
De�nitely (De�nitely:B)Abhaya Agarwal , Aditya Mahajan and Gaurav SharmaNovember 9, 2002Abstra
tIn this paper we review the existing literature on dete
ting de�nitely:B under di�erent modalities.Cooper and Marzullo's algorithm for dete
ting de�nitely:B, Garg and Walde
ker Algorithm for stringunstrable preo
ates and and Garg's polynomial spa
e algorithm are dis
ussed. We dis
uss regular pred-i
ates and the de
omposition theorem. Later we 
onsider simple predi
ates and how they are useful indete
ting de�nitely:B. Finally we present an O(e1 + e2) algorithm for dete
ting de�nitely:B in a twopro
essor system.1 Introdu
tionGlobal predi
ate dete
tion is of fundamental importan
e in distributed 
omputing. Many problems in dis-tributed systems like deadlo
k dete
tion, termination dete
tion 
an be easily des
ribed in terms of observingglobal predi
ates. Also many times, we want to enfor
e some relationships between the states of variouspro
esses. By observing the appropriate global predi
ates, we 
an determine if the relationships are main-tained in the system. Global predi
ates 
an be of two types - stable and unstable. On
e it has be
ometrue, a stable predi
ate always remains true. So stable predi
ates 
an be dete
ted by using global snapshots[ChaLam85,SpeKea86,Bouge87℄. Dete
ting unstable predi
ates is more 
hallenging as it may be
ome trueand false severel times during the run of the system.Sin
e the problem of predi
ate dete
tion su�ers fromthe 
ombina
torial explosion, the main emphasis of the resear
h in the area has been to de�ne bigger andbigger 
lasses of predi
ates whi
h 
an be dete
ted e�
iently. Some importent 
lasses are Linear ,regular ,linked and lo
al predi
ates.Depending on the kind of appli
ation, we may be interested in observing predi
ates over whole 
ompu-tation, under di�erent modalities for their truthness. Some important modalities are de�nitely,possibly and
ontrollable modalities [1℄. Some authors refer to these as strong and weak predi
ates [4,7℄. [1℄ gave algo-rithms for dete
ting de�nitly:B and possibly:B where B is any predi
ate de�ned on the states of distributedsystem but their algorithms are exponential in terms of number of pro
esses. [4,7℄ have des
ribed e�
ientalgorithms for the dete
ting linked and 
onjun
tive predi
ates under de�nitely modality. [5℄ de�ne regionpredi
ates and show how to 
ontrol them in the distributed 
omputation. They have also given the notionof admissible sequen
e of events and used that to derive an algorithem for 
ontroling disjun
tive predi
ates.The notion of sli
e of a distributed 
omputation with respe
t to a predi
ate was introdu
ed and developedextensively in [8℄. Using 
omputation sli
ing, we 
an redu
e the sear
h spa
e for dete
ting a predi
ate undervarious modalities. [8℄ give e�
ient algorithms for dete
ting a regular predi
ate under possibly,invariantand 
ontrollable modalities. Re
entely [2℄ have given an algorithm for observing de�nitely:B where B is anypredi
ate, that requires only polynomial spa
e. The algorithms in [1℄ were exponential in terms of spa
ealso.The report is organized as follows. We de�ne various modalities in se
tion 2. In se
tion 3, we des
ribein detail some of the algorithms mentioned above. In se
tion 4, we de�ne regular predi
ates and simplepredi
ates and some new results. 1



