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Motivation

@ The Z notation is a rich specification language:

@ This flexibility can however make it difficult to automate in practice.

@ Z Machines: restricted subset of Z in Isabelle/HOL (like Event-B).

@ A design pattern for the more general Z language.

@ Closer to an implementation and requires some design decisions.

@ Careful handling of types vs. set dichotomy, which is less visible in Z.
@ Includes support for (1) proof obligation generation and (2) animation.
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Motivation

@ The Z notation is a rich specification language:

_ IncubatorMonitor
temp : 7

MIN < temp < MAX

__Increment
A IncubatorMonitor

temp < MAX

temp’ = temp + 1

@ This flexibility can however make it difficult to automate in practice.

@ Z Machines: restricted subset of Z in Isabelle/HOL (like Event-B).

@ A design pattern for the more general Z language.

@ Closer to an implementation and requires some design decisions.

@ Careful handling of types vs. set dichotomy, which is less visible in Z.
@ Includes support for (1) proof obligation generation and (2) animation.
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Example: Dwarf Signal Types (£)

Lampld == L1| L2 | L3

dark, stop, warning, drive : F Lampld

dark = ()
stop = {L1, L2}
warning = {L1, L3}
drive = {L2, L3}

ProperState == {dark, stop, warning, drive}

Signal == F Lampld
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Example: Dwarf Signal Types (Isabelle)

enumtype LampId = L1 | L2 | L3
type_synonym Signal = "LampId set"

enumtype ProperState = dark | stop | warning | drive

definition "ProperState = {dark, stop, warning, drive}

fun signallLamps :: "ProperState = LampId set" where
"signalLamps dark = {}" |
"signalLamps stop = {L1, L2}" |
"signallamps warning = {L1, L3}" |
"signallLamps drive = {L2, L3}"



Stores

@ A store is a set of variable declarations to be present in the state.
@ Corresponds to a state schema in Z (no dashed variables).

@ Introduces several state components (x, y, z) and invariants.

@ Invariants can be optionally named and are collected in state_inv.
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Stores
@ A store is a set of variable declarations to be present in the state.

zstore state =

x :: T1
y :: T2
z :: T3
where invl: "assert"”

@ Corresponds to a state schema in Z (no dashed variables).
@ Introduces several state components (x, y, z) and invariants.

@ Invariants can be optionally named and are collected in state_inv.
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State Schema and ZStore
— Dwarf

last_proper_state : ProperState
turn_off , turn_on : F Lampld
last_state, current_state : Signal
desired_proper_state : ProperState

(current_state \ turn_off ) U turn_on = desired_proper_state
turn_off N turn_on = ()

zstore Dwarf =

last_proper_state :: "ProperState"

turn_off :: "LampId set"”

turn_on :: "LampId set"

last_state :: "Signal"

current_state :: "Signal"

desired_proper_state :: "ProperState"
where

"(current_state - turn_off) U turn_on = signallamps desired_proper_state"
"turn_on N turn_off = {}"
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Dwarf Signal Requirements Schema

__ NeverShowAll

Dwarf
current_state # {L1, L2, L3}

— DwarfSignal

NeverShowAll
MaxOneLampChange
ForbidStopToDrive
DarkOnlyToStop
DarkOnlyFromStop

We deal with these separately in Z Machines.
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Operations

@ zoperation corresponds to a Z operation schema, but restricted.
@ Inputs (a?) and outputs (b!) are modelled by parameters.

@ Parameters come from sets, not types. Can depend on the state.

@ Preconditions can depend only on the undashed before state.

@ Assignments update variables. Unmentioned variables unchanged.

@ State invariants are not imposed; we need to prove they are preserved.
@ Much closer to an implementation of the model.
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Operation to Set New Proper State

__SetNewProperState
A DwarfSignal
st? . ProperState

current_state = desired_proper_state
st? # current_state
last_proper_state’ = current_state
turn_off’ = current_state \ st?
turn_on’ = st?\ current_state
last_state’ = current_state
current_state’ = current_state
desired_proper_state’ = st?




Operation to Set New Proper State

Zoperatlon etNew roper tate =
__SetNewProperState ion SetNewP S
A DwarfSignal over Dwarf b .
. arams ste"ProperState -
st? : ProperState P )
p S {desired_proper_state}"

current_state = desired_proper_state pre "current_state =

st? #:cu77€nt state signallLamps desired_proper_state"
) T update "[

last_proper_state’ = current_state

, o last_proper_state’ =
turn_off’ = current_state \ st? desired_proper_state

turn_on’ = st?\ current_state turn_off’ =
last_state’ = current_state current_state - signalLamps st
current_state’ = current_state ,turn_on’ =
desired_proper_state’ = st? signallLamps st - current_state

,last_state’ =
current_state
,desired_proper_state’ = st]"
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Machines and Animation

@ Often implicit in the Z notation; the set of all operations.
zmachine machine =
over state
init "[2' = exp, ..., 2 = exp]"
operations Opl Op2 ... Opn
animate machine
@ Generates an interaction tree semantics, for animation.
@ Animate using animate command. Useful for design-space exploration.
@ Sets initial state, checks which operations + parameters are enabled.

@ For animation, parameters should typically be drawn from a finite set.
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Verification and Proof Obligations

@ Requirements specified as machine invariants (cf. DwarfSignal).

lemma Init_inv: "Init establishes state_inv"

lemma Opl_inv: "Opl (X, y, Zz) preserves state_inv"

@ Machine verification requires we demonstrate:

@ The initial state assignment establishes the invariants.
@ Each operation preserves the invariants.

@ Specified as Hoare conjectures: {state_inv} Opl(z,y, z) {state_inv}.
@ Proof obligations can be generated using method zpog_full.

