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1 Introdu
tionIn this paper, starting from De�nition 8.8 in [3℄, we design a new (and as it seems tous rather 
ompa
t and elegant) notion of SLDNF-tree together with the appropriatede�nition of fairness su
h that the following \strong 
ompleteness theorem" 
an beestablished:TheoremLet S be an input/output spe
i�
ation, P an S-
orre
t logi
 program, T a fair SLDNF-tree for G w.r.t. P .a) If G is S-
orre
t and 
omp(P ) j=3 G� then T is su

essfull and yields a 
om-puted answer substitution � su
h that G� is an instan
e of G�.b) If G is S-
losed and 
omp(P ) j=3 :G then T is �nitely failed.This theorem extends St�ark's 
ompleteness result from [7℄ (
f. also Theorem 8.52 in[3℄) where only the existen
e of some su

essfull (�nitely failing, resp.) SLDNF-treeis proved. It also partly extends Drabent's result in [4℄, sin
e it refers to the extensionof SLDNF-resolution (used in [7℄ and [3℄) where also non-ground negative literalsmay be sele
ted. A
tually we do not prove the Theorem as it stands but refer tothe intermediate sets YESP and NOP introdu
ed in [7℄. These sets 
orrespond to asequent 
al
ulus introdu
ed by the author in [1℄. From [7℄ it follows that for S-
orre
tP we have 
omp(P ) j=3 G, G 2 YESP , for all S-
orre
t G, and 
omp(P ) j=3 :G,G 2 NOP , for all S-
losed G.The se
ond purpose of this note is to demonstrate the usefulness (at least fortheoreti
al investigations) of a 
ertain notion of SLD(NF)-derivation impli
itely in-trodu
ed in ([2℄, pg. 495, De�nition 3.18) and ([5℄, pp. 151�). Instead of a derivationG0 �1��! G1 � � �Gi �i+1��! Gi+1 � � � in the usual sense we 
onsider the 
orrespondingsequen
e of resultants �i := Gi!G0�1:::�i. The main advantage of this approa
h isthat the relation between two adja
ent members of the sequen
e �0;�1; : : : 
an bedes
ribed lo
ally without a 
ondition on the \previously released variables" (or some\standardizing apart" 
ondition): �i+1 is a most general unrestri
ted resolvent of �i(w.r.t. some rule K and position � in Gi).
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2 Closure properties of the sets YESP , NOPBasi
 NotionsWe use the following synta
ti
 variables:�; �; �; �; # for substitutions (Subst := set of all substitutions),A;B for atoms,L;L1; L2; ::: for literals, i.e. atoms A and negated atoms :A,G;H;Q;� for queries, i.e. formulas of the shape L1^:::^Ln (the empty query isdenoted by ),K for rules, i.e. formulas of the shape Q!A ( !A is identi�ed with A).For (quanti�erfree) formulas F; F 0:F � F 0 :, F 0 � F :, F 0 is an instan
e of F , i.e. 9�(F� = F 0).var(F ) := set of all variables o

urring in F .A rule �!B is appli
able to an atom A i� A and B have a 
ommon instan
e, i.e. if9�; �(B� = A� ). Remark: K is appli
able to A i� 9Q; �(K � Q!A� ).A logi
 program is a �nite set of rules.If P is a logi
 program thenP 0 := fK� : K 2 P & � 2 Substg,P (A) := fK 2 P : K is appli
able to Ag.Expressions of the shape G^ � ^G0 are 
alled q-forms.If � = G^ � ^G0 is a q-form then�� := G�^ � ^G0�,�[Q℄ := G^Q^G0,�[ ℄ := �[ ℄ = G^G0,�(�) := i where G = L1^:::^Li�1.We use �;�0; ::: as synta
ti
 variables for q-forms.From now on let P be an arbitrary but �xed logi
 program.De�nition 1 (Indu
tive de�nition of the sets YESnP and NOnP )(Y1) 2 YESnP(Y2) Q!A 2 P 0 & �[Q℄ 2 YESnP =) �[A℄ 2 YESn+1P(Y3) �[ ℄ 2 YESkP & A 2 NOmP =) �[:A℄ 2 YESk+m+1P(N1) (8�;Q)(Q!A� 2 P 0 ) ��[Q℄ 2 NOnP ) =) �[A℄ 2 NOn+1P .(N2) A 2 YESnP =) �[:A℄ 2 NOn+1P .Corollary 2 YESnP � YESn+1P and NOnP � NOn+1P .De�nition 3 YESP := Sn<! YESnP , NOP := Sn<! NOnP .Remark 4 Our (Y3) di�ers a little bit from (Y3) in [7℄, but one easily veri�es thatthe resulting sets YESP , NOP are the same as in [7℄.2



