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[sabelle | & 5 1FE =% 5EBA

File Edit Search Markers Faolding Wiew Utilities Magros Plugins Help

DE®x@E &€ a2 K00 @ T DEE B & @ |€
™ before.thy (~/projectfisabelle_theories/)
theory before imports "~~/src/HOL/Hoare/Hoare_Logic" begin =

]
]
[}
]
]
]
+
]
]
[}
]
]
]

——————p——————

& |sabelle2017 - before.thy (modified)

lemma "VARS j b

El
{True} g
jo=0; B
WHILE j < length v - 1 & (v!j = x — v!(j+1) = y) i
INV {j < length v - 1 & (ALL 1. i < j & v!i = x — v!(i+l) = y)} §
DO El _ . =
w i AR L 7c WL, SEERD 72D

b := (j = length v - 1)

ib = (ALL i, i < length v - 1 & v!i = x — v!(i+l) = y)}" 37\/ I\\\%)\jj * ﬁﬁ%jé

|/

4] [»]

] Proof state [l Auto update | Update | Search: v [roo% |+]

proof (prove) =
goal (1 subgoal):

1. {True} =
jr?i 0; SIEBA D 3 AR AR B
WHILE j < length v - 1 A (v ! j=x — v ! (] +1) =y)
INV {j < length v - 1 = © . N v W

J(vi.ientzgj/\\’\.r!i/\=)(—>\.r!(i+1)=y)} > EIEEﬂj_/\EEBﬁEE (-Ij_.j-:l_)l/

DO j :=j + 1 0D;

b i= (§ = length v - 1) - —
{b=(‘3/i.ie:glen;thv-1/\v!i=xﬁ»v!(i+1)=y)} 2:\/\9) 75—:1553_\3_5

o« Iv]
ﬂlvl Output | Queryl Sledgehammer | Symbols | / 52
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}

——————p——————

:

[sabelle | & 5 1FE =% 5EBA

Eile Edit Search Markers Folding Wew Utilities Macros Plugins Help

L@d0 & 6¢ 00 4@ "SEE By & @ ¢
™ Wefore.thy (~/project/isabelle_theories/)

- ||theory before imports "~~/src/HOL/Hoare/Hoare Logic" begin <

]
]
[}
]
]
]
+
]
]
[}
]
]
]

& |sabelle2017 - before.thy (modified)

Hoare 51D >1 721 %
A1VR—bF3

J|lemma "VARS j b
{True}
j = 0;

WHILE j < length v - 1 & (v!] = x — v!I(j+1l) = y)
INV {j < length v - 1 & (ALL 1. i < j & v!i = x — v!I(i+l) = y)}
DO

XAN, IFX ,WHILE XA ED
o TO5 S LETHMER B

(j = length v - 1)
{b

A
‘ sauoalL Ts | 3oBEpIS | UolEILBWN0g | l o

(ALL i. 1 < length v - 1 & v!i = x — v!(i+l) = y)}"

[4]

4] [*]

Proof state [v] Auto update Ugdate Search: [ -| |1OD% |v

proof (prove) i E_[EEH 3_/\\\ 3 -lj_ 7\ :\I\ - } [/

goal (1 subgoal):

1. {True} — S
j =0 RONSATD LR EDEF

WHILE j < length v - (v'!j=x—v! (j+1) =y)

1A
INV {j < length v - 1 A _
li=x— v ! (i+1 =y} ﬁ/j_\éhﬁ

(Vi. i< Av
DO j := i + 1 OD;

b := (j = length v - 1)
{b=(vVi. i <lengthv - 1 Av!i=x— v ! (i+1) =y)}
4 |'|'
B|V| Qutput | Queryl Sledgehammer | Symbaols | 53
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]
]
[}
]
]
]
+
]
]
[}
]
]
]

——————p——————

[sabelle (Z & 3 1E 234 E1ERA

EE] g l;ar% Magrs éf\dir; !\e;i thiesﬂhﬂagg‘;3 \ggims_ﬂeé - EI ‘;@ {} @ I_ X_ @?ﬁ 5 L: y b\\% 5J : t %
= before.thy (~/project/isabelle_theories/)
th bef i t W —
eory before imports ¥IJIHE-3_57)D77A®IE%I|‘$%
BAERA L CH %

~~/src/HOL/Hoare/Hoare Logic" begin -

lemma "VARS j b
{True}
j = 0;

Wi j I1Dhc+l’1 Vi 1_XK I'\r|j — u|l'jJ.'|\ —\J.'\
IINV S lematn v oo I Ll f, £ o ol e Sl =

I‘ sauoalL | 211 | 3oBEpIS | UolEILBWN0g | 4 |!3|

0D;

{j ='|nnc+h AL 1)

AN
Lib = (ALL i. i < length v - 1 & v!i = x — v!(i+l) = y)}"

T L—TREEM

/]