@ Weakest preconditions; every operation is a constrained assignment.
@ For large models, manage proof obligations using Isar and explore.
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lemma "Init establishes Dwarf_inv"
by zpog_full
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Example: Dwarf Operations

lemma "Init establishes Dwarf_inv"
by zpog_full

lemma " (SetNewProperState p) preserves Dwarf_inv"
by (zpog_full; auto)

lemma "TurnOn 1 preserves Dwarf_inv"
by (zpog_full; auto)

lemma "TurnOff 1 preserves Dwarf_inv"
by (zpog_full; auto)
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Managing Requirements

@ Requirements characterised by named assertions using zexpr.

zexpr reql is "assert"”
zexpr req2 is "assert"

zoperation ReqlFailed =
over state

pre "—- reql"

@ System documentation and safety argumentation.
@ Show that each operation preserves safety invariants (or fails to).
@ ReqlFailedis a litmus test for req1; enabled if req1 fails.

@ Test using animator. Verify using proof obligation generator.
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Example: Dwarf Signal Requirements

zexpr NeverShowAll
is "current_state # {L1, L2, L3}"

zexpr ForbidStopToDrive
is "(last_proper_state = stop — desired_proper_state
# drive)"

lemma " (SetNewProperState p) preserves NeverShowAll"
by zpog_full

lemma "TurnOn 1 preserves NeverShowAll"
apply zpog_full
quickcheck



Example: Dwarf Signal Requirements

zexpr NeverShowAll
is "current_state # {L1, L2, L3}"

zexpr ForbidStopToDrive
is "(last_proper_state = stop — desired_proper_state
# drive)"

lemma " (SetNewProperState p) preserves NeverShowAll"
by zpog_full

lemma "TurnOn 1 preserves NeverShowAll"
apply zpog_full
quickcheck

lemma " (SetNewProperState p) preserves ForbidStopToDrive"
apply zpog_full
quickcheck
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Checking the Specification

Isabelle2021-1/Z Machines - DwarfSignal.thy

File Edit Search Markers Folding View Utilities Macros Plugins Help

File Browser Documentation ¢ @

edE o 'Y o @ C iy & 0 ¢
OwarfSignalthy (-/Uni/Teaching/PROF/PROF/Seminars/)
section warf

theory DwarfSignal
imports "Z Machines.Z Machine"
begin
notation undefined ("7?77")
subsection
enumtype LampId = L1 | L2 | L3
type_synonym Signal = “LampId set"
enumtype ProperState = dark | stop | warning | drive
definition "ProperState = {dark, stop, warning, drive}"
fun signallLamps :: "ProperState = LampId set" where
"signalLamps dark = {}" |
"signalLamps stop = {L1, L2}" |

"signalLamps warning = {L1, L3}" |
"signallLamps drive = {L2, L3}"

Proof state / Auto update Update  Search:

0+ Console Output Query Sledgehammer Symbols

38,1 (875/3089)

(isabelle,isabelle, UTF -8-Isabelle)

Purge 7 Continuous checking [ Prover: ready o

HoL
[scratch™ ]

[DwarfSignal

SSUOBUL 1035 PDRPIS SUNSIY YIeasRdAH ¢




Checking the Specification

Isabelle2021-1/2 Machines - DwarfSignal.thy

File Edit Search Markers Folding View Utilities Macros Plugins Help

" N ~ 00 Ll 1 & 0 ¢
OwarfSignalthy (-/UniTeaching/PROF/PROF/Seminars/) Purge 7 Continuous checking | Prover: ready
update "[turn_off’ = turn_off - {1} HoL
turn_on’ = turn_on - {1} o] [owarisigna
,last_state’ = current_state

,current_state’ = current_state - {1}]"

zoperation TurnOn =
over Dwarf
params L€turn_on
update "[turn off’ = turn off - {1}
,turn on” = turn on - {1}
,last_state’ = current_state
,current_state’ = current_state U {1}]"

File Browser Documentation ¢ @

SPUOBYL 1315 HDPEPIS SINSaY YIeasRdA « o

Haperation Shine =
over Dwarf
params l€"{current_state}"

definition Init :: "Dwarf subst" where
[z defs]:
"Init =
[ last _proper state ~» stop
, turn_off ~ {}
, turn_on ~ {} e
, last_state ~» signallamps stop

Proof state / Auto update  Update  Search: =

0~ Console OUtput Query Sledgehammer Symbols
62.1 (1658/3089) (isabelle,isabelle,UTF -8-Isabelle)



Checking the Specification

Isabelle2021-1/2 Machines - DwarfSignal.thy

File Edit Search Markers Folding View Utilities Macros Plugins Help
B®0© £00 Q@ T %X & O ¢
OwarfSignaL.thy (-/Uni/Teaching/PROF/PROF/Seminars/) Purge 7 Continuous checking [ Prover: ready

HoL

zoperation Shine =

o
s

2 ot [Scratch [Dwarfsignal
5 over Dwar T

£ [owartsignal

g params le"{current state}" e

5

g

S| |[definition Init :: "Dwarf subst" where

g [z defs]:

H “Init = |

£ [ last _proper state ~+ stop

, turn off ~ {}

, turn on ~ {}

, last_state ~» signallLamps stop

, current_state ~+ signallLamps stop
, desired proper state ~- stop!]"

