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E isting istributed onstraint Satisfaction is S fra e
wor s can odel roble s where a ariables and or b constraints are
distributed a ong agents synchronous ac trac ing T and syn
chronous ea o it ent are the rst asynchronousco lete
algorith s for sol ing is S softy ea The order on ariables is well

nown as an i ortant issue for constraint satisfaction and is the ain
strength of The re ious olyno ials ace asynchronous search al
gorith s aree tensions of T and re uire for co leteness a static or
der on their ariables ere, we show rst how agents can asynchronously
and concurrently ro ose reordering in T while

of the algorith with olyno ials aceco le ity eordering

has arious a lications e g security, e ciency Finding e cient
reordering heuristics for search in is S sisnot ob ious e then show
how an e cient reordering heuristic ins ired fro the one used in
can be integrated in the new search rotocol



Distri ut d Constraint Satis a tion DisCS isa o rul ram or or mod-
ling distri ut d om inatorial ro 1 ms isd ndin as ast
o0 ag nts hr ahagnt ontrols a tl on distin t aria 1
,and a hag nt no sall onstraint r di at sr 1 ant toits aria 1  his
isan a ta 1 sim li ationsin th as ithmor aria |l sinanag nt an
asil o tain d rom it s n hronous Ba tra ing B is th  rst
and s ar h algorithm or DisCS s sim 1 modi ation

asm ntion din , toallo or rsions ith ol nomials a om 1 it
h omltnsso B is nsurd ithhl o im os d
on ag nts B is a slo algorithm and has introdu d a n  algorithm
all d s n hronous a Commitm nt C Callo sag ntstor ord r
th ms 1 s as n hronousl d r asing th ir osition hnth ar o r-
onstrain d Chas ro nto mor intthan B utitsr uir m nt

or an on ntial s a  ould not liminat d ithout losing om 1t n ss
So ar, no as n hronous algorithm has o r dth ossi ilit to rormr -
ord ring ithout losing ith rth om 1t n ss, or th ol nomial s a ro -

rt nthis a r rstdsri an t nsiono B that allo sth ag nts
to as n hronousl and on urr ntl ro os hang stoth irord r his t n-
sionis alld B ith s n hronous ord ring B ro that th
omltnsso B is nsur d ith ol nomials a om 1 it B is
r uir din ariousa 1li ations g s urit nothrt ialus o r ord r-
ingis or in tisnoto iousto nd intr ord ringh uristi s or

DisCS s h r ord ring h uristi o Chas ro nto nough h a and

intto t distri ut d algorithms ut it annot dir t1 usdin B

nd this arti 1 sho ing ho an int h uristi  ith similar  ha ior
asth on in C an o tain d and its rorman is aluat d

hisis th  rst as n hronous s ar h algorithm that allo s or as n hronous
d nami r ord ring hil ing om 1t and ha ing a ol nomial s a  om-

1 it Hr ha uilt on B sin it is an algorithm asi r tod s ri

thanitssu s unt tmnsions h t hni u ann rthlss int grat din
a straight or ard mann r in most t nsionso B

h rst om 1t as n hronous s ar h algorithm or DisCS s is th s n-

hronous Ba tra ing B h a roahin onsid rs that a h
ag nt maintains onl on distin t aria 1 Mor om I d nitions 1 gi n
lat r th r d nitions o DisCS sha onsidrdth as hr th
int r st on onstraints is distri ut d among ag nts , ro os s al-
gorithms that tth stru tur o ar al ro 1 m th nurs trans ortation ro -
l m h s n hronous ggr gation S ar h S algorithm a tuall -

tnds B toth as hr th sam arial an instantiat d s ral
ag nts and an ag nt ma not no all onstraint r di at sr 1 ant toits ari-
als So rsth ossiilit toaggr gat s ral ran hso th sarh n



ager gationt hni u orDisCS s asthn rsnt din andallo s or sim-

1 und rstanding o th ri a in m hanisms h ord ron aria ls
in distri ut d sar h asso araddrssdin , , ., , sho ing th strong
im a t it has on th sol ing algorithms

n as n hronous a tra ing, th ag ntsrun on urr ntl and as n hronousl

a h ag nt instantiat s its aria 1 and ommuni at sth aria 1 alu
toth rl antag nts Sin do not assum F F hann Is, in our rsion a
, ,in ahagntisinrmntd ahtim an instantiation

is hos n, and its urr nt alu a h g n rat d assignm nt

assignm nt
tag

mong t o assignm nts or th sam aria 1,th on ith th high st
atta h d alu o th ountr isth stati ord r is im os d on
ag nts and assum that  hasth -th osition in this ord r th n
has a than and has a th n

a h ag nt holds a list o r rsntd asto agnt
nam s in s ar asso iat d ith onstraints B assum s that r lin is
dir t d romth alu s nding ag nt to th onstraint- aluating-ag nt