/

oIk NERAR A

] Proof state [¢] Auto update | Update | Search: v\|1oo% |v|

proof (prove) 5
goal (1 subgoal):
1. {True}

jo=0;

WHILE j < length v - 1 A (v ! j=x — v ! (] +1) =y)

INV {j < length v - 1 A

(Vi.i<jAv!ii=x—v! (i+1) =y)}

DO j :=3j + 1 0D;

b := (j = length v - 1)

{b=(vVi. i <lengthv - 1 Av!i=x— v ! (i+1) =y)}

41 | 'I:
B|V| Qutput | Queryl Sledgehammer | Symbaols |

13.1 (308/308) Input/output complete lisabelle.isabelle, UTF-8sabelle)//mro UG 134/373MB 10:29 PM




|
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:

]
]
[}
]
]
]
+
]
]
[}
]
]
]

[sabelle [CK 51

- 2 ST AR

# |sabelle2017 - before.thy (n

File Edit Search Markers

DedE &

Folding View Utilities Magcros

1 @ X DB @ EEREED F¥ % © €

Plugins Help

™ before.thy (~/projectfisabelle_theories/)

» [Lemma "VARS j b
{True}
j = 0;

WHILE j < length v - 1 & (v!] = x — v!(j+l) = y)
INV {j < length v - 1 & (ALL i. i < j & v!i = x — v!I(i+l) = y)}
DO
ji= 3+ 1

0D;

b := (j = length v - 1)
AP = (ALC 1] i < len
T apply(vcg)

&vli = x — vI(i+l) = y)}"

<] [

TR \

| saunalﬂl alF‘s | SB3PIS | uoiEUEWNI0g | Pl ||J|

Proof state [¥] Auto update | Update | Search:

,Hmo%|,|

proof (prove)
goal (3 subgoals):
1. Aj b.
True —-
0 < length v -
2. Aj b.
(i < length v - 1 A
(Vi. i<jAav!ii=x—v! (i+1)=y)
j<lengthv -1 A (v!j=x—v! (j+1
j+ 1< length v - 1A
(Vi. i<j+1Av!i
3. Aj b.
(j < length v - 1 A
(Vi.i<jAv!ii=x—v!I(1+1) =y)) A
~(j<lengthv -1 A (v!j=x—v! (j+1) =y)) =
(j = length v - 1) =
(Vi. 1 < length v -

1A (vi.i<O0AvVv!Ii=x—v!(i1+1)=y)

=x — v ! (1+1)=y)

lAav!ii=x —v! (i+1) =y

4 il I

[x] |v| Output | Query | Sledgehammer | Symbols ‘

14,1 (318/318) Input/output complete (isabelle,isabelle, UTF-8-sabelle) uG L/954MB 10:

39 PM|
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]
]
[}
]
]
]
+
]
]
[}
]
]
]

——————p——————

& Isabelle2017 - before.thy (modifi

File Edit Search Markers Folding Wiew Utilities Macros Plugins Help

M@®@0 & ¢ Xo0 A® " BEE @ & © [

[sabelle | & 5 1FE =% 5EBA

™ before.thy (~/project/isabelle_thearies/)

{True}
j = 0;

DO

b :
L |{b

(j = length v - 1)
(ALL i. i < length v -

» [Lemma "VARS j b

WHILE j < length v - 1 & (v!j = x — v!(j+l) = y)
INV {j < length v - 1 & (ALL i. i < j & v!i = x — v!(i+l) =

16& — v!(i+l) = y)}"

[T
‘ s8l08L| | a;ﬂs I)qamapgs | UcljEjUsIWINo0g | 4 |ﬂ|

1]

[-app-br-(-veg-)—
-[ apply(auto)

[v]

Proof state [v] Auto update Update | Search:

vl ‘.1.60% |v‘

1. Aj i.
j <
i<

2. Aj i.

j

n A A

X

Via.

Via.

proof (prove)
goal (2 subgoals):

ila<jAv'iia=v!i-—v!Suia=y =
length v - Suc 0 =

Suc j = x=v!i=v!j#v!Ii=— v!Suci=y

ila<jAv'iia=v!i— v!Sucia=v! Suc j =

length v - Suc 0 =
Suc ] =
v!ii=y=v!Sucj= v!Suci=v! Sucij

4|

[

[x] |v | Output | Queryl Sledgehammer | Symbols

15,1 (331/331)

Input/output complete (isabelle,isabelle, UTF-8-sabelle)m o UG

954MB 10:48 PM|

BEEEBA < > K auto & E{T
(H>H W S5HE]
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IFEERICEERAS N THR
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]
]
[}
]
]
]
+
]
]
[}
]
]
]