S3U0BUL 21015 PORPIS SIS WieasRdAH « o

zmachine DwarfSignal =
init Init
operations SetNewProperState TurnOn TurnOff Shine

zexpr NeverShowAll
is "current state # {L1, L2, L3}"

zexpr MaxOneLampChange
is 2fees

Proof state  Auto update  Update _ Search - o
consts
Tnit :: “Dwarf = Dwarf"
0+ Console Output Query Sledgehammer Symbols
68,11 (1781/3089) (isabelle,isabelle,UTF -8-Isabelle)



Checking the Specification

hines - Dwarfsignal.thy ]
File Edit Search Markers Folding View Utilities Macros Plugins Help
RORC) ¥ ] : - iy & O ¢
@ " OwarfSignal hy (~/UniTeaching/PROF/PROF Seminars/) Purge 7 Continuous checking [ Prover: ready o
v oL -
§' |definition Init :: "Dwarf subst" where [Scratch | [DwarfSignal 5
5 [z _defs]: L 3
€ (D ]r'S
H “Init = . 5
3 [ last proper state ~+ stop 2
; , turn off ~ {} ]
g , turn_on ~ {} 7
3 , last_state ~» signallLamps stop 2
£ , current_state ~» signallLamps stop 2
, desired proper state ~+ stop ]" k2
zmachine DwarfSignal = ;
init Init g
operations SetNewProperState TurnOn TurnOff Shine &
animate i
zexpr NeverShowAll
is "current state # {L1, L2, L3}"
Proof state -/ Auto update Update Search: > 00%

0+ Console Output Query Sledgehammer Symbols
80.9 (2050/3099) (isabelle,isabelle,UTF -8-Isabelle)



Checking the Specification

hines - Dwarfsignal.thy ]
File Edit Search Markers Folding View Utilities Macros Plugins Help
BRE & ¥ ] 3 - iy & © ¢
" OwarfSignalthy (~/Un/Teaching/PROF/PROF/Seminars/) Purge 7 Continuous checking [ Prover: ready o
v oL -
§' |definition Init :: "Dwarf subst" where [Scratch | [DwarfSignal 3
il ietel:
H “Init = g
3 [ last proper state ~+ stop s
& =
= , turn off ~ {} §
£ , turn_on ~ {} =
@ , last_state ~» signallLamps stop 2
£ , current_state ~» signallLamps stop 2
, desired proper state ~» stop ]" 2
P
zmachine DwarfSignal = = ;
init Init g
operations SetNewProperState TurnOn TurnOff Shine &
animate DwarfSignalll
zexpr NeverShowAll
is "current state # {L1, L2, L3}"
Proof state / Auto update  Update  Search: v 00%
See theory exports o —
Compiling animation... »

a/~ Console Output Query Sledgehammer Symbols
80,20 (2061/3110) Input/output complete (isabelle.isabelle,UTF-8-Isabelle) uG



Checking the Specification

hines - Dwarfsignal.thy ]
File Edit Search Markers Folding View Utilities Macros Plugins Help
B & '3 [w] ? - iy & O ¢
o ™ Owartsigalthy (-/UniTeaching/PROF/PROF/Seminars/ Purge 7 Continuous checking [ Prover: ready o
v oL -
€ initi 1 " wher : z
5 definition Init Dwarf subst" where [Scratch [Dwarfsignal 5
£ [z_defs]: [owarfsignal] 3
H "Init = = g
3 [ last_proper state ~+ stop s
g =
= , turn_off ~ {} 3
5 , turn_on ~ {} =
1 , last_state ~» signallamps stop g
2 , current_state ~» signallLamps stop 2
, desired proper state ~-» stop ]" 2
g
; o
zmachine DwarfSignal = 3
init Init g
operations SetNewProperState TurnOn TurnOff Shine 2
Proof state < Auto update  Update Search: v 00%

See theory exports
Compiling animation...
See theory exports
Start animation

|~ Console Output Query Sledgehammer Symbols
80.20 (2061/3110) Input/output complete (isabelle.isabelle,UTF-8-Isabelle) uG



Checking the Specification

Machines - Dwarfsignal.

File Edit Search Markers Folding View Utilities Macros Plugins Help

@O Xeo 3 - iy & © ¢
™ OwarfSignal thy (~/Uni/Teaching/PROF/PROF /Seminars/) Purge 7 Continuous checking [ Prover: ready o
- HoL -
§ definition Init :: "Dwarf subst" where [Scratch | [DwarfSignal 5
Bl [z defsl: [Dwarfsignal] 3
H "Init = oW §
g [ last _proper state ~+ stop ::D
; , turn off ~ {} ]
g , turn_on ~ {} T
H , last_state ~» signallLamps stop 2
£ , current_state ~» signallLamps stop 2
, desired proper state ~» stop ]" ;
P
zmachine DwarfSignal = ;
init Init g
operations SetNewProperState TurnOn TurnOff Shine 2

Proof state < Auto update  Update Search: v 00%
See theory exports
Compiling animation...
See theory exports
Start animatiop

0~ Console Output Query Sledgehammer Symbols
80,20 (2061/3110) (isabelle,isabelle, UTF 8-Isabelle) uG



Checking the Specification

File Edit Search Markers Folding View Utilities Macros Plugins Help
Bro S ¢ Xp0 R@® C 1 & 0 ¢
= OwarfSignal thy (~/Uni/Teaching/PROF/PROF/Seminars/)

o
§¢ |definition Init :: "Dwarf subst" where
g [z defs]:

8 “Init =

3 [ last _proper state ~+ stop

i , turn_off ~ {}

2 , turn_on ~ {}

& , last_state ~» signallLamps stop

2 , current_state ~» signallLamps stop

desired proper state ~» stop ]"

sy %

Press %<TAB> to list built-in commands.
Run built-in with --help argument to get a brief usage message.
Run %help to view Console plugin online help.

Errors generated by compilers and some other programs are listed
for easy one-click access in the 'Plugins->Error List->Error List'
window.