- ag nt_ i
n st

Bas d on th ir onstraints, th ag nts rormin rn s on rningth as-

signm nts in th ir _ B in rn th agntsgnrat n onstraints
all d
nogood
h ollo ingt so m ssagsar hang din B

m ssag trans orting an assignm nt is s nt to a onstraint- aluating-
agnttoas hthra hosn alu isa ta 1

m ssag trans orting a tis s nt rom th ag nt that in rs
a , to th onstraint- aluating-ag nt or
m ssag announ ing that th s nd r o ns onstraints in-

ol ing ins rts in its and ans rs ith an



h ag nts start instantiating th ir aria 1 s on ur ntl and s nd
m ssag s to announ th ir assignm nt to all ag nts ithlo r riorit in th ir
h agntsans rtor i dm ssag sa ording toth Igo-
rithm t or od d limit d

i it ontains onl alid assignm nts h n t ro rt

is m ntion d in anditisalsoim lid th horm , rsntdlatr
n C, ahagnt has a riorit d nd alo al alu in on-
jun tion ith th initial osition isinrasd hnan nogood
is om ut d, su h that ill r d allth ag ntsg n rating assignm nts in
h n riorit is road ast d to th n igh oring ag nts ting this
riorit , C ha sli th B hi h stor s all nogoods C is guaran-
t dtot rminat sin th num ro ossi | nogoodsis ound d Ho rth

num ro ossi ]l nogoods is on ntialinth si o th rolm

h r is on major issu to sol d or allo ing ag nts to as n hronousl
roos n ordrsonthmsl s ording to , in g n ral, in nit loo s
annot aoiddi al as mor than on agntinol dina onit an

hang th ir instantiation h agntsina on it must a l to  ntuall
ohrntl d id hi hon o th m should hang its instantiation an ord r
sim 1 a tod nami all r ord rag ntsin as n hronouss ar h g or
in istoint rmitt ntl s n hroni amongall ag ntsa onsist nt i o
hat th ord ris all it h sarhis om 1t i
th dla t mnt orordringsinr ass g monotoni all to
nth oth r hand, i n dthat ag nts ro os r ord ring as n hronousl
g as in Corasr uird ors urit in ,th ordrt iall hangs
or anagr mnt ould rahd haton andointhis as isto nsur
that onl an onsid r d n th nmust na l
ag ntsto oh r ntl d id Ho -
r, a oid uttinganarti ial oundonth num ro r ord rings ro os d
ahagnt his ould not mat hth glo al om 1 it o a rolm ut
orr s onds toat o stag algorithm an -i sarh or

There is not a roble if the e ent e entually occurs but it should not always occur
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Si le scenarios with  essages for ro osals on a shared ariable,

a ound d tim, ollo di n ssar a rsiono B g u on C,
this an ahi d utting anu  r- ound on and running th B
hi h stor s onl alid nogoods and taggs assignm nts ith ount rs
o loitth analog t nmaintainingagr m ntona alu assignm nt
and agr m nt on an ord r, ro os to handl an ord ring on ag nts as th
alu o a arial o sho ho d id hihot or i dord ringsis
th n st introdu a that allo s orth as d nition
o a total ord r among th ro osals mad as n hronousl as to stati all
ord r d ag nts on a shar d aria 1 g th ord ring o oth r ag nts

onsid rthat astati ord r isd n don h
ith osition isnot d isth rst ositiond n d
ah maintains or h mar rsin ol d
in our ar all d
nord r rad r ds isd n don airssu h that i
ith r , Or
his is a g n rali ation o th notion on assignm nts uilds a
histor or a ro osal on r ing to th air alu ,th n st
histor that it no s or ro osalson mad som , h o)
isrst ahtim in oming m ssag s announ ro osals ithn  r histori s,
mad som , isinrmmntd or ma sa ro osal or

For am 1 ,inFigur th ag nt ma g tm ssag s on rningth sam
aria 1 rom  and nFigur a,i th agnt  hasalrad r i d

