NSD with right recursion
options
start_node_filter = "x, u";

end

grammar NSD_right_rec

terminal stmt(4), cond(4), while(6);

nonterminal S(0), NSD(4), Stmt(4);

start S;

SO ::= NSD(x,y,u,v)

NSD(x,y,u,v) ::= Stmt(x,y,r,s) NSD(r,s,u,v)
|  Stmt(x,y,u,v)

Stmt (x,y,u,v) t:= stmt(x,y,u,v)

| cond(x,y,r,s) NSD(r,m,u,n) NSD(m,s,n,v)
| while(x,y,r,s,u,t) NSD(r,s,t,v)
end

NSD with left recursion

options
start_node_filter = "x, u";
end

grammar NSD_left_rec

terminal stmt(4), cond(4), while(6);

nonterminal  S(0), NSD(4), Stmt(4);

start S;

SO ::= NSD(x,y,u,v)

NSD(x,y,u,v) ::= NSD(x,y,r,s) Stmt(r,s,u,v)
| Stmt(x,y,u,v)

Stmt (x,y,u,v) 1:= stmt(x,y,u,v)

| cond(x,y,r,s) NSD(r,m,u,n) NSD(m,s,n,v)
| while(x,y,r,s,u,t) NSD(r,s,t,v)
end
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NSD with right recursion

State go(a,b)

S() — «NSD(a, n1,b,ns)

(
NSD(a,ng,b,n4) — .Stmt(a,ng,b, n4)
NSD(a, ns, b, ng) — .Stmt(a, n5, n7,ng) NSD(n7, ng, b, ng)
Stmt(a, Ng, b, 77,10) — . cond(a, Ng,N11, Tllg) NSD(nH, nis, b7 n14) NSD(nlg, Nniz2,N14, 77,10)
Stmt(a,n15,b,n16) — .stmt(a,n15,b,n16)
Stmt(a, ni7, b, ’I’ng) — . While(a, n17,MN19, N20, b, 7121) NSD(nlg, N20,M21, 7118)
Stmt(a, Nn922,MN923, n24) — . COI’ld(CL7 No2,N25, ’I’L26) NSD(n25, no7,N23, 77,28) NSD(TL277 N26, 1N28, n24)
Stmt(a, N29, N30, ngl) — stmt(a, N29, N30, n31)
Stmt(a, n32, N33, 77,34) — While(a, n32,N35,M36, 133, n37) NSD(’IL357 n3e, 137, Tl34)

NSD(no7 ni, na, 7’L3)

ng = a,n1T,n2 = b,n3t
S’Emt(ﬂo7 ni,na, n3)

ng = a,nit,ne = b,n3t
Stmt(no, ni,na, Tlg)

ng = a,n1T,nat, nat
cond(ng, n1, nae, n3)

ng = a,n1T,nat, n3t
stmt(ng, n1, 2, n3)

ng = a,n1T,ne = b,n3t
stmt(ng, n1, na, ng)

ng = a,n1T,n2t, n3t
while(ng, ny,n2, N3, N4, n5)

ng = a,nit, nat, ngt,ng = b, nst
while(ng, n1,n2, N3, N4, Ni5)

ng = a, anv n2Ta n3T7 n4T7 7'L5T

Q8(n0,n1,n2,n3)

q4(n0,n1,n2,n3)

%(no,nh b, nz,n3)

%(710,711, b, n2,n3)

Q1(n07n17n27n3)

QI(n07n17n27n3)

(I2(n0,n1,n4,n2,n3,n5)

qQ(nOanlan4an2an33n5)

State q1(a,b,c,d)
| Stmt(a, b, c,d) = stmt(a,b,c,d). [stmi]]

State gz2(a,b,c,d, e, f)
Stmt(a,b,c,n1) — while(a,b,d, e, c, f) . NSD(d, e, f,n1)
NSD(d, e, f,n2) — .Stmt(d, e, f,n2)
NSD(d, e, f,n3) — .Stmt(d, e, ng,n5) NSD(ng,ns, f,ns3)
Stmt(d, e f, ng) — COI”ld(d7 e, ny, ng) NSD(TW, ng, f, ’nlo) NSD(ng7 ng, N0, n6)
Stmt(d, e, f,n11) — .stmt(d,e, f,ni1)
(
(
(
(

Stmt(d, e, f,n12) — .while(d, e, n13, 114, f, n15) NSD(n13, 114, n15, 12)

