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7¹E�2pAôI+Ç:I+F©ItAeÈH<5Ì
(Σ×R

+)∗
Ñlì ×+Ù �c×, �UØpÙ-$8Ø§Ú]Ö���� 7¹E

2�Ì¸>JA84rÈ)7Ê<eA
ν : X →R

+ âl7ÊÌ δ ∈ T
È)6JI

ν + δ
9JI+AJ<5È°ItEHÈ°6JICã§25ÇÊ>82pÈ°7:<5A E°>84$6ôÈ°682pÈ�Ì¸<5Ë¬It254$6 4+ÇÊ<*4��

x ∈ X, (ν + δ)(x) = ν(x) + δ
Ñ®émÌ

r ⊆ X
È)6JI+A

ν[r := 0]
9*I+A8<pÈ°IcE3È)6JI�ãU25ÇÊ>®2§È°7:<5ACE°>84$6»È)682§È@Ì¸<5ËDIt2e4$6

4�Ç:<«4��
x ∈ X \ r, ν[r := 0](x) = ν(x)

25A89HÌ¸<eËOIc254$6¬4+ÇÊ<*4��
x ∈ r

â
ν[r := 0](x) = 0

Ñ
[r :=∞]ν

9*I+AJ<5È°IcE
È°6JI�ãU25ÇÊ>®2§È°7:<5A»E°>84$6-È°6®2§ÈvÌ¸<eËvIc254$6»4�Ç:<*4��

x ∈ X \ r, [r := ∞]ν(x) = ν(x)
2pA®9-Ì¸<5Ë3Ic254$6C4+ÇÊ<*4��

x ∈ r
â

[r :=∞]ν(x) =∞
Ñ

.�Ü0/ �®ÖµÚ�Ö����21@ì43.ÖµÛ©Ü��657$*Ú �§ÛHØ§Ú ���CÐ�ß�ìDÝ37:ED2©È°>8ÉJÇÊI
A = (L, L0, Lf , X, Σ, E, I)

âJÍ�68I+Ë)I
L
7:ED2©è8AJ7ÊÈ°I

EGI+Èv<pÌ¶Ç:<«4t2§È)7Ê<eA8E+â
L0(Lf ) ⊂ L

7¹Ev2¬EG>Já®EGI+Èv<pÌ±7:AJ7ÊÈ°7¹2pÇOÐ¸è8A825Ç¹Ý3ÇÊ<*4+2pÈ°7:<5A8Etâ
X
7¹Ev2�è8A87¡È)I�E°I�Èv<5Ìl4�Ç:<«4��*EtÑ

Σ7:E
2�è®AJ7¡È)I¬E°I�Èy<5Ì=Itã5I+AQÈ$E+Ñ�émÌ/È)6JI¬E°I�È
<pÌ�Itã5I+AQÈ$E�Ð�2e4rÈ°7:<5A®E)Ý@7¹E,É825ËGÈ)7¡È)7Ê<eAJIt9�7:AÎÈXÍO<C9*7¹E�îX<57:AeÈyE°>Já8E°I�È$E
Σ?

2pA89
Σ! â.Í�6JI+Ë)I Σ? 7¹E@È°6JI�E°I�È
<5Ì@Ö��pÒ2$*Ú¦254�È°7:<5A8E,25A89 Σ! 7:E@È)6JI�EGI+È
<pÌ �8$*Ú¡Ò2$*Ú@254rÈ)7Ê<eA8Etâ�È°6JI�ß�ì

A
7¹E

4+2pÇ:Ç:It993.ÖµÛ©Ü��;: �§Ò2$*Ú%<%$*Ú¡Ò2$*Ú�57$*Ú �pÛ©ØpÚ ��� Ð�ß/é°BvìDÝ�Ñ
E ⊆ L×G(X)×Σ×R(X)×L