~/Uni/Teaching/PROF/PROF/Seminars/> No process is currently running
~/Uni/Teaching/PROF/PROF/Seminars/>

SISABELLE TMP)REFIX/proces513243905329325067755/itreee> ./Simulation
SISABELLE TMP PREFIX/process13243906329326067755/1t ree i ——— 0>

Starting ITree Simulation...
Events: (1) Shine (Set [L1,L2]);
etNewProperState Drive;

(2) SetNewProperState Dark; (3) SetNewProperState Warning;

o~ (Console Output Query Sledgehammer Symbols
80,20 (2061/3110) Input/output complete (isabelle.isabelle,UTF-8-Isabelle)

Purge 7 Continuous checking [ Prover: ready

o

SU0BYL 115 PLIPIS S3UNsaY Yieasiedhl « o




Checking the Specification

File Edit Search Markers Folding View Utilities Macros Plugins Help

BdE o A0 a@® C i & 0 o

= DwarfSignal thy (~/Uni/Teaching/PROF/PROF/Seminars/)

o
§° |definition Init :: "Dwarf subst" where
8 [z defs]:

g "Init =

3 [ last_proper state ~» stopf]

- , turn_off ~ {}

§ , turn_on ~ {}

& , last_state ~» signallLamps stop

= , current_state ~» signalLamps stop

, desired proper state ~+ stop ]"

System

Run %help to view Console pfugin online help.

Errors generated by compilers and some other programs are listed
for easy one-click access in the 'Plugins->Error List->Error List'
window.

~/Uni/Teaching/PROF/PROF/Seminars/> No process is currently running
~/Uni/Teaching/PROF/PROF/Seminars/>

$ISABELLE TMP_PREFIX/process13243906329326067755/itree-simulate10124508/simulate>
$ISABELLE TMP_PREFIX/process13243906329326067755/itree-simulatel0124508/simulate>
Starting ITree Simulation...
Events: (1) Shine (Set [L1,L2]);
SetNewProperState Drive;

3

Internal Activity...
Events: (1) Shine (Set [L1,L2]); (2) TurnOff L2; (3) TurnOn L3;

o~ (Console Output Query Sledgehammer Symbols

69.29 (1810/3110) (isabelle,isabelle,UTF-8-Isabelle)

/Simulatio

-l )

Purge 7 Continuous checking [ Prover: ready

HoL

[Scratch ] [DwarfSignal|

S0RYL M35 PPRPIS SNSY YueasiadAN « o

(2) SetNewProperStatetate Warning; (4)
P —

UG 1ta =



Checking the Specification

File Edit Search Markers Folding View Utilities Macros Plugins Help
Bdo o A00 @ C i & 0 o

= DwarfSignal thy (~/Uni/Teaching/PROF/PROF/Seminars/)

o
§¢ |definition Init :: "Dwarf subst" where
8 [z defs]:

g "Init =

3 [ last_proper state ~» stopl]

- , turn_off ~ {}

§ , turn_on ~ {}

& , last_state ~» signallLamps stop

= , current_state ~» signallLamps stop

, desired proper state ~+ stop ]"

system
for easy one-click access in the 'Plugins->Error List->Error List'
window.

~/Uni/Teaching/PROF/PROF/Seminars/> No process is currently running
~/Uni/Teaching/PROF/PROF/Seminars/>

$ISABELLE TMP_PREFIX/process13243906329326067755/itree-simulate10124508/simulate> ./Simulation

$ISABELLE TMP_PREFIX/process13243906329326067755/itree-simulate10124508/simulate>

Starting ITree Simulation...

Events: (1) Shine (Set [L1,L2]); (2) SetNewProperState Dark; (3) SetNewProperState Warning;
SetNewProperState Drive;

3

Internal Activity...
Events: (1) Shine (Set [L1,L2]); (2) TurnOff L2; (3) T ————

2
Internal Activity...
Events: (1) Shine (Set [L1]); (2) TurnOn L3; I

o~ (Console Output Query Sledgehammer Symbols
69.29 (1810/3110) (isabelle.isabelle,UTF-8-Isabelle)

Purge 7 Continuous checking [ Prover: ready

HoL

[Scratch ] [DwarfSignal|

DwarfSignal

S0RYL 1S PPRPIS SNSY YIeasiadAN « o




Checking the Specification

File Edit Search Markers Folding View Utilities Macros Plugins Help

Bdo S A00 @ C iy & 0 ¢
o ™ DwartSignalhy (~/UniTeaching/PROF/PROF/Seminars/) Purge | 7 Contnuous checking [ Prover: ready o
v woL -
§° |definition Init :: "Dwarf subst" where [Scratch ] [DwarfSignal| 5
# [z_defs]: Dwarfsignal o b
H "Init = g
3 [ last_proper state ~» stopll ";
; , turn_off ~ {} ]
H , turn_on ~ {} H
& , last_state ~» signallLamps stop 2
= , current_state ~» signallLamps stop ;r
, desired proper state ~+ stop ]" ;
g
system - . . 0BT 0% %
$ISABELLE TMP_PREFIX/process13243906329326067755/itree-simulate10124508/simulate> ./Simulation 2

$ISABELLE TMP_PREFIX/process13243906329326067755/itree-simulatel10124508/simulate>

Starting ITree Simulation...

Events: (1) Shine (Set [L1,L2]); (2) SetNewProperState Dark; (3) SetNewProperState Warning; (4)
SetNewProperState Drive;

3

Internal Activity...
Events: (1) Shine (Set [L1,L2]); (2) TurnOff L2; (3) TurnOn L3;

2

Internal Activity...

Events: (1) Shine (Set [L1]); (2) TurnOn L3;
2

Internal Activity...
Events: (1) Shine (Set [L1,L3]); (2) SetNewProperState Dark; (3) SetNewProperState Stop; (4)
SetNewProperState Drive; =

o~ (Console Output Query Sledgehammer Symbols N "
69.29 (1810/3110) (isabelle.isabelle,UTF-8-Isabelle) UG 1ta. —



Checking the Specification

File Edit Search Markers Folding View Utilities Macros Plugins Help
BdE o A00 @ C LY &# 0 ¢

 DwarfSignal.thy (~/Uni/Teaching/PROF/PROF/Seminars/)

- Purge 7 Continuous checking [ Prover: ready o
v HoL -
§ definition Init :: "Dwarf subst" where [Scratch ] [DwarfSignal| 5
% [z defs]: W - 2
£ "Init = g
3 [ last_proper state ~» stopl] £
; , turn off ~ {} é’
g , turn_on ~ {} 7
& , last_state ~» signallLamps stop E
& , current_state ~+ signalLamps stop %
, desired proper state ~+ stop ]" ot

g

sysam &
Starting ITree Simulation... H
Events: (1) Shine (Set [L1,L2]); (2) SetNewProperState Dark; (3) SetNewProperState Warning; (4) 2

SetNewProperState Drive;
3

Internal Activity...
Events: (1) Shine (Set [L1,L2]); (2) TurnOff L2; (3) TurnOn L3;
2

Internal Activity...
Events: (1) Shine (Set [L1]); (2) TurnOn L3;

2

Internal Activity...