——————p——————

4 Isabelle2017 - before.thy (modified)

File Edit Search Markers

M@®@0 & ¢ Xo0 A® " BEE @ & © [

Folding VWiew Utilities Macros Plugins Help

Isabelle (Z

X % 1ES %55

™ before.thy (~/project/isabelle_thearies/)

n

- [Lemma "VARS j b B
{True} E
j 1= 0; 7i
WHILE j < length v - 1 & (v!j = x — v!(j+l) = y) %
INV {j < length v - 1 & (ALL i. i < & v!i = x — vI(i+l) = y)} E
DO 2]
ji=j +1 E
0D; 1 E]
b := (j = length v - 1) :
- {b = (ALL i. i < length v - 1 & v!i = x — v!(i+l) = y)}" ]
apply(veg)
> |apply(auto)

1]

[v]

Proof state [v] Auto update Update | Search:

.v|‘100% |v‘

proof (prove)
goal (2 subgoals):

U7 d—-I)L % RCEPHEIRZEEZ 2%

UNG:Ok =)

fELVA & LTI Isabelle (277

AL THITBRERLICHES

/N

C DRI ZfEWV LY L.

1 g
Via.ia<j/\v!ia=v!i—>v!Sucia=y/
pt———ee ey - OUL U —

L i<Sucjf=x=v!i=v!j#v!ii= v!Suci-=y

- 2. AT
Via. ia<jAv!iia=v ! i — Vi™Sgeda =V ! Suc ] =
j < length v - Suc 0 =
i < Suc ] =
XxX=v!i=y=v!Suc j = v!Suci=v/! Suc]j

4|

[

[x] |v | Output | Queryl Sledgehammer | Symbols

15,1 (331/331) Input/output complete

(isabelle,isal

belle,UTF-8sabelle)l o UG 954MB 10:48 PM|
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o
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Isabelle |C Kk 3

]
]
[}
]
]
]
+
]
]
[}
]
]
]

——————p——————

4 Isabelle2017 - before.thy (modified)

File Edit Search Markers Folding View Utilities Macros Plugins Help

(T&@d@E & 9¢ 00 B@ NEEE B & @ [¢

IF 4 45T

™ before.thy (~/project/fisabelle_theories/)

{True}

j = 0;

WHILE j < length v -
INV {j < length v -

1& (vj =x — vi(j+l) = vy)
1& (ALL i, i < j &v!i=x — v!(i+l) = vy)}

DO
ji=j o+ 1
0D;
b := (j = length v - 1)
{b = (ALL i. i < length v - 1 & v!i = x T(i+l) = y)}"

apply(vcg)
aﬁr\'l yd antn)

-[’ipply(case_tac "i=3")

1]

L]

Proof state Auto update Update | Search:

v [roow |~

proof (prove)
goal (3 subgoals):

1. Aj i.

Via, ia<jAv!iia=v!i— v ! Sucia=y —

j < length v - Suc 0 =

i<Suc j =

x=v!li=v!j#v!li=li=jl=v!Suci=y
2. A\ji.

Via. ia<jAv!iia=v!i— v ! Sucia=y =

j < length v - Suc 0 =

i<Suc j =

x=v'!li=v!j#v!Ii=]i#ijl=v!HSuci-=y
3. Aj i.

Via. ia<jAav'!iia=v!i-—v!Sucia=v! Sucj =

j < length v - Suc 0 =

i<Suc j =

v!ii=—=y=v!Sucj= v!Suci=v! Suc]j

[»]

<
[x] |v | Output | Query | Sledgehammer | Symbaols ‘

16,1 (355/355)

(isabelle,isabelle,UTF-8-Isabelle) i o UG 116/936MB 10:57 PM

\
| saL0aY | | 81e1S |)13|)1a‘5 | ueneusWNa0g | q |ﬂ|

case_tac AV RZEE-T
i DIBAL ENLT
BEDTIT 3

1=

H$TA—JL1H i=] DBAY i4]
Digaicahni-o<T, 7d-)L
N3 DI o7t
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[sabelle | & 5 1FE =% 5EBA

Eile Edit Search Markers Folding View Utilities Magros Plugins Help

DE®dE & 6¢ XOE B® -~ 0660 B &# @ [¢

m before.thy (~/projectfisabelle_theories/)

j = 0; =

WHILE j < length v - 1 & (v!j = x — v!(j+1) = y)
INV {j < length v - 1 & (ALL i. i < j & v!i = x — v!I(i+l) = y)}
DO B
ji= 3 +1

0D;

b := (j = length v - 1)

{b = (ALL 1. i < length v - 1 & v!i = x — v!(i+l) = y)}"

apply(vcg)

apply(auto)

BpRllcassmtac "1 = ]
{ | apply(auto)

1] []

]
]
[}
]
]
]
+
]
]
[}
]
]
]

——————p——————

4 |sabelle2017 - before.thy (modified)

] E‘U auto %5%{[?