Lemma 5 a) G 2 YESnP (NOnP ) =) G� 2 YESnP (NOnP ).b) �[H ℄ 2 YESnP () 9k;m(n = k+m & �[ ℄ 2 YESkP & H 2 YESmP ).
) �[ ℄ 2 NOnP =) �[H ℄ 2 NOnP .Proof by indu
tion on n:a) We only 
onsider (N1). In all other 
ases the 
laim follows immediately from theIH (or is trivial). Let G = �[A℄ and (8�;Q)(Q!A� 2 P 0 ) ��[Q℄ 2 NOnP ). Then(8�;Q)(Q!A�� 2 P 0 ) ���[Q℄ 2 NOnP ) and thus by (N1) ��[A�℄ 2 NOn+1P .b) straightforward.
) Let � 2 NOn+1P and w.l.o.g. � = G^�.Then �[ ℄ = G and one of the following two 
ases holds.1. G = �0[A℄ with (8�;Q)(Q!A� 2 P 0 ) �0�[Q℄ 2 NOnP ):Then by IH (8�;Q)(Q!A� 2 P 0 ) �0�[Q℄^H� 2 NOnP ), and thus by (N1)�[H ℄ = �0[A℄^H 2 NOn+1P .2. G = �0[:A℄ with A 2 YESnP : Then (N2) yields �[H ℄ = �0[:A℄^H 2 NOn+1P .Lemma 6 (Splitting-Lemma)G^G0 2 NOnP & var(G) \ var(G0) = ; =) G 2 NOnP or G0 2 NOnP .Proof by indu
tion on n:Let G^G0 2 NOn+1P . Then w.l.o.g. one of the following two 
ases holds:1. G = �[A℄ and (8�;Q)(Q!A� 2 P 0 ) ��[Q℄ ^G0� 2 NOnP ).Assume G0 62 NOn+1P (otherwise we are �nished).Then also G0 62 NOnP , and by Lemma 5a we get G00 62 NOnP for ea
h variant G00 of G0.We now prove 8�;Q(Q!A� 2 P 0 ) ��[Q℄ 2 NOnP ), whi
h by (N1) yields G 2NOn+1P . Let Q!A� 2 P 0. Sin
e var(�[A℄) \ var(G0) = ;, there is a substitution �0su
h that A�0 = A�, ��0 = ��, var(��[Q℄) \ var(G0�0) = ; and G0�0 � G0.We now 
on
lude as follows:Q!A�0 = Q!A� 2 P 0 ) ��[Q℄^G0�0 = ��0[Q℄^G0�0 2 NOnP IH) ��[Q℄ 2 NOnP .2. G = �[:A℄ and A 2 YESnP : Then � 2 NOn+1P by (N2).Lemma 7 (Inversion-Lemma)a) �[A℄ 2 YESnP =) n > 0 & 9Q(Q!A 2 P 0 & �[Q℄ 2 YESn�1P ).b) �[A℄ 2 NOnP & Q!A 2 P 0 =) �[Q℄ 2 NOnP .Proof a) By L.5b there are k;m su
h that n = k+m and �[ ℄ 2 YESkP , A 2 YESmP .The latter yields m > 0 and 9Q(Q 2 YESm�1P & Q!A 2 P 0 ). Again by L.5b weobtain �[Q℄ 2 YESk+m�1P = YESn�1P .b) Indu
tion on n: Let �[A℄ 2 NOn+1P . W.l.o.g. we may assume that � = G^� .Then one of the following 
ases holds:1. 8Q0; �(Q0!A� 2 P 0 ) ��[Q0℄ 2 NOnP ):Then �[Q℄ 2 NOnP � NOn+1P , sin
e Q!A 2 P 0.2. G = �0[B℄ and 8Q0; �(Q0!B� 2 P 0 ) �0�[Q0℄^A� 2 NOnP ):Sin
e 8�(Q�!A� 2 P 0), by IH we get 8Q0; �(Q0!B� 2 P 0 ) �0�[Q0℄^Q� 2 NOnP ).Hen
e by (N1) �[Q℄ = �0[B℄^Q 2 NOn+1P .3. G = �0[:B℄ and B 2 YESnP : Then �[Q℄ = �0[:B℄^Q 2 NOn+1P by (N2).3