)



it ill al a s dis ard sin  th ind has riorit Ho r,

inth as o Figur no s and th m ssag isth n stonl
i h 1 ngth o a histor tagging ro osals ora arial, ,isu r

oundd th num ro or
It rnati 1 to using histori s, ro osals ould tagg d using a sim 1

ount r n this as an ag nt n ds to stor th last ro osals on mad
ah rd ssor ro osalsour and onsid rsas urr nt ro osala om ination

othm hn n dsnotr s nditsold ro osal h n r mains onsist nt
ithth i o that hang s nst ad ouldha tos ndan ro osal

i its ro osal hang s to om id ntial ithth n str i d ro osal
his is a trad o and th st alt rnati d ndsonth ro 1 m at hand

onj tur that using histori sisusuall r ra | orshar d aria 1 sin S

as llas orord ring ithth r ord ringh uristis rsntdhr

o sho ho th historisdsri dinth r iouss tion h1l ag nts
during th s ar h to as n hronousl and on urr ntl ro os n ord rs on
thmsl s nth n tsus tion dsri adidati sim I rsion that

n ds additional s iali d ag nts

h histori sinth r iouss tionar uilt ro osal sour sord r d stati-
all onl no tous histori s wuilt stati all ord r d ro osal sour s
h id a hind as n hronous r ord ring in as n hronous s ar h is to onsid r
th  ro osal sour s or ord ring as additional a stra t ag nts h ir a ti it

an dlgatdtodi rnt hsialagntsalongth sarh hiss ms om-

liat dtoa r hndaton and  start rst onsid ring that th ro osal
sour s orth ord ringar as to t rnal distin t ag nts B sid s th ag nts
in th DisCS ant to sol onsid r that th r ist
oth r ag nts, ,s0l1 d ot d orr ord ringth ag nts
atta h to ah alu o ord ring a asd ndinth r ious
s tion h orth ord ringonag ntsar th agnts , hr
i and ordr is th that h n no ing an
ord ring, , an ro os ord rings that r ord ronl ag ntson ositions |,
ntrmso alu agr m nt this m ans that th ag nts agr on a alu or
ord ring hn ah agr s ithth r o 1 ngth in
n ag nt ma r i th osition t us assum that th ag nt
, no ing anord ring , li sthatth agnt ,o ningth aria l ,

has th  osition anr r as ithr or h aria 1l is
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Si li ede a lefor T with rando reordering based on dedicated agents
in the left colu nshows that  had the osition when it has sent the essage

alsor rr dto as ithr | or 11 th ag nts o ning aria 1 s
r lat d a onstraint ith th aria 1 o th urr nt ag nt ar ins rt d in
at initiali ation m ssag s ar s nt onl to thos ag nts in

that ha lo r riorit than th urr nt ag nt

no nord ro

ro os d
no nordr o
ro osdord ro

tus onsid rt odi r ntord rings, and , ithth ir orr s onding
histori s , su h that t
and th airs on th osition in rs til in

o tional m ssag s orr ord ring ar

m ssag s or h uristi d nd nt data, and
m ssag s announ ing an  ord ring,

n ag nt announ s its ro os d ord r s nding m ssag s
to all ag nts , and to all ag nts a h ag nt and a h
ag nt has to stor its d not d rs til
For allo ing as n hronous r ord ring, a h and mssag r i s

as additional aram t r an ord r and its histor s lgorithm h
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E a le for T with rando reordering delegations are done i
licitely by ado ting the con ention is delegated to act for Left colu n

shows the roles layed by when the essage is sent In bold is
shown the ca acity in which the agent  sends the essage The addlin is not shown

m ssag s hold th n st th sndr ah m ssag
snt rom to holdsth ord r,inagr m nt ith , that
to his ord ring d not d onsists o th rst ag ntsin
th and is tagg d ith a histor o tain d rom th histor o its
r mo ing all th  airs hr For am I,inFigur th thm ssag
ontains
hn r i samssag hih ontainsanord r itha histor that is
n rthan th histor o) ,1tth o and
h assignm nts no n orth arials | , ar in alidat d
h ag nts an modi th ord ring in a random mann r or a ording to