Stmt(d, e, n16,n17) — .cond(d, e, n1g,n19) NSD(n1s, 129, 1116, n21) NSD(n20, 19, N21, 17)
Stmt d, €, 929, TL23) — . stmt(d, €, na9, TL23)

Stmt(d, e, noa, n25) — «while(d, e, nag, nar, naa, nag) NSD(nag, nar, nas, nas)

NSD(nOanlanQarnﬁ)

no =d,n1 = e,nz = f,nzt
Stmt(ng, n1,n2,n3)

ng =d,ny = e,na = f,n3t
Stmt(ng, n1,n2,n3)

no = da ny =e, nQTa TL3T
cond(no,nl,ng,ng)

no = d7 ny =e, n?Ta nBT
Stmt(’l’Lo,’l’Ll,’l’LQ,nz;)

ng = d,?’ll =€e,nNg = f,ngT
stmt(no,nl,ng,ng)

no = d,n1 = e, naf, n3t
While(n07n17n27n37n47n5)

no = d,n1 = e, not,nst,ng = f,nst
while(ng, n1,n2,n3, ng, n5)

no = da ny =e, n?T? nSTa 'I'L4T, nST

Q9(aa ba C, 77'3377'0377'17“2)

q4(n0,n1,n2,n3)

q5(n07n17 f,'l’LQ,’I’L?,)

q3(n0,n17 .fa na, TL3)

q1 (n07n1,n2>n3)

Q1(n0,n1,n2,n3)

QQ(TLo,TLl,TL4,TL2,TL3,TL5)

qg(n(),nl,n4,n2,n3,n5)



State gs(a,b,c,d, e)

Stmt(a, b, ¢, n1) — cond

(a,b,d,e) .
Stmt(a, b, ng, ns) — cond(a,b,d,e) .

NSD(d7 na, C, nS) NSD(TLQ, €, n3, nl)
NSD(d, ng, ng,n7) NSD(ng, €, n7, ny)

NSD(d ng,ng,nw) — .Stm

t
NSD(d TL13,7114,’/L15) — . Stmt

d,ng,ni1, n12) NSD(nn, ni2, Ny, Tllo)
d,n13,n14, 7115)

(

(

NSD(d n16, C, ’I’L17) — . Stmt(d, n16, 1N18, 7119) NSD(nlg, n19,C, 7’L17)
NSD(d Nn20, C, 77,21) — .Stmt(d, n20, C, ’ngl)

Stmt(d, nag, nog, noa) — «cond(d, naz, nas, nog) NSD(nas, naz, nas, nag) NSD(ner, nag, nes, naa)

Stmt(d ngg,ngo,ngl) — .stmt(d, ’/7,29,7130,77,31)

Stmt(d, n32, n33,n34) — «While(d, n32, n35, 136, 133, n37) NSD(n35, n36, N137, 134)

Stmt(d, nys, c, 7145) — stmt(d, N4q, C, n45)

(
(
(
Stmt(d nsg, C, 7139) — .cond (d, n38, 140, n41) NSD(TL40, N42, C, 7’L43) NSD(?’L42, N41, M43, 7139)
(
(

Stmt(d, nae, ¢, na7)  — «while(d, n4g, n4s, Nag, €, n50) NSD (148, nag, ns0, na7)

NSD(ng,n1,n2,n3)

ng = d7 ana N2 = ¢, ndT
NSD(no, ni,na, 77/3)

no = d,niT, naf, nat
Stmt(no, ni,na, n3)

nog = d, an, Ng = C, ’I’L3T
Stmt(no, niy,na, ’I”L3)

no = d,n1T, nat, nat
cond(ng, n1, ne, n3)

q10(a, b7 n2,no, 6,7’L1,’I’L3)
qio(a, b, n2,ng, €,n1,n3)
q4(no,n1,n2,n3)

%(71077”&17 c, n2,n3)

c
no = d,nit, nat, ngt q3(no,n1, €, n2,n3)

stmt(ng, n1, na, n3)

nog = da an) ng = ¢, TL3T
stmt(ng, n1, N2, n3)

no = da n1T7 ’I’LQT, ’I’L3T
while(ng, ny,na, n3, N4, n5)

ng = d,n1T, nat,n3t, ng = ¢, nst
while(ng, n1,n2, N3, N4, 15)

no = da anv n?Ta n3T7 n4Ta n5T

State q4(a,b,c,d)

ql(n07n17n27n3)
Q1(n07n17n27n3)
qg(no,nl,n4,n2,n3,n5)

QQ(nO7n17n47n27n37n5)

[ NSD(a,b,c,d) — Stmt(a,b,c,d). [seq?]]