NoteLemmata 5,6,7 and their proofs have been extra
ted from se
tion 2.1 of [6℄.3 SLDNF-resolutionFormulas of the shape G!H are 
alled r-formulas.Expressions of the shape �!H , where � is a q-form, are 
alled r-forms.If � = �!H is an r-form then �� := ��!H�, �[Q℄ := �[Q℄!H , �(�) := �(�).Synta
ti
 variables: � for r-forms, and �;	 for r-formulas.De�nition 8 �0 is 
alled a u-resolvent of � w.r.t. (�;K) ( in symbols � u��*(�;K) �0 ),if there are �; A;Q; � su
h that � = �[A℄, �0 = ��[Q℄, Q!A� � K and �(�) = �.�0 is 
alled a resolvent of � w.r.t. (�;K) ( in symbols � ��*(�;K) �0 ),if �0 is a most general u-resolvent of � w.r.t. (�;K),i.e. � u��*(�;K) �0 & 8�00( � u��*(�;K) �00 ) �0 � �00 ).�0 is 
alled resolvent of � w.r.t. P ( in symbols �0 ��*P � ),if � ��*(�;K) �0 for some K 2 P , � 2 IN.(�K)K2J is 
alled a 
omplete family of resolvents for � w.r.t. P( in symbols � ���*P (�K)K2J ), if there are �, A su
h that� = �[A℄, J = P (A) and (8K2P (A)) � ��*(�;K) �K where � := �(�).Lemma 9 For � = �[A℄, � := �(�) and K the following statements are equivalent:(i) K 2 P (A).(ii) � u��*(�;K) �0 for some �0.(iii) � ��*(�;K) 	 for some 	.Proof (i))(iii): Let �!B a variant of K su
h that var(�) \ var(�!B) = ;.Sin
e K 2 P (A) and var(A) \ var(B) = ;, the atoms A;B are uni�able. Let � bea most general uni�er of A;B, and let 	 := ��[��℄. We prove � ��*(�;K) 	: Sin
e��!A� � K, 	 is a u-resolvent of � w.r.t. (�;K). Now let �0 be an arbitrary u-resolvent of � w.r.t. (�;K). Then �0 = ��[Q℄ with Q!A� � K � �!B. Sin
evar(�[A℄) \ var(�!B) = ;, we may assume that Q = �� and A� = B�. Hen
e� = �� for some � and thus �0 = ���[���℄ � 	.(iii))(ii) and (ii))(i) are trivial.Lemma 10 G!H ���*P (GK!HK)K2J & 8K2J(GK 2 NOP ) =) G 2 NOP .Proof By assumption there are �; A su
h that G = �[A℄, J = P (A) andG!H ��*(�;K) GK!HK for all K 2 J (with � := �(�)). By the se
ond assumption (andsin
e J is �nite) there exists an n su
h that GK 2 NOnP for all K 2 J . Now letQ!A� 2 P 0. We have to prove: ��[Q℄ 2 NOnP . (Then the 
laim follows by (N1).)For some K 2 J we have Q!A� � K. Then G!H u��*(�;K) ��[Q℄!H� and G!H ��*(�;K)GK!HK whi
h yields GK � ��[Q℄. Together with GK 2 NOnP by Lemma 5a we nowobtain ��[Q℄ 2 NOnP . 4