Events: (1) Shine (Set [L1,L3]); (2) SetNewProperS(atetate Stop; (4)
SetNewProperState Drive; = —t—1

4

Internal Activity... 1
Events: (1) Shine (Set [L1,L3]); (2) TurnOff L1; (3) TurnOn L2;

o~ (Console Output Query Sledgehammer Symbols
69.29 (1810/3110) (isabelle,isabelle,UTF-8-Isabelle) UG.s1ta —



Checking the Specification

Tue 19 Apr

File Edit Search Markers Folding View Utilities Macros Plugins Help

edo o ~ 00 Al i & 0 ¢
@ " OwarfSignal thy (~/UniTeaching/PROF/PROF Seminars/) Purge 7 Continuous checking [ Prover: ready o
v woL -
§° |definition Init :: "Dwarf subst" where [Scratch ] [Dwarfsignal] 3
ol gete): Dwartsigna
H "Init = 2
3 [ last_proper state ~» stopl] 2
; , turn_off } g
F , turn_on ~ {} g
& , last_state ~» signallLamps stop E
g , current_state ~» signallLamps stop %
, desired proper state ~+ stop ]" =
g
system ] ) * @ OTOY ;
3 §
Internal Activit ]

Yilsls
Events: (1) Shine (Set [L1,L2]); (2) TurnOff L2; (3) TurnOn L3;

2

Internal Activity...

Events: (1) Shine (Set [L1]); (2) TurnOn L3;
2

Internal Activity...

Events: (1) Shine (Set [L1,L3]); (2) SetNewProperState Dark; (3) SetNewProperState Stop; (4)
SetNewProperState Drive;

4

Internal Activity...
Events: (1) Shine (Set [L1,L3]); (2) TurnOff L1; (3) T

2

Internal Activity... 1
Events: (1) Shine (Set [L3]); (2) TurnOn L2;
2
o~ (Console Output Query Sledgehammer Symbols

69,29 (1810/3110) (isabelle isabelle,UTF-8-Isabelle) UGt 1ta =



Checking the Specification

File Edit Search Markers Folding View Utilities Macros Plugins Help

BdE o A00 0@ C i & 0 ¢

= DwarfSignal thy (~/Uni/Teaching/PROF/PROF/Seminars/)

o
§° |definition Init :: "Dwarf subst" where
8 [z defs]:

H "Init =

3 [ last_proper state ~» stopl]

- , turn off ~ {}

§ , turn_on ~ {}

& , last_state ~» signallLamps stop

= , current_state ~+ signalLamps stop

, desired proper state ~+ stop ]"

System

Internal Activity...
Events: (1) Shine (Set [L1]); (2) TurnOn L3;
2

Internal Activity...

Events: (1) Shine (Set [L1,L3]); (2) SetNewProperState Dark; (3) SetNewProperState Stop; (4)
SetNewProperState Drive;

4

Internal Activity...
Events: (1) Shine (Set [L1,L3]); (2) TurnOff L1; (3) TurnOn L2;

2

Internal Activity...

Events: (1) Shine (Set [L3]); (2) TurnOn L2;
2

Internal Activity...
Events: (1) Shine (Set [L3,L2]); (2) SetNewProperState Dark; (3) SetNewProperState Stop; (4)
SetNewProperState Warning;

o~ (Console Output Query Sledgehammer Symbols

69.29 (1810/3110) (isabelle,isabelle,UTF-8-Isabelle)

Purge | Continuous checking [ Prover: ready
HoL
[Scratch ] [Dwarfsignal]

[owarfsignal]

SSUOBL 1035 PDRPIS SUNSIY YpIeasRdAH ¢

UGt 1ta. —




Checking the Specification

File Edit Search Markers Folding View Ut

es Macros Plugins Help

B0 S 150 C I & 0 ¢
 DwarfSignal.thy (~/Uni/Teaching/PROF/PROF/Seminars/) Purge  / Continuous checking [ Prover: ready o
init Init HoL
operations SetNewProperState TurnOn TurnOff Shine [Scratch ] [DwarfSignal]
o

animate DwarfSignal

zexpr NeverShowAll
is "current_state # {L1, L2, L3}"

File Browser Documentation <8

zexpr MaxOneLampChange
is "777"

zexpr ForbidStopToDrive
is "(last_proper state = stop -+ desired proper state # drive)"

SSUOBL 1035 HDRPIS SUNSIY YIeasRdH | «

zexpr DarkOnlyToStop
is #9972

zexpr DarkOnlyFromStop
is "2277

zexpr DwarfReq
is "NeverShowAll A MaxOneLampChange A ForbidStopToDrive A DarkOnlyToStop A DarkOnlyFromStr —

system ol
Internal Activity
Events. (1) Shlne (Set [L1]); (2) TurnOn L3;

G (Console Output Query Sledgehammer Symbols
95,11 (2310/3110) (isabelle.isabelle,UTF-8-isabelle) UG? 1ta =