7:EO2
EGI+ÈO<5Ì�Ic9*ä5IcE+Ñ
' I
Í�Ë)7ÊÈ°I

l
a,g,r
−−−→ l′

7¡ø
(l, a, g, r, l′) ∈ E

âaÍ�6JI+Ë)I
l, l′ ∈ L

25Ë°I¦È)6JI�E°<5>JË$4�I,25A89»9*ItEGÈ°7:A82pÈ°7:<5A»Ç:<«4t2§È)7Ê<eA8E+â
g ∈ G(X)

7¹ED2�4�<5ApîX>JA84rÈ)7Ê<eAC<pÌl4+<5A8EGÈ°Ë$2p7:AQÈ)Ev7ÊA
G(X)

â
a ∈ Σ

7:EvÈ°68I�2e4rÈ°7:<5A÷Ð�<5Ë@I+ãeI+AQÈ$Ý�â
r ∈ R(X)

7¹E
È°6JI
E°I�È�<pÌ¶4�Ç:<*4��*E=È°<©á®I 	)ÜrÕ+Ü+Ú�Ñ

I : l → G(X)
25E)E°7ÊäeA8E=7ÊA«ã§2pË)7:25AQÈ)EOÈ°<©Ç:<«4t2§È)7Ê<eA8E+Ñ

'�I�>8EGIyÈ°6JI�AJ<pÈ$2§È)7Ê<eACEG>84$6 25E
l

a
−→

Ð¸Ë)ItE°É�Ñ
l 6

a
−→
Ý�È)<�9*ItAJ<pÈ)I,È°6®2§È@È°6JItË°I
I+Þ*7:EGÈ)E

l′
E°>84$6-È°682pÈ

l
a
−→ l′

Ð¸Ë)ItE°É�Ñ8È)6JI+Ë)Iy7¹E@AJ<�E°>84$6
l′
Ý�Ñaß/687:E@AJ<5È)2§È)7Ê<eACA82pÈ°>JË$2pÇ:ÇÊà�I�Þ«È)I+A89JEDÈ)<�È°7:F©I�E°ItæQ>JItA84�IcE+Ñ=' I�Í�Ë)7¡È)I

l
(a,t)
−−−→7¡ÌOÌ¸Ë°<eF ÇÊ<*4+2pÈ°7:<5A

l
â
a
4+2pA á®I©I+Þ«Ic4�>*È)It9 2§È@È°7:F�I

t
Ñ�ì ß/é°B3ì

A
7:E¦E)2p7¹9»È)<�áaIC×��pÛ3Ò�ÙÊÜ+ÚmÜ+â�7¡Ì=7¡È
2e4+4�ItÉ*È)E

I+ã5ItË°à�254�È°7:<5A»7:A
Σ
2§ÈvItã5I+Ë)à�È)7ÊF©IeÑaémÈD7:E@E°257:9�È)<�áaIy7:AJÉJ>*È°Ïm4+<5F©ÉJÇÊI+È°I�7¡Ì±7ÊÈ@2e4+4�ItÉ*È)EvI+ãeI+Ë)à¬7:AJÉJ>*È¦254rÈ)7Ê<eA

7ÊA
Σ!

2§È¦I+ã5ItË°à�È)7ÊF©I5Ñ�ì ß/é°Bvì 7¹E¦4+2pÇ:Ç:It9å9JI�È°ItË°F©7:AJ7¹EXÈ)7:4�7¡Ì
∀l, l′, l′′ ∈ L · ∀a ∈ Σ · ∀t ∈ R

+ · l
(a,t)
−−−→

l′ ∧ l
(a,t)
−−−→ l′′ ⇒ l′ = l′′

ÑJémÈ37¹E�4+25ÇÊÇ:It9�AJ<5AJÏ]áJÇ:<*4��«7ÊAJä©7ÊÌ
∀l ∈ L, ∀a ∈ Σ! ∪R

+ · l
a
−→
Ñ

ì?>�ØpÚµÓ
P
7:A�ß�ì

A
7¹E=2
è8AJ7ÊÈ°I,E°ItæQ>JI+A®4�Iv<5Ì.4�<eA8EGIc4�>*È)7ÊãeI3È)Ë)25A8EG7ÊÈ°7:<5A®E

l0
g1,a1,r1

−−−−−→ l1
g2,a2,r2

−−−−−→ l2 . . .
Ñ

émÈD7¹EvE)2p7¹9¬È)<�áaI@5D×)×$ÜYÒaÚ]Ö���A�7ÊÌ¶7¡È¦EXÈ$2pË°È)E�7:Aå2pA»7:AJ7ÊÈ°7¹2pÇ�ÇÊ<*4+2pÈ°7:<5A÷Ð
l0 ∈ L0