De�nition 11 An SLDNF-tree for P is a fun
tion T su
h thatI. ; 6= dom(T ) � fh�0; :::; �n�1i : n 2 IN & �0; :::; �n�1 2 P [ f0; 1gg and8h�0; :::; �ni 2 dom(T )( h�0; :::; �n�1i 2 dom(T ) ).II. For ea
h � 2 dom(T ) T (�) is a r-formula and one of the following 
ases holds:(0) T (�) = !H and � is a leaf of T ,(1) There are �; A su
h that T (�) = �[A℄, f� : ��h�i 2 dom(T )g = P (A) and,T (�) ��*(�;K) T (��hKi) for all K 2 P (A) (where � := �(�) )(We say that the literal A is sele
ted at �.)(2) There are �; A su
h that T (�) = �[:A℄, f� : ��h�i 2 dom(T )g = f0; 1g,T (��h1i) = A!A, andT (��h0i) = ��[ ℄ if var(A) = ;�[:A℄ otherwise , (:A is sele
ted at �).In other words: An SLDNF-tree for P is a �nitely bran
hing downward growing(possibly in�nite) tree of r-formulas whi
h is 
orre
t with respe
t to the followingrules:(0) !H(1) �::::�K ::::(K2J) if � ���*P (�K)K2J(2) �[:A℄�[ ℄ A!A if var(A) = ;(2') �[:A℄�[:A℄ A!A if var(A) 6= ;.Remark 12 1. If (�;�) is a leaf of an SLDNF-tree then either � = !H or� ���*P (�K)K2J with J = ;.2. Ea
h subtree of an SLDNF-tree is itself an SLDNF-tree.Convention: In the following T always denotes an SLDNF-tree for P .Abbreviations:" := h i (the empty sequen
e, i.e. the root)T = (�; (T�)�2I) :, T (") = � and (T�)�2I is the family of immediate subtrees of T .In 
ase that I = f0; :::; n�1g we also write (�;T0; :::; Tn�1) instead of (�; (T�)�2I).For � 2 dom(T ) let T j� be the subtree determined by �,i.e., dom(T j�) := f� : � � � 2 dom(T )g and T j�(�) := T (� � �).Let no be a new symbol. A generalized answer is either a query or the symbol no.We now de�ne a relation T `̀ X between SLDNF-trees T and generalized answers X .As one easily veri�es this relation `̀ has the property that if T (") = G!H & T `̀ H 0then H 0 is an instan
e of H . Further if T (") = G!G then \T `̀ G�" 
orresponds to\T is su

essful and yields �jG as a 
omputed answer substitution", and \T `̀ no"
orresponds to \T is �nitely failed" in [3℄.5



De�nition 13 (Indu
tive de�nition of T `̀ X)0. T = ( !H ; ) ) T `̀ H1. T = (�[A℄; (TK)K2P (A)):1.1. (9K2J)TK `̀ H ) T `̀ H .1.2. (8K2J)TK `̀ no ) T `̀ no.2. T = (�[:A℄;T0; T1) and T0(") 2 f�[ ℄;�[:A℄g, T1(") = A!A:2.1. T0 `̀ H & T1 `̀ no ) T `̀ H .2.2. T1 `̀ A0 � A ) T `̀ no.2.3. T0 `̀ no ) T `̀ no.2.4. T0 `̀ H & T0(") = T (") ) T `̀ H .The following �gures are intended to make the above de�nition more transparent.0. !H :H , 1.1. �:H�K :H , 1.2. �: no: : :�K : no : : : (K2J)2.1. �[:A℄:H�[ ℄:H A!A: no , 2.2. �[:A℄: no�[(:A)℄ A!A:A0 with A0 � A2.3. �[:A℄: no�[(:A)℄: no A!A , 2.4. �[:A℄:H�[:A℄:H A!ARemark 14 1. In 
lause 2.2 of the above de�nition a
tually A0 is a variant of A,sin
e T1(") = A!A & T1 `̀ A0 implies A � A0.2. If T `̀ X holds then this fa
t is already established by a �nite initial segment ofT . In other words: Assume that for �nite initial segments ~T of SLDNF-trees we havede�ned the relation ~T `̀ X by the same 
lauses as for SLDNF-trees. Then for ea
hSLDNF-tree T we have T `̀ X if and only if ~T `̀ X for some �nite initial segment ~Tof T .Theorem 15 (Corre
tness)a) T (") = G!H & T `̀ H 0 =) (9#)H# � H 0 & G# 2 YESP .b) T (") = G!H & T `̀ no =) G 2 NOP .Proof by indu
tion on the de�nition of `̀ :a) Let T = (G!H ; (T�)�2J).0. G = and H 0 = H : # := id.1.1. G = �[A℄, Q!A� � K 2 P and TK(") = ��[Q℄!H� & TK `̀ H 0:By IH there is a # su
h that H�# � H 0 & ��[Q℄# 2 YESP .Sin
e Q#!A�# 2 P 0, it follows that G�# = ��#[A�#℄ 2 YESP .2.1. G = �[:A℄, T0(") = �[ ℄!H & T0 `̀ H 0, T1(") = A!A & T1 `̀ no:By IHa there is a # su
h that H# � H 0 & �[ ℄# 2 YESP .By IHb we get A 2 NOP and thus (by L.5a) also A# 2 NOP . Hen
e �[:A℄# 2 YESP .6