Checking the Specification

File Edit Search Markers Folding View Ut

es Macros Plugins Help

B0 S L350 @ C ¥ & 0 ¢
 DwarfSignal.thy (~/Uni/Teaching/PROF/PROF/Seminars/) Purge  / Continuous checking [ Prover: ready o
init Init HoL
operations SetNewProperState TurnOn TurnOff Shine [Scratch ] [DwarfSignal]
o

animate DwarfSignal

zexpr NeverShowAll
is "current_state # {L1, L2, L3}"

File Browser Documentation <8

zexpr MaxOneLampChange
is 2902

zexpr ForbidStopToDrive
is "(last_proper state = stop — desired proper state # drive]"

zexpr DarkOnlyToStop

zexpr DarkOnlyFromStop
is Sfeat

zexpr DwarfReq

SSUOBL 1035 HDRPIS SUNSIY YIeasRdH | «

system @
Internal Activity
Events. (1) Shlne (Set [L1]); (2) TurnOn L3;

G~ (Console Output Query Sledgehammer Symbols
89,63 (2240/3110) (isabelle,isabelle,UTF-8-Isabelle) UG.1ta

is "NeverShowAll A MaxOneLampChange A ForbidStopToDrive A DarkOnlyToStop A DarkOnlyFromSte —




Checking the Specification

File Edit Search Markers Folding View Utilities Macros Plugins Help

edE S 'Y o i iy & 0 ¢
 DwarfSigna.thy (-/Uni/Teaching/PROF/PROF/Seminars/) Purge 7 Continuous checking [ Prover: ready
is 2pee®

HoL

| [Dwarfsignal

zexpr ForbidStopToDrive =
is "(last _proper state = stop + desired proper state # drive)"
zexpr DarkOnlyToStop
is 53075

File Browser Documentation « 8

zexpr DarkOnlyFromStop
is 52932

zexpr DwarfReq
is "NeverShowAll A MaxOneLampChange A ForbidStopToDrive A DarkOnlyToStop A DarkOnlyFromStop'

SILOBYL 21035 DRPIS SANSAY YOIeISRAAH « B

zoperation ViolNeverShowAll =
pre "— NeverShowAll'] !

zmachine DwarfSignalTest =
init Init -
operations SetNewProperState TurnOn TurnOff Shine ViolNeverShowAll

olanimate DwarfSignalTest E——

System

Internal Activity...
Events: (1) Shine (Set [L1]); (2) TurnOn L3; o
2

o~ (Console Output Query Sledgehammer Symbols
101,23 (2475/3110) (isabelle isabelle,UTF 8-Isabelle) UG 1t =




Checking the Specification

File Browser Documentation « @

105,24 (2589/3089)

es Macros Plugins Help

edE S ~ 00
 OwarfSigna.thy (-/UniTeaching/PROF/PROF/Seminars/)
zexpr DarkOnlyToStop

is 272792

= Vg & 0 o

zexpr DarkOnlyFromStop
is *rve®

zexpr DwarfReq

zoperation ViolNeverShowAll =
pre " NeverShowAll"

zmachine DwarfSignalTest =
init Init

operations SetNewProperState TurnOn TurnOff Shine ViolNeverShowAll

DwarfSignalTestl]

lemma "Init establishes Dwarf inv"
by zpog full

lemma "TurnOn 1 preserves Dwarf_inv"
by (zpog_full, auto)

system *

Internal Activity...
Events: (1) Shine (Set [L1]); (2) TurnOn L3;
2

o+ (Console Output Query Sledgehammer Symbols

(isabelle,isabelle,UTF-8-isabelle)

is "NeverShowAll A MaxOneLampChange A ForbidStopToDrive A DarkOnlyToStop A DarkOnlyFromStop'

Purge | Continuous checking [ Prover: ready
HoL
[Scratch ] [DwarfSignal|

SSUOBL 1035 DRPIS SUNSIY YIeasRdAH ¢




Checking the Specification

File Edit Search Markers Folding View Utilities Macros Plugins Help

B0 S A00 @ C i & 0 ¢
™ OwarfSignal thy (~/Uni/Teaching/PROF/PROF/Seminars/) Purge  / Continuous checking [ Prover: ready o
zexpr DwarfReq HoL

is "NeverShowAll A MaxOneLampChange A ForbidStopToDrive A DarkOnlyToStop A DarkOnlyFromStop' [Scratch ] [owarfsignal]

zoperation ViolNeverShowAll =
pre "- NeverShowAll"

zmachine DwarfSignalTest =
init Init
operations SetNewProperState TurnOn TurnOff Shine ViolNeverShowAll

File Browser Documentation « @

animate DwarfSignalTestf]

lemma "Init establishes Dwarf_inv"
by zpog full

SU0BYL 115 PIIPIS S3INsaY YoseasiadAl ¢

lemma "TurnOn 1 preserves Dwarf_inv"
by (zpog full, auto)

System » )
$ISABELLE TMP_PREFIX/process13243906329326067755/1tree-simulatel0168136/simulate> ./Simulation o
Process
/tmp/isabelle-simonfoster/process13243906329326067755/itree-simulate10124508/simulate/Simulation
exited with code 834 iegmesmy
$ISABELLE TMP_PREFIX/process13243906329326067755/itree-simulate10168136/simulate> -
Starting ITree Simulation...