State gs(a,b,c,d, e)

NSD(d, e, c,nq)

NSD(a,b,¢c,n1)  — Stmt(a,b,d,e) .
NSD(d,e,c,n2)  — .Stmt(d, e, ng,ng) NSD(ns3,n4, c,n2)
NSD(d,e,c,n5) — .Stmt(d, e, c,ns)

Stmt(d, e, ng,n7) — .cond(d, e, ng,ng) NSD(ns, n19, ng, n11) NSD(n10, 9, n11, n7)
Stmt(d e n12,n13) — . stmt(d e n12,n13)
(
(
(
(

Stmt(d, e, n14,n15) — . while(d, e, n16, n17, n14, 118) NSD(n16, 117, n118, 115)

Stmt d e, C, ’Illg) — .cond(d, 677120,77,21) NSD(ngo,ngg, C, Tlgg) NSD(TLQQ,TLQl,ngg,’Illg)
Stmt(d, e, c,n24) — .stmt(d, e, c,noyq)

Stmt(d, e, c, ?125) — .Wh”e(d7 e, Nag, N27, C, ngg) NSD(n267n27, 71287?125)

NSD(ng, n1,n2,n3)

no =d,n; = e,ny = ¢,n3t
Stmt(ng, n1, ne, n3)

no =d,n1 = e,ny = ¢,n3l
Stmt(ng, n1,n2,n3)

no = da ny = ean2T7 nST
cond(no,nl,ng,ng)

no = d,n1 = e, nat, nagt
stmt(ng, ni,n2,n3)

no = danl =€,n2 = C,n3T
stmt(no,nl,nQ,ng)

no = d,ny = e, nat, nat
While(no,nlan27n37n47n5)

ng = d,n1 = e,nat,n3t,ng = c,ns?
while(ng, n1,n2,n3, N4, n5)

no = da ny =e, nQTv n3Ta TL4T, TL5T

g7(a,b,na,ng,ng,ny)
q4(no,n1,n2,n3)

q5(no, n1, €, na, n3)
q3(no,n1, ¢, n2,n3)
q1(no, n1,n2,n3)
q1(no,n1,n2,n3)

q2(no, n1,n4,n2,M3,15)

qg(no,nl,m,m,ng,ng,)




State gg(a, b, c,d, e)

NSD(a, b, c,n1) — Stmt

,b,d,e) . NSD(d, e, c,nq)

(a,b,d
NSD(a, b, d, e) — Stmt(a, b, d, e). [seq?]
NSD(a, b, ns,n3) — Stmt(a,b d,e) . NSD(d, e, na, n3)
NSD(d, e, n4,n5) — «Stmt(d, e, ng,n7) NSD(ng, ny7, ng, ns)
NSD(d, e, ng,ng) — .Stmt(d, e, ng,ng)

(

(

(

(

(
NSD(d,e,c 7110) —
NSD(d, e, c,n13) —
Stmt(d, e, N4, TL15) — .
Stmt(d, e, Ny, 7121) —
Stmt(d, €, N2, 7”L23) —
Stmt(d, e, c,nay) —
Stmt(d, e, c,nz2) —
Stmt(d, e, c,n33) —

(
(
.Stmt(d e,nll,nlg) NSD(nll,’l’ng,C,nlo)
.Stmt(d, e, ¢, n13)

cond(d, e,n16,n17) NSD(n16, n1s, 114, 119) NSD (1218, 1117, 19, M15)

.stmt(d, e, nag, na1)

. while(d, €, N24,MN25,M22, n26) NSD(TL24, N25,MN26, n23)

. COI”ld(d7 €, Nnosg, n29> NSD(TLQg, ns3o, C, n31) NSD(TLgo, N29,M31, n27)
.stmt(d, e, ¢, n32)

. Whlle(d, €,N34,N35,C, ngﬁ) NSD(n34, n3s, 136, TL33)

NSD(no, ni,na, 77/3)

ng =d,n; = e,nz = c,n3t

NSD(ng, 71, 12, n3)

q7<aa b7 n27n37n07n1)

q7(a'a b) n27n37n07n1)

ng = da niy =e, n2Ta n3T

Stl’n’[(’l’bo7 ni,na, ’I’L3)

Q4(n07n17”27”3)

no =d,n; = e,ny = ¢,n3t

Stmt(ng, n1, nae, n3)

ng = d,n; = e, naT, n3t

cond(ng, n1, ne, n3)