2.4. G = �[:A℄, T0(") = T (") & T0 `̀ H 0:In this 
ase the 
laim follows immediately from IH.b) 1.2. TK(") = GK!HK & TK `̀ no for all K 2 J = P (A):By IHb GK 2 NOP for all K 2 J . By Lemma 10 this implies G 2 NOP .2.2. G = �[:A℄ and T1(") = A!A & T1 `̀ A0 � A:By IHa there is a # su
h that YESP 3 A# � A0 � A.By Lemma 1a from this we get A 2 YESP and thus G 2 NOP .2.3. G = �[:A℄, T0(") = �[(:A)℄!H & T0 `̀ no:By IHb �[(:A)℄ 2 NOP . This implies G 2 NOP (
f. L.5
).Corollary 16 T (") = G!G & T `̀ G� =) G� 2 YESP .De�nition 17 A main bran
h in T is a sequen
e (�j)j<N (with 0 < N � !) of nodesin T , su
h that for all j < N :(i) j + 1 < N ) �j+1 = �j�h�i for some � 2 P [ f0g,(ii) j + 1 = N ) �j is a leaf node in T .A main bran
h is 
alled fair if either it terminates with a leaf (�;�[A℄) su
h thatP (A) = ; or for ea
h literal L in it after �nitely many steps a des
endent of L issele
ted. T is 
alled fair, if all its main bran
hes are fair.Obviously for ea
h program P and goal G a fair SLDNF-tree 
an be de�ned.De�nition 18Let C+; C� be sets of queries.P is 
alled a (C+; C�)�-program, if the following 
onditions are satis�ed:(S1) G 2 C+ (C�) ) G� 2 C+ (C�),(S2) Q!A 2 P 0 & �[A℄ 2 C+ (C�) ) �[Q℄ 2 C+ (C�),(S3) �[:A℄ 2 C+ & var(A) 6= ; ) � 
ontains at least one positive literal,(S4) �[:A℄ 2 C+ & var(A) = ; ) �[ ℄ 2 C+ & A 2 C�,(S5) �[:A℄ 2 C� ) �[ ℄ 2 C� & A 2 C+.Remark 19 The above de�nition is a modi�
ation of St�arks de�nition of (C+; C�)-programs in [7℄. As one easily veri�es, the following holds: if S is an input/outputspe
i�
ation, P is S-
orre
t, and C+ (C�) is the set of S-
orre
t (S-
losed) queries inthe sense of [7℄, then P is a (C+; C�)�-program. But, as one of the referees noti
ed,not every (C+; C�)-program is a (C+; C�)�-program.Theorem 20 (Strong Completeness)Assume that T is a fair SLDNF-tree with T (") = G!H , and P is a (C+; C�)�-program.a) G� 2 YESnP & G 2 C+ =) (9H 0) T `̀ H 0 � H� (in parti
ular if G=H then(9�) T `̀ G� � G�).b) G 2 NOnP & G 2 C� =) T `̀ no. 7