2 Various ModalitiesA global predi
ate is a boolean valued fun
tion on the lo
al variables of the pro
esses and the messages in the
hannels. But this de�nition only 
aptures the truthness of a predi
ate on a perti
ular 
ut of 
omputation.We need to de�ne the meaning of truthness of predi
ate on the whole 
omputation. Now this 
an be donein more then one ways, ea
h of whi
h is important in di�erent types of situations. These are 
alled variousmodalities for truthness of a predi
ate. possibly:B and de�nitely:B are two that seem most intutive.De�ne (possibly:B) A global predi
ate B is possibly true for a 
omputation S i� there exists a path fromthe initial state to the �nal state in the latti
e C(S) along whi
h B is true on some state.De�ne (de�nitely:B) A global predi
ate B is de�nitely true for a 
omputation S i� for all the paths fromthe initial state to the �nal state in the latti
e C(S), B is true on some state.We 
an easily see that possibly:B is useful for dete
ting bad predi
ates su
h as violation of some 
onditionwhereas de�nitely:B is useful for 
he
king 
onditions that we want to enfor
e on the system. invariant:Band 
ontrollable:B are duals of these modalities.De�ne (invariant:B) invariant:B �=: possibly : :BDe�ne (
ontrollable:B) 
ontrollable:B �= : de�nitely : :BAs the name suggests, invariant:B represents that B is true throughout on every possible run of the 
om-putation whereas 
ontrollable:B represents a situation where it is possible for B to be true throughout apossible run of 
omputation. Controllable predi
ates are spe
ially useful in debuggers where we want to runthe 
omputations su
h that they satisfy some added safety 
onditions. Controllable predi
ates tell us thatit is possible to add extra syn
hronization to the 
omputation su
h that predi
ate is always satis�ed in thatrun.In this report, we 
on
entrate on the de�nitely modality. de�nitely:B is also refered to as strong B pred-i
ate. de�nitely:B represents the guarntee that the predi
ate indeed be
omes true in every exe
ution of
omputation. In the next se
tion, we will des
ibe some algorithms proposed for dete
ting de�nitely:B .3 Previous Work on Dete
ting Predi
atesThe algorithms that have been proposed for dete
ting de�nitely:B 
an be devided in two 
lasses. First ofthese try to address the problem of dete
ting de�nitely:B where B is any global predi
ate. But it is knownthat predi
ate dete
tion problem su�ers from 
ombina
torial explosion, so these algorithms are invariablyexponential in terms of number of pro
esses. Algorithms that are e�
ient in terms of spa
e have beenproposed by [2℄. The other 
lass 
omprises of algorithms for dete
ting de�nitely:B where B belongs tosome restri
ted 
lass of predi
ates. E�
ient algorithms are available for linked predi
ates and 
onjun
tivepredi
ates.� Cooper-Marzullo Algorithm :This algorithm tries to iteratively 
onstru
t the set of global states that have a level l and it is possibleto rea
h them from the initial event without passing through an state where predi
ate is true. Ifanytime this set be
omes null, de�nitely:B holds. This algorithm is exponential in terms of number ofpro
esses be
ause in the worst 
ase, the algorithm is for
ed to visit all the 
onsistent states. If thereare n pro
esses and k is the maximum number of events on any monitored pro
ess, then this algorithmhas 
omplexity O(kn). 2



Algorithm 1 Cooper & Marzullo's Algorithm for dete
tign De�nitely:�De�nitely(�) : begin%Syn
hronize pro
ess and distribute �send � to all pro
esseslast:=global state S(0,0,....0)release pro
essesremove all states in last that satisfy �lvl := 1%Invariant: last 
ontains all states of level lvl -1 that are a

essable%from S(0,0,...,0) without passing through a state satisfying �� do last 6= { }!
urrent := states of lvl rea
hable from a state in lastremove all states in 
urrent that satisfy �lvl := lvl + 1; last := 
urrentend doendreport De�nitely:�� Garg-Walde
ker Algorithms :Garg and Walde
ker gave algorithm to dete
t what they 
all strong unstable predi
ates in 2 
lasses-linked predi
ates and 
onjun
tive predi
ate. The algorithm for linked predi
ates is shown in the �gure.The algorithm exploits the fa
t that if B1 -> B2 is true then the state in whi
h B2 o

ured must havehappened before the state in whi
h B1o

ured. This means that either both of them are on the samepro
ess or there exists a message path between the two. Algorithm uses this message path to 
onveythe information about the o

uren
e of B1 to B2.Algorithm 2 Garg-Walde
ker's Algorithm for strong unstable predi
atesPi ::� vardete
t�ag: boolean always (true i� 
urpred = m+1)pred_list: list of {index:1...m;pred:lo
al predi
ate}
urpred: integer initially 1� Upon (head(pred_list).index = 
urpred)V(head(pred_list).pred = true)begin /*Update what predi
ate is the next one this pro
ess is to dete
t*/
urpred++ ;pred_list := tail(pred_list);end ;� Upon r
v (prog , his
urpred,....) from Ps
urpred := tail(pred_list)� To send /*we in
lude 
urpred in message */send(prog,
urpred,....) to destin;The Algorithm for the strong 
onjun
tive predi
ates involves a 
he
ker pro
ess. The 
he
ker pro
essgets debug messages from all the pro
esses indi
ating the intervals during whi
h their lo
al predi
ateswere true. Now it 
he
ks for overlaps between these intervals and tries to �nd out if the strong predi-
ate was true at some pointComplexity of 
he
ker pro
ess is O(m2p) where m is number of pro
esses and p is the at most numberof events on any pro
ess. Non
he
ker pro
ess has worst 
ase message 
omplexity of O(mr) where mris the number of program messages re
eived. 3