Q6(n07n17 C,Ng, n3)

ng = d,n1 = e, nat, n3?t

stmt(ng, n1, N2, n3)

q3(n07n17 C, N2, n:s)

n():danl =€, N2 :C7n3T

stmt(no, ni, No, 713)

QI(nO7n17n2>n3)

no = d7 ny =e, n?Ta nBT
while(ng, n1,n2, N3, N4, N5)

q1 (n07n1,n27n3)

C]2(”07”17”47”27n37n5)

nog = d, ny = eanQTa n3Ta n4 = C, n5T
while(ng, n1,n2,n3,n4,n5)

QQ(n07n17”47n27n37n5)

ng = d,n1 = e, nat, nst, naT, nst

State g7(a,b,c,d, e, f)

[ NSD(a, b,c,d) — Stmt(a, b, e, f{)NSD(e, f,c,d).  [seql]]

State gs(a,b, c,d)

[ SO — NSD(a, b,c,d).

[inat] |

State g9 (a7 b7 C, d) €, f? g)

| Stmt(a, b, c,d) — while(a, b, e, f,c,g) NSD(e, f,g,d). [while]]|

State q]_O(a7 b7 C, da €, f’ g)

Stmt(a,b,c,n;)  — cond(a,b,d,e)NSD(d, f,c,g) . NSD(f,e,g,n1)

NSD(f,e,g,n2) —
NSD(f,e,g,n3) —
Stmt(f,e,g,ng) —
Stmt(fveaganll) -
Stmt(f,e,g,n12) —
Stmt(f, e, nig, n17) —> »
Stmt(f,e n22,n23) — .

tmt(f,e n24,n25) —

.Stmt(f, e, g, n2)
. Stmt(f, e, Ny, Tl5) NSD

. cond(f, e, ny, ns) NSD(TL7, no, g, ’fll()) NSD(TLQ7 ng,nio, nﬁ)
'Stmt(f7eag7nll)

«while(f, e, n13,n14, g, n15) NSD(n13, n14, n15, n12)

(’I’L4, ’I’L5,Q,7’l3)

cond(f, e, nig, nig) NSD(n1s, n2g, n1g, n21) NSD(nao, n1g, no1, ni7)
stmt(f, e, na2,n23)
while(f, e, nag, naz, naa, n2g) NSD(nag, naz, nasg, nas)




NSD(ng, n1,7n2,13)

ng = f,n1 = e,ny = g,n3t
Stmt(ng, n1, 12, n3)

no = f,n1 = e,ny = g,nst
Stmt(ng, n1, ne, n3)

ng = f,nl = E,TLQT, nBT
cond(ng, ny, na,n3)

no = f,n1 = e, nat, n3t
stmt(no, n1, N2, n3)

ng = f,n1 = e, ng = g,nst
stmt(ng, n1, na, ng)

no = f,n1 = e, nat,ngt
while(ng, ny, ng, n3, n4,ns)

ng = f,’fll = e, naT, n3T, Ny = g7n5T
while(ng, n1,ng,ng, ng, n5)

no = f,n1 = e, nat, n3t, ngt, nst

State qll(av bv C, da €, .f? g, h‘)
’ Stmt(a, b, ¢, d) — cond(a, b, e, f) NSD(e, g, ¢, h) NSD(g, f,h,d). [cond] ‘

Q11(a7 b7 c,ns, da ni, no, nZ)

q4(n05 ni, n2, TLS)

Q5(n0;n1agvn27n3)

q3(n07 nlag7n27n3>

Q1(no,n1,n2,n3)

QI(nO) ni, N2, n3)

q2(n07n17n4an27n33n5)

qZ(nO; n1,MN4,N2,N3, n5)




NSD with left recursion

State go(a,b)

SO .NSD(a, n1, b, n2)

NSD(a,ns, b, n4)
NSD(a, n7,b,ng)
NSD a, ng,nlo,nll)
NSD(a n14,n15,n16)
Stmt(a 77,17,b nlg)