‘ sal0ay ] | aJ,‘J,s | J2BEPIS | uojjEuaWnI0g | Pl | ﬂ‘

Proof state [w] Auto update | Update | Search: -| |100% ‘v|

proof (prove) B

goal (1 subgoal):

- /\jviila. ia<jAv!iia=v!i—v!Suia=v! Sucj = Isabelle 75\\%%\;&/1/—6 < hTC

j length v - Suc 0 —

i<Sucj = ﬂjj_JLZOK%E@JEIEEH—CiﬁiTC

x=v!i=—y=v!Sucj = v!Suci=v! Suc]j
L —_
EICHhL L

A

4] []
a |v | Output | Queryl Sledgehammer | Symbols 59
17.1 (367/367) Input/output complete (isabelle.isabelle, UTF-8-Isabelle) i1 o UG 57/936MB_10:58 PM)|




[sabelle | & 5 1FE =% 5EBA

File Edit Search Markers Folding Wiew Utilties Magros Plugins Help
ODE®rE & 9¢ 00 @ NHEE 3 & @
B before.thy (~/project/isabelle_theories/) [~
INV {j < length v - 1 & (ALL i. i < j & v!i = x — v!(i+l) = y)}
DO
ji= 3+ 1
0D;

——————p——————

]
]
[}
]
]
]
+
]
]
[}
]
]
]

A& |sabelle2017 - before.thy (modified)

b := (j = length v - 1) B

- Hb = (ALL i. i < length v - 1 & v!i = x — v!(i+l) = y)}" __— §§OTC :\I\'—')l/:E)ﬂJTCHZ% LJT L\

apply(vcg) —
:Egtﬁi:zitac "i=3") E% % O)—C\'\ |=—| DiEA/\LT%\%%
|_lapplv(auto) b A 271 11 JJ A=

uL | 23S [amepis [ uenewnzwnzog [ 4 (@]

apply(case tac "i = j")
apply(auto)

4] L]

[v] Proof state [w] Auto update Update Search:l ~||100% |w

proof (prove) =

No SL.Jbgoals! 4 EIEEH;TET !
CDTAYT S LISEEFER R ER
TELSHTERSNLE

19.1 (403/403) (isabelle,isabelle, UTF-81sabelle)rm o UG 19/936MB 11:02 PM|

4] [v]
a |v | Output I Query | sledgehammer | Symbols 6 O
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| |
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1 1
| |
| 1
1 1
1 1

& Isabelle2017 - before.thy (modified)

File Edit Search Markers Folding View Utilities Macros Plugins Help

(@BdE & 4¢ X006 6@ -~ 000 B3¢ & © |€

- L ST AR

™ before.thy (~/project/isabelle_theories/)

DO
ji= i+ 1
0D;
b := (j = length v - 1)
- [{b = (ALL i. i < length v - 1 & v!i = x — v!(i+l) = y)}"

apply(vecg)
apply(auto)
apply(case_tac "i=j")
apply(auto)

apply(case_tac

apply(abt
‘ donel

i=j")

‘ S31103YL | aJ,eE | A243PIS | uolieaWN 00 | ] |E||

4]

v ]

[¥] Proof state ] Auto update | Update | Search: v oo [+]
theorem =
{True}
j = 0;
WHILE j < length ?v - 1 A (?v ! j =?7x — ?v ! (j + 1) = ?y)
INV {j < length ?v - 1 A
(Vi. i <j A !l i=2x— 2v! (i+1)=7y)}
DO j = j + 1 0D;
b := (j = length ?v - 1)
{fb=(vi. i <length ?v - 1 A ?v ! i=7"x — ?v! (1 + 1) = 7?y)}

D] |

<]
[x] |v | Output | Query | Sledgehammer | Symbols

19,5 (403/404) (isabelle.isabelle, UTF-8-sabelle)imro UG

done <Y > R TCHEBAZRA L %

RICARALICEEARTEINS
HFEOEEDZRIFZATZUIC
TERIN, BRTHAHATES

36MB 11:09 PM|

61



]
]
}
]
]
]
+
]
]
}
]
]
]

#" Isabelle2017 - beforethy (modified)

File Edit Search Markers Folding Wiew Utilities Magros Plugins Help

D@db & 9¢ K00 0@ CEHEE B &# @ (€

® before.thy (~/project/isabelle_theories/) =
» [Lemma "VARS j b -
{True}
j =0; I
WHILE j < length v - 1 & (v!j = x — v!(j+1) = y)
INV {j < length v - 1 & (ALL i. i < j & v!i = x — vI(i+l) = y)}
DO b
ji=j+1
0D; r
b := (j = length v - 1) z
= A < length v - 1= x — v!(i+l) = y)}" ]
apply(vcg)
LL apply(auto)
|I 8
S p— — b ]
Provers: cvcd 23 spass e remote_vampire ~] [lisar pracfs & Try methads | | Apply ‘[@‘ Locate [[100% |+ |