Algorithm 3 Algorithm for strong 
onjun
tive 
he
ker pro
ess� varq1; q2:::::qm : queue of re
ord lo , hi : timeinterval ; end ;
hanged, new
hanged: set of {1,2,.....,m}� Upon re
v(elem) from Pk doinsert(qk , elem) ;if(head(qk) = elem) then begin� 
hanged ;= {k} ;� while (
hanged 6= �) beginnew
hanged[i℄ = { } ;for i in 
hanged, and j in [1,2 ...m℄ do beginif head(qj).lo >head(qi).hinew
hanged = new
hangedS{i}if head(qi).lo > head(qj).hinew
hanged = new
hangedS{j}
hanged = new
hanged ;for i in 
hanged do deletehead(qi)endif 8i : :emplty(qi) then found = true;end
Algorithm 4 Algorithm for strong 
onjun
tive pro
ess- non 
he
ker pro
ess PidPro
ess Pid ::� varl
mve
tor: array[1...n℄ of (0...MAXMID);init 8i:i6=id:l
mve
tor[i℄ = 0 , l
mve
tor[id℄ = 1 ;/* last 
ausal msg r
vd from por
ess 1 to n, resp
. */Current_Interval: re
ord lo, hi : (0,MAXMID); end;�rst�ag: boolean inint true;lo
al_pred: Boolean_Expression ; /*lo
al predi
ate to be tested*/� for sending dosend(prog,midgen,l
mve
tor,....);l
mve
tor[id℄++ ;� Upon re
eive (prog, mid , msg_l
mve
tor,....) do8i : l
mve
tor[i℄ := max(l
mve
tor[i℄ , msg_l
mve
tor[i℄) ;�rst�ag := true ;� upon (lo
al_pred ") V �rst�ag doCurrent_interval.lo = l
mve
tor ;� Upon (lo
al_pred #)V �rst�ag doCurrent_Interval.hi := l
mve
tor ;send(dbg, Current_Interval) to CHECKERPROC ;�rst�ag := �ase ;
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� Polynomial spa
e algorithm :The spa
e requirements of the original Cooper marzullo algorithm were proportional to the size oflargest level set. Re
ently [2℄ has given an algorithm that requires only polynomial spa
e. The al-gorithm performs a DFS kind of sear
h on exe
ution latti
e re
ursively. The maximum depth of there
ursion is E, where E is total number of events in the system. If global state is des
ribed by the nelement ve
tor where n is number of pro
esses then spa
e 
omplexity of the algorithm is O(nE).Algorithm 5 Polynomial spa
e algorithm for de�nitely:B� booleam nonBPath ( G , CGS)� if B(G) return false� if �nalCGS(G) return true ;� for e 2enabled(G) do� H = G S{e}� if :B(H) then� prenH {H - {f} | f 2maximal(H)� K = max { W 2prenH | :B(W) }� if ( K = G)if nonBPath(H) then return false ;� endfor� return false ;4 Regular Predi
atesIn this se
tion we des
ribe regular predi
ates that form an important 
lass of predi
ates. The notion ofregular predi
ates was proposed in [℄ and various e�
ient algorithms for this 
lass of predi
ates have beendeveloped.De�ne (Regular Predi
ate) : Let C(E) be the latti
e of 
onsistent 
uts of a 
omputation (E, ->). Apredi
ate B is regular i� for any G,H 2C(E):B(G) V B(H) ) B(GuH)VB(GtH)Regular predi
ates have many interesting properties. One of them is that the set of 
onsistent 
utssatisfying the regular predi
ate forms a sublatti
e of latti
e of 
onsistent 
uts. In terms of sli
e, the sli
ewith respe
t to regular predi
ate is always lean [8℄. This indu
ed stru
ture along with the fa
t that the latti
eof 
onsistent 
uts is distributive, helps us in designing e�
ient algorithms for regular predi
ates. Infa
t usingthe sli
ing te
hniques, regular predi
ate 
an be observed under possibly,invariant and 
ontrollable modalitye�
iently. But the 
omplexity of observing de�nitely:B is still not known [8℄.5 Simple predi
ates5.1 Simple Predi
ate S(e,f)De�ne (Simple Predi
ate) A predi
ate B is simple if 9 events e, f 2P su
h that8G 2I (P) : B(G) �((f2G) )(e2G))This is denoted by S(e,f). Thus a simple predi
ate is of the form: G satis�es B i� whenever it in
ludes f, itin
ludes e. 5