Events: (1) Shine (Set [L1,L2]); (2) SetNewProperState Dark; (3) SetNewProperState Warning; (4)
SetNewProperState Drive;

o~ (Console Output Query Sledgehammer Symbols -
105,24 (2589/3089) Input/output complete (isabelle.isabelle,UTF-8-Isabelle) UGS 1ta —




Checking the Specification

File Edit Search Markers Folding View Utilities Macros Plugins Help

eRrE & 150 8 - iy &# 0 ¢
 OwarfSignal thy (~/Uni/Teaching/PROF/PROF/Seminars/) Purge Continuous checking [ Prover: ready
zexpr DwarfReq HoL
is "NeverShowAll A MaxOneLampChange A ForbidStopToDrive A DarkOnlyToStop A DarkOnlyFromStop' [Scratch | [Dwarfsignal]

zoperation ViolNeverShowAll =
pre " NeverShowAll"

zmachine DwarfSignalTest =
init Init
operations SetNewProperState TurnOn TurnOff Shine ViolNeverShowAll

File Browser Documentation <8

animate DwarfSignalTestf]

lemma “Init establishes Dwarf_inv"
by zpog full

S30BUL 21015 POPPIS SUNSIY WieasRdhH « o

lemma "TurnOn 1 preserves Dwarf _inv"
by (zpog full, auto)

System - BT 0%
exited with code 834

$ISABELLE TMP PREFIX/process13243906329326067755/itree-simulatel0168136/simulate>

Starting ITree Simulation...

Events: (1) Shine (Set [L1,L2]); (2) SetNewProperState Dark; (3) SetNewProperState Warning; (4)
SetNewProperState Drive;

4

-

Internal Activity...
Events: (1) Shine (Set [L1,L2]); (2) TurnOff L1; (3) TurnOn L3;

o/~ (Console Output Query Sledgehammer Symbols
105,24 (2589/3089) (isabelle,isabelle,UTF-8-Isabelle) UG 31ta — = —
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le Edit Search Markers Folding View Utilities Macros Plugins Help
BerE & XE0 RE@ C iy & 0 ¢
 Owarfsignalthy (~/UniTeaching/PROF/PROF/Seminars/)
zexpr DwarfReq
is "NeverShowAll A MaxOneLampChange A ForbidStopToDrive A DarkOnlyToStop A DarkOnlyFromStop'

zoperation ViolNeverShowAll =
pre " NeverShowAll"

zmachine DwarfSignalTest =
init Init
operations SetNewProperState TurnOn TurnOff Shine ViolNeverShowAll

animate DwarfSignalTestf]

lemma "Init establishes Dwarf_inv"
by zpog full

lemma "TurnOn 1 preserves Dwarf _inv"
by (zpog full, auto)

sysem » 88T
Eyvents: (1) Shine (Set [L1,L2]); (2) SetNewProperState Dark; (3) SetNewProperState Warning; (4)

Purge 7 Continuous checking [ Prover: ready o

HoL

[Scratch ] [DwarfSignal]

SIUOBL IS DPPIS SINSIY WIeasRdAH | «

SetNewProperState Drive;
4

Internal Activity...
Events: (1) Shine (Set [L1,L2]); (2) TurnOff L1; (3) TurnOn L3;
3

Internal Activity...
Events: (1) ViolNeverShowAll (); (2) Shine (Set [L2,L1,L3]); (3) TurnOff L1;

a - (Console Output Query Sledgehammer Symbols
5,24 (2589/3089) (isabelle,isabelle,UTF-8-isabelle) UG lta




Checking the Specification

File Edit Search Markers Folding View Utilities Macros Plugins Help
edo S 'Y o i iy & 0 ¢

 DwarfSignal.thy (~/Uni/Teaching/PROF/PROF/Seminars/)

& Purge 7 Continuous checking [ Prover: ready o
v HoL -
§ |lemma "(SetNewProperState p) preserves Dwarf_inv" [Scratch | [DwarfSignal 3
% by (zpog full; auto) W %
£ H
2 [lemma "(SetNewProperState p) preserves NeverShowAll" 2
; by zpog full ]
g @
&' [Lemma "(SetNewProperState p) preserves ForbidStopToDrive" 2
] apply zpog full 2
quickcheck 2
oops g
ES
lemma "TurnOn 1 preserves NeverShowAlU'l H
apply zpog_full &
quickcheck
oops
end
sysem + @ BTO%
Events: (1) Shine (Set [L1,L2]); (2) SetNewProperState Dark; (3) SetNewProperState Warning; (4)
SetNewProperState Drive; E——
4
Internal Activity...
Events: (1) Shine (Set [L1,L2]); (2) TurnOff L1; (3) TurnOn L3;
3
Internal Activity... &

Events: (1) ViolNeverShowAll (); (2) Shine (Set [L2,L1,L3]); (3) TurnOff L1;

o~ (Console Output Query Sledgehammer Symbols
127.40 (3046/3089) (isabelle,isabelle,UTF-8-sabelle) UG’ 1ta



Checking the Specification

File Edit Search Markers Folding View Uil
erME o x50 L iy & 0 ¢
 OwarfSigna.thy (-/Uni/Teaching/PROF/PROF/Seminars/)
params l€turn _off
update "[turn off’ = turn_off - {1}

,turn_on” = turn on - {1}

,last_state’ = current_state

,current state’ = current state - {1}]"

es Macros Plugins Help

Hoperation TurnOn =
over Dwarf
params l€turn_on
update "[turn_off’ = turn_off - {1}
,turn on’ turn on - {1}
,last_state’ = current_state
,current_state’ = current_state {13

File Browser Documentation « 8

zoperation Shine =
over Dwarf
params l€"{current state}"

System

Events: (1) Shine (Set [L1,L2]); (2) SetNewProperState Dark; (3) SetNewProperState Warning; (4)“

SetNewProperState Drive;
4

Internal Activity..

Events: (1) Shine (Set [L1,L2]); (2) TurnOff L1; (3) TurnOn L3;
3

Internal Activity...