Proof found...
"e": Try this: using less_antisym apply blast (0.0 ms)
"spass": Try this: using not_less_less Suc_eq apply auto[1l] (31 ms)

"z3": The generated problem is malformed ”’,/’
"cvcd": Try this: using less_antisym apply blast (0.0 ms)

< [ P\:
[x] |V| Qutput | Qudry | Sledgehammer | Syrfibols

15,1 (331/331) = put complete (isabelle,isabelle,UTF-8-sabelle) 9]¢} 7/936MB 11:07 PM|

HRY — )LD L

=)D auto F TR

”i| 115 l)( SEPIS | UoIIEuaWN200 | 4 |m|

Sledgehammer % 7 Z B &
Apply RAE > ZH T &
WEOI—ILOFERZNETES
Z Z Tl& cved, z3, spass,e (1T
L THEEZ H L T z3 S SBER%
TERZRLTEL
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| |
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& Isabelle2017 - before.thy (i

File Edit Search Markers Folding View Utilities Magcros Plugins Help

IE@dE & 9¢ XOE 8@ MEED 3 & © (¢

™ before.thy (~/projectfisabelle_theories/)

{True}
j = 0;
WHILE j < length v - 1 & (v!j = x — v!(j+1) = y)
INV {j < length v - 1 & (ALL i. i < j & v!i = x — v!(i+l) = y)}
DO
ji=j +1
0D;
b := (j = length v - 1)
- |{b = (ALL i. i < length v -
apply(vcg)

1 &vii=x — v!I(i+l) =

plv(auto)
ipusing less_antisym apply blast

T Y

[sauoauL [ =85 [eptepis [ueneiuzwnaoa [ 4 [&]

<

[*]

[¥] Proof state [w] Auto update | Update | Search: v|[roo% [+]
proof (prove) =
goal (1 subgoal):

1. Aj i.
Via, ia<jAv!iia=v!i— v ! Sucia=v! Sucj =
j < length v - Suc 0 =
i < Suc j =
X=v!i=y=v!Sj=v!Sui=v! Suc]j

-

4

[*]

[x] | 'l Output | Query | Sledgehammer | Symbols

16,1 (354/364)

(isabelle,isabelle, UTF-B4sabelle)rimr o UG H936MB 11:07 PM

HRY — )LD L

Sledgehammer D#ER%Z 1) v
U3 BCEHEMICONYY KA
SN

EERB S NI=D T
H7d-IIA1DIC% o7
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HRY — )LD L

| 1
| 1
| |
| |
1 1
| |

+ +
1 1
1 1
| |
| 1
1 1
1 1

4 Isabelle2017 - before.thy (modified)

Eile Edit Search Markers Folding \iew Utilities Magcros Plugins Help

D@dE & 9¢ XIUEB B® (DR B & © €

= before thy (~/project/isabelle_thearies/) -~
j o= 0; B
WHILE j < length v - 1 & (v!j = x — v!(j+1) = y)
INV {j < length v - 1 & (ALL i. i < j & v!i = x — v!(i+l) = y)}
DO M
ji=j+1

BE Sledgehammer 3217
CHEoHBEEICEIRA TN

0D;
b := (j = length v - 1)
{b = (ALL i. i < length v - 1 & v!i = x — v!(i+l) = y)}"
apply(vcg)
apply(auto)
using less_antisym apply blast
using less_antisym by blast

| salI03LL | 21E1S |>1:)\>1ap!5 | uopEUaWNI0g | 4 |m|

4 D]
¥l Proof state [v] Auto update | Update | Search: v [oo% [+
theorem =
{True}
ji=0;

WHILE j < length ?v - 1 A (?v ! j =7?x — ?2v ! (] + 1) = ?y)
INV {j < length ?v - 1 A
(Vi. i <jA?2v ! i=7?-—2?2v! (i+1) =7y}
DO j :=3j + 10D;
b := (j = length ?v - 1)
{b=(vi. i <length ?v - 1 A ?2v ! i =7x — ?2v ! (i + 1) = ?y)}

4 [»]
[x] |V| Qutput | Query | Sledgehammer | Symbols ‘

171 (394/354) Input/output complete (isabelle.isabelle, UTF-8-sabelle) o UG 936MB 11:08 PM|
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* The sel.4 Microkernel (Isabelle)

- https: //researchgate.net /publication /220420663 _sel.4_F
ormal_Verification_of_an_Operating-System_ Kernel

il

* The CompCert verified compiler (Coq)

- http: /compcert.inria.fr/doc/
* CakeML: A Verified Implementation of ML (HOL4)

- https: //cakeml.org/
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VIRTUAL

TIME QUANTUM

54(56)” ~
K,(5,1) "\ k,16,2)

ELECTRONS

F16. 1. The fundamental interaction Eq. (4). Exchange of one
quantum between two electrons.