5.2 Properties of Simple Predi
ates1. S(e,f) is 
o-regular i.e. S(e,f) partitions the latti
e into two sub-latti
es.2. :S(e,f) is equivalent to the interval latti
e [J(f),M(e)℄.3. Conjun
tion of simple predi
ates de�nes a regular predi
ate.V(e; f) 2 EB S(e,f) = (regular predi
ate) B , where EB = { (e,f) | B )S(e,f)}.Using these propoerties we get some interesting fa
ts about the sli
es produ
ed by a simple predi
ateFa
t 1 : No levels are missing in the sub-latti
e formed by :S(e,f). This follows dire
lty from property 2Fa
t 2 : if B = S(e,f) then8G 2 I(P ) 9 atmost one H 2 Su

(G) : B(G) 6= B(H)(Suppose 9H1; H2 : [ {B(G) 6= B(H1)} V {B(G) 6= B(H2)}℄) [B(H1) = B(H2)℄) [ B(G) = B(H1) = B(H2) ℄ sin
e B and :B are both regular.The same is true for pred(G).Fa
t 3 : All simple predi
ates are trivially de�nitely true i.e. they are true at initial or the �nal state.Fa
t 4 : Predi
ates of the form S(e,f) are trivially true at the initial and �nal states. S(e,?) is false onthe initial 
ut, while S(>,f) is false at the �nal 
ut.Thus to a

ount for regular predi
ates that are nottrivially true i.e. they are false at the initial and �nal state, we have to introdu
e predi
ates of theform S(e,?) and S(>,f) in the 
onjun
tion.5.3 Che
king de�nitely:B using simple predi
atesDe
omposition Theorem: For any regular predi
ate B, let EB = { (e,f) | B ) S(e,f) }. Then,B = V(e; f) 2 EB S(e,f).In general, the problem of dete
ting de�nitely:B 
an be divided into dete
ting predi
ates of the forms:1. B = S(e,f)2. B = S(e,f) V S(g,h) , where both predi
ates are de�nitely true3. B = S(e,f) V B1 where B1 is a regular predi
ate and both predi
ates are de�nitely true.Now we explain how these 
ases 
an be dealt with.1. Che
king de�nitely:B for a simple predi
ateThe only simple predi
ate that is non-trival is S(>;?). But this predi
ate is false at all global states.So this 
ase in not interesting.2. Che
king de�nitely:B for 
onjun
tion of two simple predi
atesIn the only non-trivial 
ase, i.e. when the predi
ate is not true in the initial and the �nal 
ut, thepredi
ate has to be of the form S(>,f)VS(e,?)Su
h predi
ates 
an be dete
ted in the following ways:Method 1: 6
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  L( B2 | B1 )    L( !B2 | B1 ) (b) Method 2Let B1 = S(>,f)and B2 = S(e,?). Both B1 and B2 are de�nitely true. So we look at there 
onjun
tion.Take the sli
e of the latti
e L, with respe
t to predi
ate B1. As B1 is a simple predi
ate, we get two sub-latti
es, say L(B1) and L(:B1). Take the sli
e of L(B1) wr.t. B2 obtaining L(B2jB1) and L(:B2jB1).Claim: For any two simple predi
ates B1 and B2[ 9 e,X,Y ; e2E(L) , X 2L(:B2jB1) , Y2L(:B1) : e = (X,Y) ℄)[ 9 e',X',Y' ; e'2E(L) , X' 2MIR(L(:B2jB1)) , Y'2L(:B1) : e' = (X',Y') ℄Proof: Suppose 9 e,X,Y ; e2E(L) , X 2L(:B2jB1) , Y2L(:B1) : e = (X,Y). Let B1 = S(g,h). 8H2L(:B1) ) (h2H) V (g=2H)8G 2L(:B2jB1), G 2L(B1) ) [ (h2G) )(g2G) ℄Thus, e= (G,H) ) (h2H)V (g=2H) V (g=2G) V (h=2G). Hen
e we 
an add the event h to 
ut Gand get the 
ut H.If G is a meet irredu
ible element of L(:B2jB1) we are done.Else assume that there are two atleast two su