s ial strat gi sa ro riat oragi n rolm Som tim sitis ossi1 to
assum that th ag nts ant to ola orat inord rtod id an ord ring h
m ssag s ar int nd d to o r data or r ord ring ro osals hs
aram t rsd nd on th us d r ord ring h uristi h m ssag S
an s nt an ag nt to th ag nts m ssag s ma onl
s nt an ag nt to ithina ound dtim, ,atrhaingr i dan
assignm nt or g nts an onl s nd m ssag s to ithin
tim atrth start o th sarh n m ssag is s nt ithin a
ound d tim atra m ssag isr 1 dor rom start
Bsids °MdTang ,th oth rstru tur sthatha to maintain d
,as 1llasth ont nto m ssag sd nd on th r ord ring
h uristi h sa oml it or r mains th sam as ith B

n at, ha introdu d th h si al ag nts inth r ioussu s tion

onl inord rtosim li th d s ri tiono th algorithm n o th ag nts

orothr ntit an d1lgat dtoat oran hn ro osingan ordr,
an also simultan ousl d | gat th id ntit o to oth r ntiti s,

eg rst the agents for ing a coalition with



old return T

add , to _ clean _ _
Ia not E return T
newer than T wcl
and I ha e better nogood for wanting to discard or
if contains in alid assign ents discard T
, where is not connected, is contained in
send to add to - clean
ut in for
add other new assign ents to _ clean

- - and if has lower riority than

send , _ , to
agent_ iew current_ alue
agent_ iew
select where - and d are consistent
- d
send , , to lower riority agents in
{ inconsistent subset of -

an e ty set is an ele ent of
broadcast to other agents that there is no solution, ter inate this algorith

select , where has the lowest riority in
send s , to
re oe y fro - clean

is in alidated by the history return false
newer than orsa e as for but longer
not newer than return true
for and the history of
in alidate assign ents for
a e sure that , so e alue , will be erfor ed
to all lower riority agents in

return true

lgorithm



, atta hing as un to th ord ring t a
rtain mom nt, du to m ssag dla s, thr an s ral ntitis 1i ing
thatth ar d1gat dtoa t or as d onth ord ring th no Ho r,
an oth rag nt an oh r ntl dis riminat among m ssag s rom simultan ous
s using th histori s that s g n rat h thmsl s ohr ntl agr

hnth orrs ondingordrsar r i d h d1 gationo rom a
h si al ntit to anoth r os sno ro 1 m o in ormation trans r sin th

ount v Ord T g isrstonthis nt h ountr ©dTo an
dlgatd a r iousdi rnt isstto hr is a air in th histor
that tagsth n r 1 dord ring

For am 1, in Figur dsri th a hr th atiit o is

al as rormd th agnt 1i ingits1 to ans nd a
m ssag  ithin tim at r an assignm nt is mad sin  a
m ssag is im li it 1 transmitt d rom to also onsid r that is
dlgat dtoat as and ro os on random ord ring a h, as n-

hronousl h r i rsdis riminat as don histori s that th ord r rom
isth n st h mno nassignm nts and nogood ar dis ard d nth nd, th

or is
B 0 agrou o ag nts m anthat non o thm illr i
org n rat an alid nogoods, n alid assignm nts, m ssag sor

mssags h rooothn t ro rt o B isgi nin nn s

ag nt_ i

11 the nogoods are generated by logical inference fro e
isting constraints Therefore, if a solution e ists, no e ty nogood can be generated
This is a conse uence of the ro erty for
1l assign ents are sent to all interested agents and stored there
t uiescence all the agents now the alid interesting assign ents of all redecessors
If uiescence is reached without detecting an e ty nogood, then according to the
ro erty , all the agents agree with their redecessors and the set of their assign ents

is a solution o
S sho in , B ist uir d in s ur algorithms or automat d
n gotiations nth s ulo this a r d al ith in issus

1 t ag nts maintain th ir urr nt assignm nt hnan ordrisr i d

th old ord r no n as ,atrr iingan ordr, ,
r mo s rom its _ onl thos assignm nts hr
hr or, dis ards onl mnogoods ontaining som assignm nt

,sin th alidit o su h nogoods annot h d in



is in alidated by the history of return false

not newer than return true
in alidate assign ents for re o e fro _
a e sure that , so e alue , will be erfor ed
to all lower riority agents in
Ia order 0

return true

lgorithm
E return
and I ha e not worse nogood for wanting to discard
or if contains in alid assign ents discard
, where is not connected, is contained in
send to add to _
ut in for
add other new assign ents in  to -
alid rder current_ alue
order
- ,new history
a e sure to send or , to all
lgorithm
r s nds its urr nt assignm nt ia m ssag s to an ag nt in its
hr his rsiono B istr rmrdtoas B