(
(
(
(
(
Stmt(a, nas, b, nag)
(
(
(
(

(
.NSD(a, ns, ns,ng) Stmt(ns, ng, b, ny)
. Stmt(a, n7, b, ng)
. NSD((I, ng,n12, n13) Stmt(nlg, ni13, N0, nll)
. Stmt(a, N14,M15, n16)
.cond(a, n17,n19, n20) NSD(n19, a1, b, naz) NSD(n21, 1120, n22, n18)
.stmt(a, nas, b, noyg)
. While(a, Nos5, No7, N28, b, ngg) NSD(n27, na2sg, N29, 7126)
COI’ld(CL7 ns3o0, N33, ’I’L34) NSD(n33, nss, N31, n36) NSD(TL357 Nn34,MN36, n32)
stmt(a, n37, N3g, ngg)
While(a, M40, M43, M44,M41, n45) NSD(’IL437 Ngq,MN45, Tl42)

Stmt(a, nas, b, nag)

Stmt(a, n3g, n31, n32)
Stmt(a, n37, n3s, ngg)
Stmt a, 40, M41, 77,42)

R I S R

NSD(no7 ni, na, 77/3)

ng = a,n1T,n2 = b,n3t
NSD(ng, n1,n2,n3)

ng = a,n1 T, nat, nat
Stmt(no, ni,na, Tlg)

ng = a,n1t,n2 = b,n3t
Stmt(ng, n1, na, n3)

ng = a,n1T,nat, n3t
cond(ng, n1, ne, n3)

ng = a,n1t,nat, n3t
stmt(ng, n1, na, ng)

ng = a,n1T,n2 = b,n3t
stmt(no, ni, No, 77,3)

ng = a,n1T,n2t, n3t
while(ng, n1,n2, N3, N4, N5)

ng = a,nit, nat,n3t,ng = b, nst
while(ng, n1,n2, N3, 14, N5

ng = a, n1T7 n2Ta ’/lgT, TL4T, TL5T

State q1(a, b, c,d)
| Stmt(a,b,c,d) — stmt(a,b,c,d). [stmi]]

QG(no,nl,nz,TLB)

%(no,nl,m,ns’ b)

q4(n0,n1,n2,n3)

Q4(710,711,712,713)

QS(?”L077117 b, 712,?13)

QI(n07n17n27n3)

(Il(no,nl,nz,ns)

qQ(nOanlan4an2an33n5)

QQ(HOanlan4an27n37n5)

State gz2(a,b,c,d, e, f)
Stmt(a,b,c,n;)  — while(a,b,d,e,c, f) . NSD(d, e, f,n1)
NSD(d, e, f,n2) .NSD(d, e, n3, ng) Stmt(ns, nq, f,n2)
NSD(d, e, f,n5) .Stmt(d, e, f,ns)
NSD(d e ng,n7) . NSD(d, e,ng,ng) Stmt(ng,ng,n6,n7)
NSD(d e nlo,nll) .Stmt(d,e,nlo,nn)
Stmt(d, e, f,n12) .cond(d, e,n13,n14) NSD(n13, n15, f, n116) NSD(n15, 1214, N165 12)
(
(
(
(
(

Stmt(d, e, f,n17) .stmt(d, e, f,n17)

. Wh”e(d7 €,N19,MN20, f, 7121) NSD(?’ng, Nn20,M21, nlg)
cond(d, €, No4, ?’l25) NSD(n24, Noe, N22, 7127) NSD(TL26, nas5, No7, n23)
stmt(d, e, nog, Tlgg)
- while(d, e, n32, n33, 130, n134) NSD(n32, 133, 1134, 1131 )

Stmt(d, e, f,n1s)

Stmt(d, e ngg,n23)
Stmt(d, e ngg,ngg)
Stmt d e ngo,ngl)

R T R




NSD(ng, n1,n2,n3)

Q7(a7 ba C, nSanOanlanQ)

ng =d,n, = e,ny = f,nal

NSD(ng, 71, n2,n3)

q5(n0,n1,n2,n3,f)

ng = d,n; = e, naT, n3t
Stmt(ng, n1, ne, n3)

q4(n0,n1,n2,n3)

ng =d,n; = e,ny = f,nzt

Stmt(ng, n1,n2,n3)

q4(n0,n1,n2,n3)

no = da ny = ean2T7 nST
cond(no,nl,ng,ng)

qS(nO,nla .f7 n27n3)

no = d,ny = e, nat, nst
stmt(ng, ni,n2, N3)

ng =d,ny = e,ny = f,nat

stmt(no, ni,na, TL3)

q1 (’I’Lo,’l’Ll,ng,’l’L3)

ng = d,n; = e, naT, n3t

While(n07n17n27n37n47n5)

Q1(n0,n1,n2,n3)

no = d,ny = e, nat,ngt,ng = f,nst
while(ng, 71, n2, N3, ng, N5

qg(no,nl,n4,n2,n3,n5)

ng = d,n1 = e,nat, n3t, ngt, nst

State g3(a,b,c,d, e)

Q2(n0,n1,n4»n2»n3»n5)

Stmt(a, b, ¢, n1)

Stmt(a, b, ng,ns) — cond(a,b,d,e) .

