uncons rained rea ing hem as free in u s.
The rela ional ne s are er general in ha he admi rocesses ih ar
ial rela ions  hich do no acce allin u alua ions and ar i rar

de endencies e een in u and ou u alua ions. An e am le of rela ional
rocesses are he in u cons raining eal machines hose com ina ional

de endencies do no change in ime. ns ead of a formal accoun of his s ae

men eonl gieaninuiiee lanaion. irs as aemachine ihin us

and ou us such asa oore or eal machine is ifin e er

s a e he machine acce s all ossi lein us. erefer o a class of s a e ma

chines as if i s mem ers are no necessaril in u ena ling.



econd s a eless in erfaces consider onl he de endencies of
a s a e machine hich asser ho an ou u alue de ends on he

in u alues. n aricular a oore machine has com ina ional de en
dencies ecause an ou u alue ma de end onl on in u alues.
Thus o ie as aemachine asarela ional rocess e cons ruc he
rela ion from he com ina ional de endencies of and a srac a a
all o her de ail such as se uen ial de endencies.

e ha e no in erface heor for he rela ional ne s. ns ead e consider hree
res ric ed classes of rela ional ne s for hich sim le in erface heories e is

n he rs res ric ed class he he rocesses can s ill re
sric heacce edin u aluaions u here are no de endencies. An
e am le of such rocesses are hein u cons raining oore machines hose
in u assum ions do no change in ime. An a ro ria e in erface heor
are he saeless A inerfaces. Toca urein u assum ions ha ha

ma change in ime A in erfaces are needed see ec ion
n he second res ric ed class he he rocesses dono res ric he
acce edin u aluaions u herecan e de endencies. Ane am le of

such rocesses are hein u ena ling eal machines hose com ina ional
de endencies do no change in ime. An a ro ria e in erface heor

are he s a eless in erfaces  hich rule ou c¢ cles of com ina ional
de endencies acommon res ric ion in hard aredesign. Toca ure de
endencies ha ha ma changein ime in erfaces are needed
cf. .
n he hird res ric ed class he he rocesses do
no resric he acce edin u aluaions and here are no de enden
cies. An e am le of such rocesses are he in u ena ling oore machines.
An a ro ria e in erface heor are he s a eless in erfaces.
A rocess is if heree is a redicae on anda redicae
on such ha ise ui alen o . noher ords he rela ion

of a rec angular rocess ma consrainin u and ou u alues u i canno
rela e hem. follo s ha here are node endencies e eenin u andou u

alues. A rela ionalne isa if all a oms in are rec angular.
The rec angular ne s are closed under com osi ion and connec ion.

or a rela ional ne le and and
.The redica e 1is rue recisel a he alua ions in ha
areconsisen ih . i en arelaional ne and a s a eless in erface
de ne i and and . i en a rela ional
ne and a s a eless A in erface de ne i
is im lied hein u assum ion and im lies he

ou u guaran ee



To see he second ar of he ro osiion consider hein er er rocess ih

oolean in u or and ooleanou u or and rela ion . This
rocess is no rec angular. The illegal connec ion for is ermi
ed hes a eless A inerfaces ih
A rocess is if . noher ords a oal rocessacce sall
ossi lein u alues. A rela ional ne is a if all rocesses in are

o al. The o al ne s are closed under com osi ion and connec ion.

or a rela ional ne he isa inar rela ion
on he ors namel he smalles ransii e rela ion such ha for all
rocesses if and hen and
i en a rela ional ne and a s a eless in erface de ne i
and
To see he second ar of he ro osiion consider he rela ional ne ih
o rocesses and and no channels. u ose ha has a oolean ou u
or and he rela ion and has a ooleanin u or and he
rela ion . The rocess is no o al. The illegal connec ion for
is ermi ed he s a eless in erfaces ih
A rela ional ne is a if is oha oalne anda
rec angularne . oe ha a rocess is oh o al and rec angulari he
rela ion con ainsnoin u orsfrom . noher ords he rela ion

of a o al rec angular rocess cons rains onl he ou u alues. The o al and
rec angular ne s are closed under com osi ion and connec ion.