Sin  th assignm ntsar r s nt,th onl di rn ith B is that
som additional nogoods ar stor d h s additional nogoods ar onsist nt

ithth horm h s a r mains ol nomial sin onl on assignm nt is
alid and onl on nogood ontinu sto stor d or ah alu o a h aria |
h sa oml it isnot modi d o

nth r iouss tion ha dsri dar ord ringt hni u that allo s or
using m ssag s or guiding r ord ring ut did not ro os an
s 1 h uristi B rorms For ard Ch ing sin th domains o th
utur aria lsar rund atr ah assignm nt Ho r, using



m ssag s an nsi  sin m ssag roundtri s ar
r uir d or g tting th r sult o running
n this s tion sho ho th id a hind th h uristi us d in C an

rusd ith B n C ahagnt thatdiso rsan nogood
inras sitso n riorit t us assum that th lo st riorit assignm nt in
on rns n B th ag nt has to s nd to an s ar
m ssag s 1 tting d id th n ord rthat gi s mor riorit to
h riorit o a aria l is th riorit o th ag nt o ning it is a
th n i ontains onl high r riorit aria 1 s than th
lo st riorit aria 1 in oma sur thatitin r as sth riorit o
inth gnral as, ano rto its osition oralo ron o do this,
has to a t or som t ah at or andl tit d its
ositiontoth s nd ro a h alidnogoodr i d Igorithm his roto ol
is alld B -

a h alid nogoodr i d liminat s a alu ah alu lim-
inat d su h a nogood illn r a aila 1 sin th nogoods liminating
th m or +tt rnogoodsr i dlat r us d assignm ntso ui s ntag nts
and annot in alidat d h r ar ma imum su h alu sand tt r no-

goods an r i d ora alu onl tims hr or,th ar r i din
a nit tim o

tisr uir d that do snot s nd r ord rs ond d la atr
an instantiation is don som
hr ists a nit su h that an alid or tt r nogood isr i d
inatim ound d atrth uis n o th ag nts
nth lgorithm ,th lin a tuall allo s ors ral rsionssin ag nt
is r to ut hat rordr amongth ag nts ollo ing B B -
d not a rsion hr th ag nts ollo ing ar ord r d1 i ogra hi all
his on ntionr uir s no additional in ormation Ho r,du tor ord ring
in ol don utur ag ntsman o th nogoodso n su ssorsar in alidat d
na rsiono B - | that dnot B - , a h ag nt maintains
on mor ord ring all d - - - and d not d h lin
in lgorithm ismodi din B - su h that th s nt nogood is also a -
om ani d ithth ord ring holds th mostr nt ord ring among
and th ord ringsr 1 d ith mssags n B - th _
at lin om s , hr th agnts ollo ing ar

ord r d a ording to



urth r modi ation ma to B - is that a hn ro os d
ord ring is s nt at lin to all ag nts so that all o th m an u dat th ir
_ _ _ his last rsionisd notd B -

h nth distri ut ds ar hisus d or n gotiations, th  osition o an ag nt

in th ord ring on ag nts orr s onds to rtain ad antag s and dra a s or

ithsom gi n rol msagnts r rto th 1rst osition don ssuh
that th ould ro os thir r rrdalt mati s rst For oth r ro | ms,
ag nts ant to osition dlat rsu hthatth n dtor all ssa outth ir
onstraints domains n B on anr ord r randoml or round ro in th
ag ntsinord rto nhan airn ss h n,on stillhasto h  or trust that th
agntsrs tth hos nr ord ring strat g

Ho r, hnth ag nts orm wualsi d oalitions, airn ss an nsur d

in B majorit  oting t us assum that th ag nts ant to sol a

rolm hr ria is ssntial g nts antto la oth rag nts rom th ir

oalition on last ositions air alt rnation o ag nts rom di r nt oalitions,
h n ha ual si d oalitions, is o tain d h n th wun tion o

is und rta n d nd th st o ag nts h ag nts

in hoos th ag nt majorit oting Fairn ssr sults romth at

that orth s ro I ms,lo ositionag nts ill ro os onn tlo r ositions
ag nts rom oth r oalitions

h majorit oting an im 1 m nt d 1 tting an in road ast
to an oth r ag nt in th s t o ag nts that ouldli tos on osition
h st is tagg d ith th histor o g, th agnt hosn