Ý�25A89»ItA89JE37:AC2©è8A®2pÇ.Ç:<*4+2pÈ°7:<5A
Ð
lf ∈ Lf

ÝrÑ®ìCB�$��å<pÌ�È°6JIy25>*È°<eFH2§È°<eA»2pÇ:<5AJä©È)6JI
É82pÈ°6
P
7:ED2HEGIcæe>8I+A84+I,<pÌ'È°6JI
Ì¸<5Ë)F

(l0, ν0)
g1,a1,r1

−−−−−→
t1

(l1, ν1)
g2,a2,r2

−−−−−→
t2

(l2, ν2) . . .
â�Í�68I+Ë)I

σ = t1, t2 . . .
7¹Ey2-È)7ÊF©I�E°ItæQ>JItA84�I�7ÊA

T
â�2pA®9

νi(i = 1, 2 . . . )
7:E-2ö4+ÇÊ<*4��ôã§2pÇ:>82§È)7Ê<eA E°>84$6 È°6®2§ÈED

ν0(x) = 0, ∀x ∈ X F νi−1 + (ti − ti−1) |= gi F νi = [ri :=
0](νi−1 +(ti− ti−1))

ÑQß/6JIvÇ:25á®ItÇ8<pÌaÈ°68IvË)>JA©7:E±È°6JI�È)7ÊF©Ic9HÍO<eË)9
ω = (a1, t1), (a2, t2), . . . (an, tn)

Ñeß/6JI
EGI+È@<5Ì=2pÇ:Ç�È°7:F©It9 ÍO<eË)9JED7:A+5 7:E¦9*ItAJ<pÈ)It9HGJILK8MONEP

(A)
Ñ�émÌOÈ°6JI©É82pÈ°6

P
7¹E@2e4+4+I+É*È)7ÊAJä�È°68IyÈ)7ÊF©It9 Í=<5Ë$9

ωÈ°6JItA�7ÊÈ37¹E�E°257:9�È°<©áaI
254t4�I+ÉJÈ°It9�á«àHÈ°68I
ß�ì
A
Ñ
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�������ÎF©<*9*>JÇ:I5â±2pA���������������� F©<*9*>JÇ:IC2pA89õ2����! "�

F©<*9*>JÇ:I5Ñ�ß/68I¬9*7ÊøaItË°ItAeÈ�F�<*9*>8ÇÊIcEy4�<eF©Fy>JAJ7¹4+2pÈ°I©È)6JË°<e>Jä56ëE°à«A84$6JË)<5AJ7:?t2pÈ°7:<5A�É®<eËGÈ$E+Ñ�éYAÎÈ)6JI�E°ItæQ>JItÇ�â.ÍOI
Ì¸<*4�>8E¦<eAåÈ)6JI ��
��������F©<*9*>JÇ:I©<5AJÇ:à5â�Í�6J7¹4$6�F�<*9*ItÇ¶7ÊA�Ë)I+ÉJË)ItE°I+AQÈ°Ic9CÍ�7ÊÈ°6 è8ä5>8Ë°I6�*Ñ�ß/6JIHE°I+A8E°<5ËDÈ°Ë)7:ItE
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È°7:F©IH>JAJ7ÊÈ)Etâ�È)6JI©Ì�2pF©7:AJI�EG7:ä5A®2pÇ�Ð�%'&*Ý@7:EyEGItAeÈ¦È)<-È°6JIHFH2p7:A�F�<*9*>8ÇÊIeÑ�BvÈ°6JItË°Í�7¹E°I�È)6JI�E°à«EGÈ°ItF ÉJË)<*4�ItIt9JE
Í�7ÊÈ°6Î4$6JIt4��«7:AJäHÈ°68I�ÉJË)ItE)E°>JË°I�Ð$#�(8Ýv25A89»È)6JI+A�EGItA89JEvÈ°6JI-Ð�%*)JÝvE°7:ä5A825Ç.È)<�È°68I©2e4rÈ)>82§È)<5ËcâJÌ¸<5Ë¦E°>Já8E°ItæQ>JI+AQÈ
<5ÉaI+Ë$2§È)7Ê<eA�Ñ±éYA 4+2eEGI-<5Ì@Ì�257ÊÇ:>JË)IC9*>JË)7ÊA8ä È)6J7¹E�Í/2pÇ �aâ±25AôI+Ë)Ë°<eËHÉJË°<*4+It9*>JË)IëÐ�%+
«Ý�7:E¬EXÈ$2pË°È°It9ºÌ¸<eË¬2pAôAJItÍ
È°ItAQÈ)2§È)7ÊãeI5ÑJç�7:A82pÇ:ÇÊà¬È°6JI
E°I+A®EG<eË=Ë)ItE°I�È$E,Ð�%*�JÝ=2pA89�Ë)I�È°>8Ë°A8EOÈ)<H7ÊAJ7ÊÈ°7¹2pÇ�EXÈ$2§È°Ieâ*I�È$4pÑ