To see ha he s a eless in erfaces ih areno ase ressi efor he
o al and rec angular ne s as he s a eless in erfaces ih consider
he cons an  rocess ih oolean in u or and oolean ou u or



and rela ion . This rocess is o h o al and rec angular. The
connec ion ih is ermi ed he s a eless in erfaces

ih u isno ermi ed he s a eless in erfaces ih . To
see he second ar of he ro osiion rs recall he in er er rocess from
he roof of ro osiion . The rocess is o al. The illegal connec ion

for is ermi ed he s a eless in erfaces ih . econd
recall he o rocess ne from he roof of ro osiion . oh rocesses
are rec angular. The illegal connec ion  for is ermi ed

he s a eless in erfaces ih

tatef Interfaces are a es

e resen oin erface alge ras ihs ae. As a eful in erface roceeds in
ses hroughasaes ace and iheer se he aluaion on he se
of or s ma change. The s a eful in erfaces e consider are in

ha fore er sae he or aluaion hichiso ser a le uni uel de ermines
he successor s a e. e erminis ic in erfaces ma of course e im lemen ed
nonde erminis ic com onen s. onde erminism in in erfaces ho e er seems un
necessar and is e ensi e if an in erface isno a all imes a areof hes a e
of he o her in erfaces 1ihin a com onen ased s sem hen com ai ili
chec ing for in erfaces ecomes di cul an e onen ial su se cons ruc ion
isneeded o rac he ossi les a es of in erfaces .

ur rs e am le of s a eful in erfaces are he de erminis ic A in erfaces.
The ha ein u assum ions and ou u guaran ees ha de end on hesae
of he in erface. A s a eful in erface is na urall ie edasa o la er concur
ren game . The o la ers are re resen ing a com onen ha
im lemen s hein erface and re resen ing heen ironmen . n he
caseofasaeful A inerface iheer se hecom onen choosesan ou
u alua ion ha sais es hecurren ou u guaran ee and he
en ironmen chooses anin u alua ion ha sais es he curren in u assum
ion. The resul ing alua ion de ermines he successor s a e and he game
re eas. Theo eci eof heen ironmen is o e hel ful al as ro iding
in us ha areacce ed he com onen .

There are o a sfor heen ironmen o in he game ei her he game con
inuesadin ni um ori enersas aein hich he com onen canno roduce
anou u ecause heou u guaran eeis unsa is a le. uch as a e is called
a ecause i re resen s he fac ha he com onen ermi
na es. on ersel heen ironmen loses he game if he game en ersas a e in
hich he en ironmen canno ro ide an acce a lein u ecause hein u
assum ion is unsa is a le hereas he com onen is no read o ermina e.

uch a s a e is called an . A hel ful en ironmen ries o
re en an immedia e error s a e from eing en ered. The s a es from hich he
en ironmen canno re en his are called . no her ords

he deri ed error s a es are hose s a es from hich he en ironmen has no



sraeg o a oid an immedia e error s ae. As he o eci eis o0 a oid a se
of saes hisisa game . The in erface ha gi esrise o he game is

ell formed i he ini ial s a e is no an immedia e or deri ed error s a e if
hisis he case hen here is a hel ful en ironmen ha can ro ide acce a le
in useiher ad in ni um or un il he com onen ermina es.

i enanin erface  aconnec ion isde nedi heresul ingin erfaceis ell
formed. n ar icular chec ing if is de ned re uires com u ing he deri ed
errors a es i.e. sol ingaconcurren safe game. Thiscan e done ac ard
search from he immedia eerrors a esin ime linearin he num erof s a es. The
game heore ic ie also moi aes he de niion of hierarch if he in erface

re nes he in erface hen he ell formedness of mus im 1 he ell
formedness of ha is if heen ironmen hasasraeg o in he  game
hen i mus also ha easraeg o in he game. This reser a ion of
s ra egiesis ca ured re nemen rela ions such as al erna ing
simula ion an al erna i e choice is re nemen as al erna ing race con ainmen

u his ould emoree ensie o chec

The s a eful A in erfaces can e ie ed as

hus com lemen ing he as nchronous arie de nedin . n a similar fashion
saecan e added also o he s a eless in erfaces and o he s a eless

in erfaces. ns ead e resen asseconde am le amore generics a eful in erface
alge ra he de erminis ic game in erfaces hich ma e he game heore ic ie
e lici. n a de erminis ic game in erface a e er s ae cer ain mo es are
a aila le o each la er. These mo es can e er general such as func ions
from in u aluaions o ou u aluaions for he com onen and func ions
from ou u aluaions o in u aluaions for he en ironmen. ih e er
se each la erinde endenl choosesan a aila le mo e and he com ina ion
of o h mo es de ermines he curren or alua ion hich in urn de ermines
he successor s a e.