— cond(a, b, d, e)

NSD(d, ng,ng,n19) — «NSD(d,ng,n11,n12) Stmt(ni1, n12,n9,n10)

NSD d,nlg,n14,n15) — .Stmt d,n137n14,n15)

NSD d,nlg,c7n17) — .NSD

d, nig, n1g, N1g) Stmt(nig, nig, ¢, n17)

NSD d, N20, C, n21) — .Stmt d, Nn20, C, n21)

Stmt d, 129, N30, ’/7,31) —> . stmt(d, M29, N30, 7131)

Stmt(d, n32, n33, n34) — «While(d, n32, 135, n36, N3z, n37) NSD(nas, n3g, nar, n34)
Stmt(d, nss, ¢, n39) — .cond(d, n3g, nag, nai) NSD(n4g, nas, ¢, naz) NSD(na2, na1, nag, n3g)

Stmt(d, nys, c, 7145) — . stmt(d, N44q, C, 7145)

Stmt(d, nae, ¢, na7)  — «while(d, n46, n4sg, Nag, €, 150) NSD (148, nag, ns0, naz)

(
(
(
(
(
(
Stmt(d, Nn922,MN23, Tl24) — .cond (d, No2,N25, ngﬁ) NSD(TL25, no7,N23, TLQS) NSD(TL27, N26,M28, Tl24)
(
(
(
(
(

NSD(TL(), ni, na, 7’L3)

ng = d,n1T,n2 = ¢,n3t
NSD(ng, n1,n2,n3)

no = d,n1T, nat, nat
Stmt(no, ni,na, Tlg)

ng = d,n1T,n2 = c,n3t
Stmt(ng, n1, ne, n3)

ng = d,n1T, nat, nat
cond(ng, n1, ne, n3)

ng = d,n1t, naT, n3t
stmt(ng, n1, na, ng)

no = d,niT,ny = ¢, n3t
stmt(no, ni, No, 77,3)

ng = d,nT, naT, nat

while(ng, n1,n2, N3, N4, N5)

ng = da N1T7 n2Ta nST) ng = C, n5T
while(ng, n1,n2, 13,14, n5)

ng = da n1T7 ’n'QTa n3T7 TL4T, 7'L5T

State g4(a, b, c,d)

gs(a,b,na,ng, e,n1,n3)
qo(np,n1,n2,n3,¢,a,b,e)
qa(no,n1,n2,n3)
q4(no,n1,n2,n3)
q3(no,n1, ¢, na,n3)

q1(no, n1,n2,n3)

q1(no, n1,n2,n3)

q2(no, n1,n4,n2,n3,n5)

q2(”07n17n47n27n37n5)

’ NSD(a, b, c,d) — Stmt(a,b,c,d).

[seq?]]

State gs(a,b,c,d, e)

NSD(a,b,n1,n2) — NSD(a,b,c,d) .
NSD(a,b,e,n3) — NSD(a,b,c,d)

Stmt(e,d, nq,ns)
. Stmt(e, d, e, n3)

(

(

Stmt(e,d,ng,n5) — .cond(e, d, ng,n7) NSD(ng, ng, n4, ng) NSD(ng, nz, ng, ns)
Stmt(e, d, n1p,n11) — »stmt(e, d, n1o,n11)

Stmt(c d, nlg,nlg) — . Whl|e<C d, 7114,%15,7112,7116) NSD(n14,n15,n16,n13)

Stmt(c d, e, n17) — -COHd(C, d, n18,n19) NSD(’I’ng,ngo,e,ngl) NSD(TLQ(),’/L19,TL21,TL17)
Stmt(e,d, e, n22) — .stmt(e, d, e,naz)
Stmt(e,d, e, n23) — «while(e, d, nog, nos, €,n96) NSD(n24, nas, nag, nos)

. NSD(d, n2, ¢, n3) NSD(nq, e,n3,n1)
NSD(d, ng, ng,n7) NSD(ng, €, n7, ny)




Stmt(ng, n1, no, n3)

QIO(av ba nQan?nnOanl)

ng =c¢,n; =d,ny = e,nzgt

izm:t(zoﬁ?znj::;% i q10(a, b,na, n3,ng,ny)
:LGi(z’o;l?inéjzg’ " q3(no,n1,€,n2,n3)
:comi(fcl?;;bh:né: Z:;): T q1(ng,n1,n2, n3)
fltomi(z?;ﬁl,:né: Zz%’ o q1(no,n1,n2,n3)

while(ng, n1,n2, 13, N4, n5)

Nno =¢,N1 = d7 TLQT, Tl3T, ny =€, n5T
while(ng, n1, ng, n3, 4, n5)
ng==c¢,ny = d, TLQT, TL3T7 n4Ta n5T

State gg(a, b, c,d)
] S() = NSD(a, b, c,d).