x:=0

x:=0, y:=0

x:=0, y:=0

y=2

x:=0, y:=0

S0 S1 S2 S3

S4 S5

x:=0  y:=0

x>4
!f

!e

x>=2, ?t

x:=0

!e

!v

y=2
y<1

y:=0
y:=0

y<1

x<2, ! v

!r

y=1, !r

y =1, !r

y>=1, ?p

?p

0<=x<=31<=x<=5

����� �-,8�®� �eVX^§|$T$WYWl|$^tNpZYVX^td®|)^c�,�@beNQPS|r{�ZXP¡^tN�Wm\5WmZXT$�

ß/6JI©2p>*È)<5FH2§È)<5A <pÌ±è8äe>JË)I¬ñ©4�<5AQÈ$2p7:A8EDE°7ÊÞCÇÊ<*4+2pÈ°7:<5A8E
L = {S0, S1, S2, S3, S4, S5}

â�Í�6JItË°I�È°6JIHE°I�È
<pÌ'7:AJ7¡È)7:25Ç�Ç:<«4t2§È)7Ê<eA8E=7:E

L0 = {S0}
â«È°6JI
E°I�È3<5Ì.è8A825Ç�Ç:<«4t2§È)7Ê<eA8E=7:E

Lf = {S0}
Ñ8ß.Í=<H4�Ç:<*4��«E

x
2pA®9

y
2pA89

È°ItA�È°Ë$2pA8E°7¡È)7Ê<eA8E�2pË)I@>8EGIc9�Ñ8ìvAëØe×$×)ÜYÒaÚYÜ��@Ò8Ø§Ú¸Ó-<5Ì�È)6JI
2p>*È)<5FH2§È)<5A�4+2pA�áaI,Ë°ItÉJË°IcEGItAQÈ°It9�á«à D

S0
(x≥2),?t,(y)
−−−−−−−−→ S1

(y≥1),?p,(x)
−−−−−−−−→ S2

(y=2),!e,(y)
−−−−−−−→ S5

(y=1),!r,(x,y)
−−−−−−−−−→ S0.

ì3A#Øe×)×$ÜYÒaÚ]Ö���A 	&$�� <5ÌyÈ)6J7:E-É®2§È°6 7¹E)D
(S0, (3,∞))

(x≥2),?t,(y)
−−−−−−−−→

3
(S1, (4.5, 1.5))

(y≥1),?p,(x)
−−−−−−−−→

4.5
. . .