HEFEN T BHF & 3HE

Space-Time Approach to Quantum Electrodynamics,
R. P. Feynman, 1949

©2018 PRINCIPIA Limited
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ICDWTOIERONEME

Building communicating systems is not a well-established science, or even a
stable craft; we do not have an agreed repertoire of constructions for
building and expressing interactive systems, in the way that we (more-or-
less) have for building sequential computer programs.

But nowadays most computing involves interaction - and therefore involves
systems with components which are concurrently active. Computer science
must therefore rise to the challenge of defining an underlying model, with a
small number of basic concepts, in terms of which interactional behaviour
can be rigorously described.

Communicating and Mobile Systems: the w-Calculus, Robin Milner, 1999

©2018 PRINCIPIA Limited 69



* Communicating Sequential Processes

s WITRATLDIRDE
FHIIEES

Westih L, TDEEZRLY 5 7cHDE

- 7O ZRBMEMEINBIERD 12 (IcrEtELRY)

* 1978 & C. A. R. Hoare
* R
- FHCBAROER
- EELREKR

©2018 PRINCIPIA Limited
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req
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(%

1K P2

kL —X | (req, ack, calc, wait, ...)

HRAINZ ARy N ERRYITRERYT %
Nz hcL—REWD
SRTLDEELSD ML —ZADEEN
SRATLOBETHDEERS
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VTP 0 T4 T AT LDIESMRG

C M/ ll\l-- .fﬁ

T

4k S

)
a)

(

(

(a, b
(a, b, C)
(a, b

(a, b

(a,b,c,e) ¢S

SRATLDERT B ML —RIFARICE ENTLRITNRIEE S L
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¥ (Sr70Owvy)

* ABEBRDOB/ERNTIT DL, BRNGERZEDER LA CHE
ERDTE <R3, COHRZFHE (divergence) 7ol
A0y WD

CPU Intel(R) Core(TM) i7-4770 CPU @ 3.40GHz

?????
%

TOURE  ALYFE IR ?;E:ET:':,t;;

60 870 21383 mm .
FEE Hyper-v H—F: [y
5:13:31:42
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%
PN

BFEERIBIC K D CHBRZEECIN T B |« BiERBcoBEN 53

REICDOWTOEEF 0,0 TIaRLIcHREBNZE > TEkRERY

(Ip | BIZpHEDILD []—error RLTIZ—ICIFA 580
OP | W pHEEDIID ¢ print WS NERIT N3
BERICL>THBERBTS | 2 SOBBROBIELHELETE 3
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SyncStitch

* CSPICEDKMITURTLDIRDEFEWVWET UL - BEY—IL
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[X] Process list - ringbuf

Model | Definitions | Assertions\ Status\ Compile | Debug|
kRO

SyncStitch

] Process - SPEC

State \ Final State | Transition | Memo | Properties| Eerrs| Hide all \ Explnre|

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, snd.stop'k [(< k (- n 1)1]

. snd.stoplk [(= k (- n 1))]
RN AR~ =2 Y
AINRRE

o
! fi+ k1)
e y snd.start’k

' |
@ ORI

snd.startlk
—

¥ snd.stoplk [(< k{-n
t ‘\u K1)
snd.stoplk [(< k- n 1))} —

[0

Paused k

Palying k

{
/
\ " !

ki< k(-n1)

d.stop
I+ k1)

~— e

[[X] Transitions

X] Process Explorer - RINGBUF

ns - music-player |event [target

%] Defi

Tran5| Path | Tree \ Expr\ Env| Seq | Hide all |

(define n 3) [~ slotwait 21

(define D (map list (interval 0 n}))

eI N eV R LS LSS i
 (define-eve :

wn 7O A0S

(define buttons (list play]

(define-channel snd.star|
(define-channel snd.stog
(define-channel snd.pau
(define-channel snd.resy

(define sounds
(list snd.start

snd.stop
snd.pause
snd.resume})
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@ rd.2.0 out2 siot. swgna\‘
rra‘t"uinaut I []

[Xlseq e Diagram

slot.wait in.2 wr.2.0 msg.signal
RECEIVER

[X] Environment msg.wait rd.2.0 out.2 slot.signal

SEMDER

variable | value

x5 <0,0,0,0,0,0>

BUFFER
MSGSEM
SLOTSEM
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Producer O

Producer 1

Producer 2

Consumer 0

Consumer 1

Consumer 2

[X] Assertions - producers-consumers-cv

v

p
v
v

(deadlock SYS)

(divergence HSYS)
(failure SPEC HSYS)
(failure HSYS SPEC)

E Producer

e — ST

' | Producer (i : ;Eonsumer 0 )TNy Ty
E i E IC & B

' | Producer 1} : ; {Consumer 1

} -

EYViRA Y NOMETIEARL
IREZEVWDEIZCOLWTHRETE S

ETOCVREEY IPRYTHULUICERT
DT TEZ ([ RY NEAHREEEER)

IS EE /82, HR/IER
I EEMICKHC TR Y %

ETFILANEMICEBIE LRET S
ZET, SFIFEETAERRE

THEEICHAITTE 3.