QQ(n07n17n47n27n37n5)

q2(n07n17n47n27n37n5)

[inif] |

State g7(a,b,c,d,e, f,g)
| Stmt(a, b, c,d) — while(a, b, e, f,c,g) NSD(e, f,g,d).

[while] |

State gs(a,b,c,d, e, f,g)

Stmt(a,b,c,n;)  — cond(a,b,d,e)NSD(d, f,c,g) .

NSD(f7evg7n1)

NSD(f,e,g,n2) — .NSD(f,e, n3, ng)Stmt(ns, nq, g, ns)
NSD(f,e,g,ns) .Stmt(f, e, g, ns5)

NSD f,e 77,6,77,7) .NSD f,e,ng,ng) Stmt(ng,ng,ng,n7)
NSD f,e nlo,nn)

Stmt(f, e, g,n17)
Stmt(f, e, g,n1s)
Stmt I, e, n22,n23)
Stmt(f, e, nzg,nzg)
Stmt f,e ngo,ngl)

(
(
(
(
(
Stmt(fv €9, TL12)
(
(
(
(
(

%
_)
_)
4)
_)
%
_)
%
—

(
(
.Stmt(f,e,nlo,nn)
.cond(f, e, n13,114) NSD(n13, 15, g, n16) NSD (115, 1214, 1216, M112)
stmt(f, e, g,n17)
. while(f, €, Nn19,M20,49, 7’L21) NSD(nlg, 20, N21, nlg)
. cond(f, €, Noyg, TZ25) NSD(’II24, N2e6, N22, n27) NSD(TLQG, nos5, No7, 7123)
-Stmt(f,e,TLQg,’l’LQg)
- while(f, e, n32, 33, N30, n34) NSD(n32, 133, N34, 131)

NSD(TL(), ni,na, n3)

no = f,n1 = e, ny
NSD(ng, n1,n2,n3)

:g7n3T

qll(a7 b7 Cc,ns, d7 ni, no, 'I’LQ)

ng = f,n1 = e,naT, nat

Stmt(no, ni,na, Tl3)

q5(no,n1,n2,n3,9)

ng = f,n1 = e, ny
Stmt(ng, n1, nae, n3)

:gvnlﬂ\

Q4(no, ni, n2, n3)

ng = f,n1 = e,naT, n3l

cond(ng, n1, ne, n3)

94(n0, ni,Na, n3)

no = f,n1 = e, nat, gt

stmt(no, ni, No, n3)

QB(TLO, nl,g7n27n3)

no = f,n1=eny
stmt(no,nl,ng,ng)

:ganiﬁ\

Q1(n0, ni, n2, ns)

no = f,n1 = e, not, n3t
while(ng, n1,n2,n3, M4, n5)

Q1(no, ni, n2, n3)

no = .fanl - 6,n2T7n3T, nyg = g7n5T
while(ng, n1, 12,13, M4, 1n5)

Q2(n07n17n47n27n33n5)

ng = f,n1 = e, naT, n3l, ngt, ns?t

Q2(n05n15n45n25n35n5)




State dg (CL, ba c, d7 €, f7 g9, h’)

NSD(a, b,n1,n2) — NSD(a,b,c,d) . Stmt(c, d, n1,n9)

NSD(a,b,e,n3) — NSD(a,b,c,d) . Stmt(c,d, e, n3)

Stmt(f,g,¢,n4) — cond(f,g,a,h)NSD(a,b,c,d) . NSD(b, h,d,n,)

NSD(b,h,d,n5) — NSD(b, h,ng,n7) Stmt(ng, n7, d, ns)

NSD(b, h.d,ng)  — .Stmt(b, h,d, ns)

NSD(b7 h,ng, nlo) — . NSD(I)7 h,nq1, 7112) Stmt(nll, ni2, Ng, nlo)

NSD(b, h,n13,m14) — « Stmt(b, h,n13,n14)