. . . (S2, (0.5, 2))
(y=2),!e,(y)
−−−−−−−→

5
(S5, (1.5, 1))

(y=1),!r,(x,y)
−−−−−−−−−→

6
S0(0, 0).



Í�6JI+Ë)I
(4.5, 1.5)

7¹EyÈ)6JI�ãU25ÇÊ>®2§È°7:<5A
ν
2eE°E°<*4�7¹2§È°Ic9ÎÈ°< È°68I�4+ÇÊ<*4��

x
2pA89

y
EG>®4$6÷È°6®2§È

ν(x) = 4.5
25A89

ν(y) = 1.5.ì3A÷Ø5×$×$ÜmÒ�ÚmÜ���Ú�ÖµÛHÜ��6* ��	��¬<5Ì�È)6J7¹E�Ë°>8A�7¹E;D
(?t, 3), (?p, 4.5), (!e, 5), (!r, 6)
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AJ<*9*ItE¶<5Ì8È)6JI�Ë°Ic254$6825áJ7:ÇÊ7ÊÈXà
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6v7¹2päeË)25F�â ú È$2§È°I-4�Ç¹25E)E°ItE
I+È)4cÝrÑ�:O>JË)Ë°ItAQÈ°Ç:à5â�ÍOI�682Uã5I�EXÈ$2pË°È°It9÷È°< 7ÊF©ÉJÇ:I+F©I+AQÈ©È°68I+F 25E�<eÉ*È°7:<5A8E�7:Aö<5>8Ë
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Accept 

z:=0

Accept Reject

l0

l1 l1

The functionality to be tested
Its observer where:

?t

!v

?t
z:=0

(*, True)

!v

l0!f, n< 4

(#,True) (#,True)

* is one of {?p, !e, !r,!v}

 

** is one of {?p, !e, !f}

!f, n>=4

# is one of {!f, ?t, !e, ?p, ?v, !r}

(**, True)

!v

!r
z<=1.3 z>1.3z<=1.3
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AS = (LS , L0S, LfS , XS, Σ?

S , Σ!
S , ES , IS)

2pA89
AO = (LO, L0O, LfO, XO, Σ?
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O, EO , IO)
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ASP = (LSP , L0SP , LfSP , XSP , ΣSP , ESP , ISP )Í�6JItË°ID

� LSP = LS × LO
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• AcceptSP = LS × {Accept} = LfSP F
• RejectSP = LS × {Reject}
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a,gS ,rS

−−−−−→ l′S) ∧ (lO
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−−−−−→ l′O)

(lS , lO)
a,gS∧gO ,rS∪rO

−−−−−−−−−−→ (l′S , l′O)
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S0,l0

S1,l1

S5,l1S3,Accept

S2,Accept S4,Accept

S1,Accept

S0,Accept

S5,Accept

x:=0

S2,l1

x:=0, y:=0

x:=0, y:=0

y=2

x:0

x>=2

?t

y:=0, z:=0

S4,l1

x>=2

?t

y:=0

y>= 1 y=2,
!e

x<2

!v

!v

x:=0, y:=0

y>=1

!e

y=2

!v

y:=0

y:=0!e
y:=0

!r

y=1,!r
!r

y<1

y=1

x> 4

x:=0!f, 

?p

y<1, ?p, x:=0

?p

y<1 ?p, x:=0

 S0,Reject
x> 4

!f, x:=0

y=2
!e
y:=0

y =1

!r

x:=0, y:=0

x:=0, y:=0

!r

y =1
!v

x>4,

!f

x:=0

 z >4

x<2,z<=1.3

y<1,z<=1.3 !v

x<2,z>1.3

����� ���a�������	��
�����	������	������������������������� ��� ���!�"�#�$���	�&%('��)�*��+��*�



 S4,Reject  S2,Reject

 S5,Reject  S3,Reject

 S0,Reject

 S1,Reject

x>=2
?t
y:=0

y=2,!e
x:0

!v

x:=0, y:=0

! vy=1,!r

y=2,

!e
y:=0

y=1,!r

x<2

y<1

y:=0

x:=0,y:=0

y>=1,

x> 4

!f, x:=0

!r

x:=0, y:=0

?p

y<1 ?p, x:=0

S2l1 S0l0S4l1S5,l1
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(S1; (x = 3, y = 1.7))
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S0,l0