BRERODETILLIMRETE L

Transitions

Process Explorer - CVM

‘event target

Trans ‘ Path | Tree ‘ Expr ‘ Env | Hide all ‘

[ broadcast0 (CVML #f (0) () (
[ broadcastl (CVML #f () (0) (

signal0 (CVML #f (0) () (
[ signal1 (CVML #f () (0) (
[ ] unlock STOP

[ lock.1 (CVML #f (1) (0) ()

Environment

‘ value
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variable

cs0 (0)
csl 0
m #f
ms 0

7Ot ADIRDEVNE
SHEARE L THBEL—
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]
]
]
]
]
]
+
]
]
[}
]
]
]

——————p——————

AMTE 2 —

[X] status - producers-consumers-cvi-deadlock

1701 states

the state space diameter 13
Unfolding SYSTEM

4356848 statesl

the state space diameter 200
Determinizing SPEC

112 states

Calculating minimal acceptances for SPEC

Checking refinement relation: SPEC [F= SYSTEM

[X] Transitions [X] Process Explorer - SPEC
levent ‘target Trans l Path l Accept l Compo l Tree l Expr‘ Env‘ Hide all l
in.0 5
in.1 3
out.0 6
out.1 7

ERDHER S NTRRE

4
[X] Transitions blorer - SYSTEM
5‘% dx ‘ EVEnt target Tree | Expr | Env | Seq | Hide all | (x] Path
< in.0 101 |event |target
in.0 102 74 wait0.3 76
in-1 103 75 tau 77
in.1 104 unlock ret.3 cnt_rd.0 wait).3 W 76  ret2 78
Y e L) s~ (1) SRR~ (V) SRR ¥ (T W) SR '
: out.1 105 3 @ 77 cnt.rd.0 79
[X] sequence Diagr J 78 putp_rd.1 80
o2 79  wr.1.1 81
waltl.
(H(wait0 p) (! (r.. I 80 putp_wr.0 82
(X] Process Tree 81 cntwrl 83
82 signal0 84
(! (lock p) (! (ret.. 83 tau 85
lock.0 ret.0 cnt_r 84 unlock 86
(! (lock p) (! (ret.. 85 tau 87
86 ret4d 88
(! (lock p) (! (ret.. 87 «cnt_rd.1 89
=50, 88 getp_rd.1 90
( (lock p) { (ret.. hide |—| par 89 rd.1.1 91
90 getp_wr.0 92
@ 91 «cntwr.0 93
= 92 signaldo 94
[X] Environment 93 tau 95
(GETP 0) - 94 unlock 96
: variable | value 95  tau 97
(sid 18 (. m Unlock
(PUTP 0) 96 ret.3 98
J e ¢ 97 cntrd0 99
BUFFERO cs0 31 98 wait0.3 100
csl {}
C 1] 1]
CVMO AL \ 4 v 3
tau tau




a5t E TR

s KIRZEBcTEHE 71— NV IDBDD B
- ZEZNEEINS
- LW TTHEEFNDS
- EEWCR DK
s XKIRZ ABDRRBLHETDHDTIEDH 277
- V=) ZEZIETEBEPCRENTES
* WEEHRET I >T - BEBEY —ILIIFETZRIICKIRT S
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X

E7ILE

[X] Process - Ui

State \ Final State \ Transition \ Memo\ Properties \ Hide all \ Explore \

request (down_enque MAKE)

(up_deque DONE)

coffee
(up_deque BONE)

(up_deque DONE) cancel

(down_enque DISCARD)
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vaxi)

®E

[X] Assertions

¢ (deadlock SYSTEM)

[X] Transitions [] Process Explorer - SYSTEM
|event |target Trans| Path | Tree| Expr| En\.'| Seq | Hide all |

[~ down_engue.MAKE 18
[~ down_deque.DISCAR 2

i =yyn_engue. v drip enque.DO cancel
o s D RNey e e N

NS NS
down_deqire.DISCARD
n_deque.
[x] Path I )
| event | target

0 reguest 2 [X] Process Tree (x| Environment
1 down_enque.MAKE 3 EPEET] variable |va|ue
2 cancel 4 - XS -
3 down_engue.DISCARLS
4 request 6
5 down_enque.MAKE 7
6 cancel 8 a8 a
7 down_enque.DISCARL 9 I L L
8 down_deque. MAKE 10
9 request [X] sequence Diagram
[l down_deque.D request down_enqueMAKE cancel down_enque.DISCARD
11 down_deque.M . -

o ]
[ on |

|(QUE DOWN (l I L
| (QUE UP[Ilst}}I

Ui
Drv
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s ERFEIFY I TEITRICTS
- FIERREEERC TS
- EZFE > TEHBGRRZEDRIT S
* EREAFE
- etk
- e UAREE
- ETFILRE
* EAFEDOTMR
- BERIXREALETZCHTES FEEHIETER)
- HEYORBEESZDH S
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SENE )27 LA F AR

c YTk -ITws: VIMIZT7HEORZERZRDT, FEE, #bHb XL,
2013

o TEFRCMARRED) OEKICHAIT T~EAFEC L ? ~, Al &t
- http: //research.nii.ac.jp/~f-ishikawa /work /files /2012-05-11-SQiP-intro.pdf