A consis s of he follo ing

A s a eless in erface 2

A niese of including an

oreer sae a redica e on called

and a redica e on called .Asae is

a if he ou u guaran ee isunsais a le. Asae
is an if hein u assum ion is unsa is a le and

he ou u guaran ee issais a le. ere uire ha heiniial sae

iSno an errors a e.

2 In a more general interface algebra, the input and output ports may depend on the
state of the interface. his is necessary for modeling bidirectional ports cf.



oreer air of s aes a redica e on called

ere uire ha foreer sae he dis unc ion
is alid and for all s a es if hen he
con unc ion isunsa is a le. ondi ion ensures de er
minism. n o her ords foreer sae and e er alua ion
hereisauni ues a e ih . f hen

is called he of and deno ed

or hede erminis ic A  in erfaces com osi ion connec ion and hierarch are
de ned as follo s

of o de erminis ic A  in erfaces and is de ned i
is de ned. Then and and
for all s a es and le
and and

for a de erminis ic A  in erface is de ned i is de

ned and heini ial s a e of asde nedne 1isno anerrors a e.Le
and and for all s a es le

and . The in u assum ions are com u ed he
follo ing algori hm  hich nds all deri ed error s a es

or all s a es ini ialize o he redica e
or all s aes if is unsa is a le and
issa is a le henre lace he con unc ion of
and . noher ords if 1is an error

s ae hen ahel ful en ironmen chooses ine er sae anin u
alua ion ha re ens from eing en ered.

e ea un il all in u assum ions are re laced e ui
alen redica es.

The second se mus eieraed ecause he s reng hening of an in u
assum ion in ma causei o change from sais a le o
unsa is a le ossi ]l e osing asanerrors aeand hus riggering addi
ional changes.

i and here is an al erna ing A
simula ion  of ih . An of
is a inar rela ion e een hesaes and he s a es
such ha im lies ha he in u assum ion is im lied
he ou u assum ion im lies and for all
in u alua ions and allou u alua ions if and
hen



A consis s of he follo ing

A se of
A niese of including an
oreer sae a niese of a niese
of a func ion from 0 called
and a func ion from o) called .
e erminism means ha he successors a ede endsonl on he or alu
a ion and no on he choice of mo es. As a e isa
if he se ofou u moesisem .Asae is an
if he se ofin u mo esisem and he se ofou u mo es
isnonem . ere uire ha heiniialsae isno an error s a e.

or he de erminis ic game in erfaces com osi ion connec ion and hierarch
are de ned as follo s

of o de erminis ic game in erfaces and is de ned

i . Then and and
and for all s a es and le
and
and for all mo es and le
and
for all alua ions and le

for a de erminis ic gamein erface isde nedi heiniials ae
of asde nedne isno anerrors a e.Le and and
for all s a es le and for all alua ions
le . The ou come func ions are he uni uel de er
mined func ions such ha for all s a es allin u mo es
and all ou u mo es e ha e
and  for all channels eha e .
The in u mo es are com u ed he follo ing algori hm hich nds
all deri ed error s a es

oralls aes ini ialize 0 hese ofin u
mo es such ha forallou u mo es and all
channels eha e

or all s a es if is em and is

nonem and hereisanou u mo e and a alua ion

such ha and hen remo e

from he se ofin u mo es. no her ords if 1isan error

s a e hen ahel ful en ironmen chooses ine er sae anin u
mo e ha re ens from eingen ered.

e ea un il noin u mo es can e remo ed.



Ac

The second s e mus eieraed ecause he remo al of in u mo es in

ma cause a se of in u mo es o change from nonem

0 em ossi 1 e osing asanerrors aeand hus riggering addi ional
changes.

i hereis an al erna ing game simula ion  of ih

. An of isa inar rela ion
e een hes aes and he s a es such ha im lies ha for
allin u mo es here is an in u mo e such ha
for allou u mo es hereis an ou u mo e such
ha for all alua ions and if and

hen and

t. We thank dward Lee for inspiring much of this research with his

ideas on type theories for component interaction 11, and his pro ect for developing

an abstract semantics for 12.
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