S1,l1

S5,l1

S2,l1

x>=2

?t

y:=0, z:=0

S4,l1

y>=1

!e

y=2

 INCONLUSIVE

x:=0, y:=0

x:=0?p

x:=0 y:=0

x>4, n>4, !f

PASS

!v

y=2

!e

y:=0

!v

y=1,!r

x:=0, y:=0

!v

y<1, ?p, x:=0

x<2,z<=1.3

y<1,z<=1.3 

y=1,!r
x<2,z>1.3
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 � � � ���	��
���#� ������	�����#� ���

S0,l0

S1,l1

S5,l1

x:=0

S2,l1

x>=2

y:=0, z:=0

S4,l1

y=2

PASS  INCONLUSIVE

x:=0, y:=0

x:=0

?v

?e

FAIL

y>=1

FAIL

FAIL

x>4, n>4, ?f

!t

!p

y:=0

y=1,?r

(?v, True) or (?e, True) or (?f, z>4)

or (?r, True)

 (?e,y< 2) or (?r, True)

or (?v, True)

or (?r, True)

or (?e,y<2) y=2

?e

y:=0
?v

x:=0, y:=0

y=1,?r

?v

(?v, x>=2)
y<1, !p, x:=0

x<2,z<=1.3

x<2,z>1.3

x<1,z<=1.3

� � � ��
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x
25A89

y
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(x− y >= 2)
ÑJß/6JI+Ë)I�Ì¸<eË°IeâQ2yÈ°IcEXÈ�Ë)>JA�4+<5AQÈ)257ÊA87ÊAJä
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(S0, (2, 2))
x>=2,!t,(y)
−−−−−−−→

t1
(S1, (3, 1.7))

y>=1,!p,(x)
−−−−−−−−→

t2
(S2, (0.1, 1.8))

x<2,?v,()
−−−−−−→

t3
(S3, (0.2, 1.8)).
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PASSS1
x:=0

PASS

S0 S2

S0 S1 S2

PASSS0 S1

y>=0

!t

B: FORWARD REACHABILITY

A: ONE PATH LEADING TO PASS

!t

!p

!p

C: BACKWARD REACHABILITY

  y>=0

0<=x<=4
y>=0

S2
?v

x>=2, !t

0<=x<=4
     y:=0, z=0

0<=y<2
1<=x<=5
0<=y<2

2<=x<=5

2<= x−y<=4

y>=1, !p x<2, z<=1.3, ?v

?v

0<=x<=1

0<=x<=3

 2<=x−y<=4

2<=x<=4

0<=(y=z)< 2

1<=y=z<=1.3
0<=x<=0.3

1<=(y−x)<=1.3

0<=x<= inf
1<=y=z<=inf

0<=x<= inf
1<=y=z<=inf

1<=(y−x)<=1.3

1<=(y−x)<=1.31<=y−x<2
1<=(y=z)<2

1<=y<=1.3
3<=x<=5
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1
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x

y Z

Zf

Z1

Z2I(S1)\ Z
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(*, True)

(*, True)

(*, True)(*, True)

(A) (B)

V’ := 1

V’=4

(*, True) (*, True)

(*, True)

!Infos 

!dk

m<11374

m=11374

V’ < 4, V’ := V’+1 

! Infos(V’) !Infos

!Infos (V’)

L1

L2

L1

L2

(*, True): Actions not specified in the set of output transitions of each state
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Tc1 = (S1, L1)
!Init
−−−→
y:=0

(S3, L1)
y=932,!Tr−Token
−−−−−−−−−−−−→

y:=0
(S6, L1)

y=4163,?Infos
−−−−−−−−−−−→
x:=0,w:=0,m:=0

(S9, L2) ...

... (S9, L2)
w:=11374,m:=11374,?dk
−−−−−−−−−−−−−−−→ PASS.

T c2 = (N1, F1)
!Init
−−−→
m:=0

(N2, F1)
y=2119,!Infos
−−−−−−−−−→

m:=0
(N2, F2)

k<1851,m<1851,?ack
−−−−−−−−−−−−−−→ PASS.
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