or th  osition an th  wurr ntl lo st osition ag nt among thos
ith th high stnum ro o wrrn sinth ro osals h tim r uir d
ord idingan ordristhn wualtoth ma imumm ssag dli r

d la h orr tnss, om ltn ssandt rmination ro rtiso B ar

th r or maintain d
Similarl ;, h nth wualit o th oundsolutionis ss ntialand ri a isl ss

im ortant, a air r ord ringis o tain d h nth wun tion o is und rta n
th s to ag nts ith wualsi d oalitions, a air alt rnation
iso taind h nth ag nt isd id d ithth majorit o th ot so th

ag nts orming th ntit

n B asolutionis ound h nth agntsrah uis n

s ro os din uis n an dt t dusingg n ral ur os algorithms
rath r us in our rim nts a solution d t tion algorithm that and t t
solutions or wuis n om osing artial aluations o th ag nts his
t hni u is rst ro os din hr om os d artial aluationsar s nt ia

m ssag s rom lo r riorit ag nts to lin d high r riorit ag nts



h ar sntonl hnth artial aluation o tain d om osing all in om-
ing artial aluations rom all ith th lo al on isnot m t
us sa rsiono thist hniu hr a ha ing as root
asstmagntisd ndo ragnts ahagntsnds artial aluations onl
along this s anning tr to ards th root

h , , onsists in a aluation,
is assign din oth and thn isnon-m t onl i is
assign d ithth sam alu in andin

h solution d t tion t hni u in an us d ith no modi ation
or rsionso B hr ahagntal as nor s all th onstraints it
nos g B r ord ring t hni u or S It rmati 1, or us ith
th gnral rsiono B ,th solutiond t tiont hni u rsnt din is

modi d  atta hing as additional aram t ro m ssag s th
th  artial aluation
, S CCS a h ag nt om osing in oming artial aluations ma s and

atta h sth uniono th orr s onding S CCS
h r rn sinS CCSr ronl to initial onstraints and not to on-
straints nogoods in rr d during s ar h  his algorithm assum s that ag nts
no orma gtr rn sto all th onstraintsand that ag nts no ingth
sam onstraint agr ona ommonr rn orit hisisa ta'l hnth
onstraints ar u li thr is,th t hni u in isa aila I

B onstru tion, an t nsion o a artial aluation satis s all
th  onstraints r rr d in th asso iat d S CCS hr or satis s
S CCS ,satis ingallag nts hnS CCS ontainsr r n s to all th
onstraints D

t us assum that a solution asnotdt td or uis n hn
a ording to h or m uis n israhd B in nit tim Sin
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Let all agents , reach uiescence before ti e Let bethe a i
u ti e needed to deli er a essage
after which no is sent fro , Therefore, no heuristic  essage
towards any , , is sent after Then, each beco es ed,
recei es no essage, and announces its last order before a ti e fter
the identity of is ed as recei es the last new assign ent or order at
ti e
Since the do ains are nite, after | can ro ose only a nite nu ber of di erent
assign ents satisfying its iew nce any assign ent is sent at ti e , it will be
abandoned when the rst alid nogood is recei ed if one is recei ed in nite ti e
II the nogoods recei ed after are alid since all the agents learn the last
instantiations of the agents before Therefore the nu ber of ossible
inco ing in alid nogoods for an assign ent of is nite
1 If one of the ro osals is not refused by inco ing nogoods, and since the nu ber
of such nogoods is nite, the induction ste is correct

If all ro osals that can a e after are refused or if it cannot nd any
ro osal, has to send a alid e licit nogood to so ebody is alid since

all the assign ents of were recei ed at before

a If ise ty, failure is detected and the induction ste is ro ed

b therwise is sent to a redecessor Since is alid, the ro osal
of is refused, but due to the re ise of the inference ste , either

bi nds an assign ent and sends essages, or

bii announces failure by co uting an e ty nogood induction ro en
In the case i, since was generated by is interested in all its ariables has
sent once an to , and it will be announced by of the odi cation
by an essages This contradicts the assu  tion that the last essage was

recei ed by atti e and the induction ste is ro ed

Fro here, the induction ste is ro en since it was ro en for all alternati es

In conclusion, after , within nite ti e, the agent either nds a solution and
uiescence or an €  ty nogood signals failure

fter , is ed and the ro erty is true for the e ty set The ro erty
is therefore ro en by induction on o
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