Stmt(b, h, d, n15) — cond(b, h7 Nie, n17) NSD(TLlﬁ, nisg, d, nlg) NSD(Tng, ni7, N9, ’IL15)
Stmt(b, h,d,n29) — «stmt(b, h,d, ny)

Stmt(b, h,d, n21) — . Wh”e(b, h,nos,ns3, d, n24) NSD(TL227 N23, N4, TL21)

Stmt(b, h,nos, n26) — cond(b, h,no7, ngg) NSD(TL27, N2g9, N25, ngo) NSD(HQQ, n28, N30, ngg)
Stmt(b, h,ns1, n32) — stmt(b, h,ns1, n32)

Stmt(b, h, nss, TL34) — Whlle(b7 h7 nss, n3e, 133, n37) NSD(’H,357 n3e, 137, Tl34)

Stmt(c, d, n3g, n39) — «cond(c, d, n40,1n41) NSD(n40, 142, 138, 1143) NSD (1242, 1141, M43, Ni39)
Stmt(e, d, naq, na5) — «stmt(e, d, ngq, ngs)

Stmt(c, d, nyg, 7147) — . Wh”e(C7 d, n4g, Nag, Nag, ’I’L50) NSD(n4g7 N49, M50, 7’L47)

Stmt(c, d, e, n51) — COI’ld(C, d,nss, ’I’L53) NSD(TL527 N54, €, TL55) NSD(TL54, n53, 155, n51)
Stmt(e,d, e, n5s) — «stmt(e, d, e, nsg)

Stmt(c, d7 e, ’Il57) — While(c, d, nsg8,N59, €, nﬁg) NSD(TL58, Nn59, Ne0, n57)

N—

NSD(TL(), ni, N2, N3
no =b,n; = h,ny = d,n3t
NSD(ng, n1,n2,n3)

ng = b,ny = h,not, na?t
Stmt(no, ni,na, Tl3)

no = b,n1 = h,ny = d,n3t
Stmt(ng, n1, na, n3)

no = ba ny = ha nQTv TLgT
Stmt(ng, n1,n2,n3)

Ng =¢, N1 = d7n2 = e,n3T
Stmt(n07 ni,No, n3>

nog=¢,ny = d7 n2Ta ’I’LgT
COﬂd(TLO7 ni,na, 77,3)

no = banl = h?”?Ta n3T
COI‘\d(?’LO7 ni,na, TL3)

ng = ¢,ny = d,naT, n3t
stmt(ng, n1, na, n3)

nog = b,n1 = h,n2 = d,ngT
stmt(ng, n1, n2, n3)

no = ba ny = ha n?Ta n3T
stmt(ng, n1, N2, n3)

ng = c¢,n1 =d,ny = e,n3t
stmt(no, ni, No, 713)

nNogo=¢,ny = d7 nQTa ’T'L3T
while(ng, n1,n2, N3, N4, 15)

ng = b,n1 = h,nat, n3t, ng = d,ns?
while(ng, n1,n2, N3, N4, 15)

ng = b,n1 = h,nat, n3t, nat, nst
While(n()v N1, N2, N3, Ny, 7?,5)

ng = ¢,n1 = d,nat,n3t,ng = e,nst
while(ng, n1,n2,n3, N4, n5)

nog =¢,nyp = da nQTa TL3T7 n4T7 nBT

State gio(a,b,c,d, e, f)
’ NSD(a, b, c,d) — NSD(a, b, e, f) Stmt(e, f,c,d). [seql] ‘

Q5(n07ﬂ17n27ﬂ37 d)

Q4(ﬂ07ﬂ17ﬂ27ﬂ3)

q4(n0,n1,n2,n3)

qio(a, b, na,n3,ng, n1)

qu(a'a ba n2an3an0an1)

Q3(n07n17 d, 712,713)

Q3(n07ﬂ17 €’n2,n3)

Q1(n07n17n27n3)

(I1(n07n1,n2,n3)

Q1(n07n17n27n3)

q1 (no,nl,n27n3)

QQ(n07n17n47n27n37n5)

q2(n07n17n47n27n37n5)

qz(no,nl,n4,n2,n3,n5)

(]2(7107”17”47”27”3,”5)

State qi11(a,b,c,d, e, f,g,h)

qll(.f79707 ns, aanlanOanQ)

’ Stmt(a, b, ¢,d) — cond(a, b, e, f) NSD(e, g, c,h) NSD(g, f, h,d).

[cond] |