Proof by indu
tion on n: Let T = (G!H ; (T�)�2J).a)Proposition 1:There exists a node � = h0; :::; 0i 2 dom(T ) (� may be empty) su
h thatT (") = T (h0i) = T (h0; 0i) = : : : = T (�) and (� � h0i 2 dom(T )) T (� � h0i) 6= T (�)).Proof: Assume the 
ontrary. Then for all k 2 IN we have �k := h kz }| {0; :::; 0i 2 dom(T )and T (�k) = T (") whi
h means that at every node �k a non
losed negative literal issele
ted and in parti
ular G 
ontains a non
losed negative literal. Now, sin
e G 2 C+,by (S3) it follows that G 
ontains at least one positive literal B a des
endent of whi
hwill be sele
ted at some �k (due to the fairness of T ). Contradi
tion.Now let � be as in Proposition 1. Obviously we have (T j� `̀ X ) T `̀ X). Thereforew.l.o.g. we may assume that � = " and thus one of the following 
ases holds.0. G = and J = ;: H 0 := H .1. G = �[A℄, � = �(�), and G!H ��*(�;K) TK(") for all K 2 J = P (A):From G� 2 YESnP it follows by L.7a that there exists a query Q and a rule K 2 P (A)su
h that ��[Q℄ 2 YESn�1P and K � Q!A�. Then G!H u��*(�;K) ��[Q℄!H� andG!H ��*(�;K) TK(") =: GK!HK . Hen
e GK�0 = ��[Q℄ 2 YESn�1P and HK�0 = H� forsome �0. From G 2 C+ we get GK 2 C+ by (S1),(S2). Now by IH there is an H 0 su
hthat TK `̀ H 0 � H�. And TK `̀ H 0 implies T `̀ H 0.2. G = �[:A℄, T0(") = �[ ℄!H , T1(") = A!A and var(A) = ;:From G 2 C+ we get �[ ℄ 2 C+ and A 2 C� by (S4). From G� 2 YESnP by L.5b we getn > 0, �[ ℄� 2 YESn�1P , :A = :A� 2 YESnP . The latter implies A 2 NOn�1P . Hen
eby IH T1 `̀ no and T0 `̀ H 0 � H� for some H 0. From T0 `̀ H 0 and T1 `̀ no we getT `̀ H 0.b)Proposition 2:Every main bran
h of T starting with " 
ontains a node � su
h that T j� `̀ no.From this we get T `̀ no, sin
e otherwise there would be a main bran
h (�j)j<Nstarting with " su
h that T j�j 6`̀ no for all j < N .Proof of Proposition 2:Let (�j)j<N be a main bran
h of T starting with �0 = ". Let T (�j) = Gj!Hj . Thenby (S1),(S2),(S5) Gj 2 C� for all j < N .1. Assume that the bran
h terminates with T (�l) = �[A℄ su
h that J = P (A) = ;.Then T j�l `̀ no.2. Assume that there is an l s.t. Gl = �0[:A0℄, T (�l�h1i) = A0!A0 and A0 2 YESn�1P .From Gl 2 C� we get A0 2 C+ by (S5). By IHa there is an A00 s.t. T j�l�h1i `̀ A00 � A0.From this we get T j�l `̀ no.3. Otherwise: Then, sin
e G 2 NOnP , n > 0 and one of the following two 
ases holds:3.1. G = �[:A℄ with A 2 YESn�1P :Sin
e T is fair, there exists an l su
h that Gl = �0[:A0℄, T (�l � h1i) = A0!A0 andA � A0. From A 2 YESn�1P we get A0 2 YESn�1P and thus 
ase 2. holds.3.2. G = �[A℄ with 8Q; �(Q!A� 2 P 0 ) ��[Q℄ 2 NOn�1P ):By side indu
tion on l we prove:(+) Gl=�0[A0℄ & A0 des
endent of A & Q!A0� 2 P 0 =) �0�[Q℄ 2 NOn�1P .8



If l = 0, then �0 = � and A0 = A, from whi
h together with Q!A0� 2 P 0 the 
laimfollows.Now let l > 0. Then one of the following three 
ases holds.(i) Gl�1 = �00[B℄ (where B not a des
endent of A) and Gl = �00� [�℄ with �!B� 2 P 0:W.l.o.g. Gl�1 = B ^�0[A0℄, �0 = �^�0� und A0 = A0� , where A0 is a des
endent ofA. Further we have Q!A0�� 2 P 0, from whi
h by side-IH we get B�� ^ �0��[Q℄ 2NOn�1P . Sin
e ��!B�� 2 P 0, L.7b now yields �0�[Q℄ = ��^�0��[Q℄ 2 NOn�1P .(ii) Gl�1 = Gl: Then the 
laim follows immediately from the side-IH.(iii) Gl�1 = :B^�0[A0℄ & T (�l�1�h1i) = B!B, where B is 
losed:By side-IH we have :B^�0�[Q℄ 2 NOn�1P . By L.6 it follows that �0�[Q℄ 2 NOn�1Por :B 2 NOn�1P . The latter would imply B 2 YESn�1P and we were in 
ase 2. So�0�[Q℄ 2 NOn�1P holds.Sin
e T is fair, there exists an l, su
h that Gl = �0[A0℄, A0 is des
endent of A, andGl+1 = �0�[Q℄ with Q!A0� 2 P 0. By (+) from this we get Gl+1 2 NO<nP and thusT j�l+1 `̀ no by IHb.A
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