essorsG1 and G2. 9h'2P , h' 6=h su
h that GS{h'}= G1 (or G2).H1 = HS{h'} is a 
onsistent state {be
uase L is a distributive latti
e and H1 = HFG1} and H12L(:B1) {h2H1 V g=2H1} thus there exists an edge from G1 2L(:B2jB1) and H1 2L(:B1).Either G1 is a meet irredu
ible element or we 
an �nd a G2 and 
ontinuing this way we mustrea
h a meet irrdedu
ible element.If B1 and B2 are reversed then we will be able to �nd a join irredu
ible element in L(:B2jB1)Algorithm: Let B1 = S(e,f) , B2 =(g,h). B1 and B2 are de�nitely true. B = B1VB2� Obtain L(B1) and L(:B1).� Obtain L(B2jB1) and L(:B2jB1).� if ({?} 2L(:B2jB1) and {�nal state}2 L(:B1))� Find M = {all meet-irredu
ible elements of L(:B2jB1)}� A = {G | G2MV(e=2GVf=2G))}� (9 G | GS{f} is 
onsistent) � :(de�nitely:B)� else if ({final state} 2L(:B2jB1) and {?}2 L(:B1))� Find J = {all join-irredu
ible elements of L(:B2jB1)}� A = {G | G2JV(e2GVf2G))} 7



� (9 G | G-{f} is 
onsistent) � :(de�nitely:B)� else (de�nitely:B)Proof: The algorithm sear
hes for a path along where :B on ea
h 
ut. The only way that de�nitely:(B1VB2)
an be false is that there is a path from the initial 
ut to the �nal 
ut ex
lusively from L(:B2jB1)and L(:B1). :B1 is 
onne
ted to the �nal 
ut and :B2jB1 is 
onne
ted to the initial 
ut. For apath to exist there must be one edge from L(:B2jB1) to L(:B1). The algorithm dete
ts su
h aedge using the above mentioned 
laimMethod 2: Let B1 and B2 be simple predi
ates. B1 = S(>,f) and B2 = S(e,?). B=B1VB2Algorithm:� Sli
e the latti
e L with respe
t to B1 to obtain L(B1) and L(:B1).� Now further sli
e both these latti
es with reste
t to B2 to obtain latti
e L(:B2j:B1), L(B2j:B1),L(:B2jB1) and L(B2jB1).� (L(:B2j:B1) = {�}) � (B=B1VB2 is de�nitely true)Proof: L(:B) = L(:B2j:B1) SL(:B2jB1) S L(B2j:B1)f 2L(:B1) V f=2L(B1) . Also e =2L(:B2) V e2L(B2) .L(B2j:B1) and L(:B2jB1) 
an never be 
onne
ted by an edge (1){?}2 L(:B2jB1) and {�nal state}2 L(B2j:B1)[)℄ (L(:B2j:B1) = {�})From (1) we get that there 
an be no 
onne
tion between any two of L(:B2j:B1), L(B2j:B1),L(:B2jB1).Hen
e de�nitely:B[(℄ de�nitely:BThus there is no path from L(:B1) to L(:B2)if ( L(:B2j:B1)6= {�}) then L(:B2j:B1) is 
onne
ted with both L(B2j:B1) and L(:B2jB1).Hen
e L(:B1) is 
onne
ted to L(:B2) ℄3. Che
king de�nitely:B for a general 
aseIn the general 
ase, we have to �nd the 
onjun
tion of a simple predi
ate with a regular predi
ate. Ifwe are able to do this, then using the de
omposition theorem, we 
an 
he
k for de�nite modality of anypredi
ate. Here we suggest some method that 
an be used for dete
ting de�nitely:B, B=S(e,f)VB1 ,where B1is regular.� By de
omposition theorem B1 is a 
onjun
tion of simple predi
ates. Thus :B1 is a disjun
tionof negation of simple predi
ates, so the sli
e of :B1will be a ranked poset� Consider the ranked poset formed by the union of L(:S) and L(:B1). Let h be the �height� ifthis poset.de�ntitely:B �h �(n-1), where n is the height of the original latti
e.Thus we need to �nd an e�
ient algorithm of determining the height of a ranked poset.De�ne (non-trivial Simple Predi
ate): A predi
ate B0 is a non-trivial simple predi
ate su
h that [B0is false at initial and �nal state℄ V [B0=S(e,f) otherwise℄Note that non trivial simple predi
ates are not regular.8