* BIEE - BREVI MUV I T DO OEIERRILIFE - RATOMRECADIR
W, 1EH RITEB
- http: //www.kb.ecei.tohoku.ac.jp/~sumii/pub/RSA.ppt.pdf

* VI MU T7HREER  REHEDOY 7 U TRAREICKO SN ZHIENER, B
HR fF IR, REF 3OF B EE EF  HO e E, AMuHBE E—&EE, 2009

* OYEa—42YAIVRAM (2) HEB 7O S LEKR, BILH, PE®H
—, RBINEA, 1999

* Logic in Computer Science: Modelling and Reasoning about Systems, Michael
Huth, Mark Ryan, 2004
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 Using Z: Specification, Refinement, and Proof

- http: //cs.cmu.edu/~15819 /zedbook.pdf
- VDM++

C HHOREEREBNICED 5 FE VDM ICE 54 T 10 MERY 27 AOBRHER

AN EeXE
if, BEIEER, a3y JaovyVYP IR, E—=F—JILZ—tY, R=IlIvhHh—2—,
72y bk, I—TILNN—=KT &, 2010, Fktt

© S5
- 7z ARy bET—=TUR
* https: //ipa.go.jp/files /000044283.pdf
- ZA70RT4 VR
* http: /jasst.jp/symposium /jasstl7tokyo/pdf /D3.pdf
- BRI RICE T SEAFENINSEFRAERSE (IPA)
* https: //ipa.go.jp/sec/softwareengineering /reports /20130125.html
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EXH - ) >0 L FEAREE

A

- 7077 LIREER (BB 8), M E &, 1995,, HITHAR
- O3V 0RE (BRLES 1) —X), D. 71— (&) BREEZ (BR), 1991, EZRALE
- Coq/SSReflect/MathComp IC &K 2 FEIEFAH: 71—V 7 hTIELOH23F ORI, #EZF (F), 77zt - LFILR
(&), 2018, FHFILHAR
- Concrete Semantics with Isabelle/HOL
* http: //concrete-semantics.org
- V=L
- Isabelle
* https://isabelle.in.tum.de/
- Coq
* https://coq.inria.fr/
* Ef
- The selL4 Microkernel
* https://sel4.systems
- The CompCert verified compiler
* http: //compcert.inria.fr/doc/
- CakeML: A Verified Implementation of ML
* https://cakeml.org/
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* TFRK
- WITY AT LDKEEE R - XX FACSPICE DK BFEHELTY X7 LBFEAF], BEHFHE, 2012
- Model Checking, Edmund M. Clarke Jr., Orna Grumberg, Doron Peleg, Calin Belta, 1999
- SPIN Model Checker, The: Primer and Reference Manual, Holzmann, 2003
- Concurrency: State Models and Java Programs, Jeff Magee, Jeff Kramer, 2006
V=)l
SyncStitch

* https://principia-m.com /syncstitch/
FDR4

* https://cs.ox.ac.uk /projects/fdr/
PAT: Process Analysis Toolkit

* http: //pat.comp.nus.edu.sg/

LTSA - Labelled Transition System Analyser
* https://doc.ic.ac.uk/Itsa/
Spin Model Checker
* http: //spinroot.com/spin/whatispin.html
NuSMV
* http: //nusmv.fbk.eu/
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« CSP

- http: /www.usingcsp.com/

* FBER 1 R—7 CSP ET L DIEzR

* TETR

- Communicating and Mobile Systems: The Pi Calculus, Robin Milner, 1999
* Event-B

- Event-B: U7 74X b« ®EFTVUIICEDLKIENXTFE, FEE, KREABXMHEE, 2015
* CafeOBJ

- ETINOERREHELEDICHDTOT S X 2T AF]— CafeOBI I K B IHRRAREE, —AKES, 2017
* Alloy

- HWRICKDY T U T T7ERET— Alloy TIE L ® BN FE—, Daniel Jackson®E, FE E (835R), 5
H @2E (BER), BH B (BIER), =k B (BUER), A ik (8UER) , 2011

* SAT/SMT solver

- SAT/SMT YV JLI\NDE#EHA, B Ba
* https: //slideshare.net /sakai/satsmt
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