5.4 dete
ting de�nitely:B for the type of predi
ates B0B' 
an be of the following forms1. B'= { false; at initial and final stateS(e;?) otherwise }B0 will not be de�nitely true only if :S(e,?) is 
onne
ted to the �nal state.This is possible only if e is the last event on a pro
ess.2. B'= { false; at initial and final stateS(>; f) otherwise }B0 will not be de�nitely true only if :S(>,f) is 
onne
ted to the initial state.This is possible only if f is the �rst event on a pro
ess.3. B'= { false; at initial and final stateS(e; f) otherwise }B0 will not be de�nitely true only if :S(e,f) is 
onne
ted to the initial and also to the �nal state.So height of L(:S(e,f)) < (n-2)) ) de�nitely:B6 de�nitely:B for Two Pro
esses6.1 TheoremLet B be a regular predi
ateIf :B is true at the �nal state and every join-irredu
ible element has a :B prede
essor thende�nitely:B is falseProof: Every state x other than the join-irredu
ible state has atleast two prede
essors, say y and z.if :B(x)then :B(y) W :B(z).{ if B(y) V B(z) ) B(x) as B is regular }Hen
e starting from the �nal state (where the predi
ate B is false) we 
an always move to a prede
essorstate where B is false. Continuing this way, we will rea
h the initial state and hen
e we have found apath along whi
h B is always false. Hen
e de�nately:B is false.De�ne: Corner Elementx is a 
orner element i�{(9m 2MIR : m 2prede
essor(x)) V (9j 2 JIR : j2su

essor(x)) }6.2 ClaimFor a two pro
ess system,(de�nately:B) ) 9x 2 fJ SCg : B(x)whereJ = (Set of all join irredu
ible elements)C = (Set of all 
orner elements)Proof: The proof of the 
laim follows immediately from theorem 6.1
9



6.3 AlgorithmFun
tions:boolean 
anMove( Pro
ess Pi ){ return (Pi.nextState is 
onsistent && :B(Pi.nextState) }void move(Pro
ess Pi){ move forward on pro
ess Pi }boolean exhaust(Pro
ess Pi){ 
he
k if have rea
hed final state in Pi }boolean dete
t(Pro
ess Pi , Pro
ess Pj)//Pi is the pro
ess on whi
h we are moving//Pj is the other pro
ess{boolean flag = true ;while(:exhaust(Pi) && flag){ flag = false ;while(
anMove(Pi)){ move(Pi) ; flag = true ; }while(:exhaust(Pj)){ move(Pj) ; flag = true ;if(
anMove(Pi) && :B(present state)){ move(Pi) ; break ; }}}return :flag ;}boolean dete
tDefinately(){ return (dete
t(P1,P2)&&dete
t(P2,P1)) ; }6.4 Explanation of the proofThe algorithm is based on the 
laim 6.2. We redu
e the original latti
e to a sub-latti
e, 
ontaining initialand �nal state su
h thatLemma 1: One path is eliminated at a step.Lemma 2: All paths eliminated were 'bad'.Lemma 3: Either the 
ondition of the 
laim are true on the sub-latti
e, implying that de�nately:B is false;else su
h a sub-latti
e 
an not be found, and hen
e de�nately:B is true.Proofs:
10
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Figure 1 Figure 2There are two 
ases as shown in the above �gures. The state where the predi
ate is true 
an be ajoin irredu
ible state (6.4) or a 
orner element (6.4). In both 
ases we go to element E. The path that iseliminated is B-C-D. The only way that we 
an go to these elements is through element where the predi
ateis true. So only the bad paths are eliminated.We 
an also 
onsider the elimination of points as a happened-before relationship. We are introdu
inghappened-before realtionship to make the 
ut where where the predi
ate is true on a join irredu
ible elementor 
orner element to an in
onsistent state.When one pro
ess is exhausted, we get one boundary of the sub-latti
e. We repeat the pro
ess for theother pro
ess to get the other boundary. De�nitely true modality of the predi
ate 
an be determined by thefa
t that the �nal state is in the sub-latti
e or not.Order of the Algorithm: In the worst 
ase the algorithm takes 2� (e1 + e2) moves, where ei isthe number of events on pro
ess Pi . Thus the algorithm is of O(e1 + e2)7 Con
lusion and Future WorkIn this paper we present algorithms for dete
ting de�nitely true on a two pro
essor system. We are alsoable to dete
t de�nite:B when B is a 
onjun
tion of two simple predi
ates. We believe that it is possible todete
t de�nitely:B using 
onjun
tion of simple predi
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