Purge 7 Continuous checking [ Prover: ready
HoL

[Scratch ] [DwarfSignal

S3U0BUL 21015 POPPIS SUNSIY WieasRdhH « o

Events: (1) ViolNeverShowAll (); (2) Shine (Set [L2,L1,L3]); (3) TurnOff L1;

o~ (Console Output Query Sledgehammer Symbols
54,1 (1442/3089)

(isabelle,isabelle, UTF -8-sabelle) UGy 1ta



Checking the Specification

hines - DwarfSignal thy ]
File Edit Search Markers Folding View Utilities Macros Plugins Help
BdE o Xen . iy & 0 ¢
o ™ Owartsigralthy (-/UniTeaching/PROF/PROF/Seminars/ Purge 7 Continuous checking [ Prover: ready o
s by (zpog full; auto) HOL v
§ v (SetNewp SYRtElR) - SHOWATL [Scratch [Dwarfsignal 5
g emma “(SetNewProperState p) preserves NeverShow : [Dwartsignal 1
H by zpog full EXEE 5
H 3
g s
S |lemma "(SetNewProperState p) preserves ForbidStopToDrive" g
F4 apply zpog full 4
& quickcheck 2
= oops 2
@
lemma "TurnOn 1 preserves NeverShowAlU'J| ¥
apply zpog full &
quickcheck g
oops 2
end
Proofstate / Autoupdate  Update  Search: - 00%
proof (prove)
goal (1 subgoal):
1. {NeverShowAll} TurnOn 1 {NeverShowAll} —
o~ Console Output Query Sledgehammer Symbols I _ il .

127,40 (3046/3089) (isabelle,isabelle,UTF -8-1sabelle) UG’ 1ta



Checking the Specification

File Edit Search Markers Folding View Utilities Macros Plugins Help

BrE S - 00 A i1 & 0 ¢
 OwarfSignal.thy (~/Uni/Teaching/PROF/PROF/Seminars/) Purge  / Continuous checking [ Prover: ready
by (zpog full; auto) oL
[scratch | [Dwarfsignal
lemma " (SetNewProperState p) preserves NeverShowAll"

by zpog full

lemma " (SetNewProperState p) preserves ForbidStopToDrive"
apply zpog full
quickcheck
oops

File Browser Documentation <@

lemma "TurnOn 1 preserves NeverShowAll"
apply zpog fullll
quickcheck
oops

S90BUL 21035 PORPIS SNSaY WieasRdhH « B

end

Proofstate ~ Autoupdate  Update  Search: - 00%
proof (prove)
goal (1 subgoal):
1. Aturn on current state. —
current_state # {L1, L2, L3} = 1 € turn_on = insert 1 current state # {L1, L2, L3

|~ Console Output Query Sledgehammer Symbols
128,18 (3064/3089) (isabelle,isabelle, UTF 8-isabelle) UG“1ta =



Checking the Specification

File Edit Search Markers Folding View Utilities Macros Plugins Help

BrE S - 00 A i1 & 0 ¢
 OwarfSignal.thy (~/Uni/Teaching/PROF/PROF/Seminars/) Purge  / Continuous checking [ Prover: ready
by (zpog_full; auto) oL
[scratch | [Dwarfsignal
lemma " (SetNewProperState p) preserves NeverShowAll"

by zpog full

lemma " (SetNewProperState p) preserves ForbidStopToDrive"
apply zpog full
quickcheck
oops

File Browser Documentation <@

lemma "TurnOn 1 preserves NeverShowAll"
apply zpog full
quicficheck
oops

S90BUL 21035 PORPIS SNSaY WieasRdhH « B

end

Proof state 7 Auto update  Update  Search: - 00%

Testing conjecture with Quickcheck-exhaustive...
Quickcheck found a counterexample:

current _state = {L2, L1} —
1=13
turn_on = {L3}

|~ Console Output Query Sledgehammer Symbols
1297 (3071/3089) (isabelle,isabelle, UTF 8-isabelle) UG~ 1ta - p—




Checking the Specification

File Edit Search Markers Folding View Utilities Macros Plugins Help

B3O S - 00 A i1 & 0 ¢
 DwarfSigna.thy (-/Uni/Teaching/PROF/PROF/Seminars/) Purge 7 Continuous checking | Prover: ready o
zoperation TurnOff HoL
over DW:": - [Scratch [DwarfSignal
params l€turn_o

update "[turn_off’ = turn_off - {1}
,turn_on’ turn on - {1}
,last_state’ = current_state
,current_state’ = current_state - {1}]"

File Browser Documentation <@

zoperation TurnOn =
over Dwarf
params leturn_onf !
update "[turn_off’ = turn_off - {1}
,turn on” = turn on - {1}
,last_state’ = current_state
,current_state’ = current_state {1"

$30BYL 1015 HPPPIS SNSAY WieasRdAH ¢

zopoeration Shine =

Proof state 7 Auto update  Update  Search: - 0%

a/+ Console Output Query Sledgehammer Symbols
56.19 (1493/3089) (isabelle,isabelle, UTF 8-isabelle) UG i1ta -



Checking the Specification

hines - Dwarfsignal.thy )
File Edit Search Markers Folding View Utilities Macros Plugins Help
BdE o Xea 3 - 1y Q ¢
@ " OwarfSigna thy (~/Uni/Teaching/PROF/PROF Seminars/) Purge 7 Continuous checking [ Prover: ready o
- |zoperation TurnOff = prozeg v
§ | over bwarf B [owariona 3
g params leturn off [Owarfsignal] 3
H update "[turn_off’ = turn_off - {1} = g
3 ,turn_on’ = turn on - {1} 4
S ,last_state’ = current_state 2
$ ,current_state’ = current_state - {1}]" 7
2 2
2. |zoperation TurnOn = 2
over Dwarf &
params l€turn on g
pre "turn_off = {}| Fl
update "[turn_off’ = turn_off - {1} g
,turn on” = turn on - {1} 2
,last_state’ = current_state
,current_state’ = current_state {"
Proofstate / Autoupdate  Update  Search: - 00%
@+ Console Output Query Sledgehammer Symbols o
57.22 (1515/3111) (isabelle isabelle UTF-8-isabelle) UGy 1ta =



Checking the Specification

hines - Dwarfsignal.thy )
File Edit Search Markers Folding View Utilities Macros Plugins Help
B0 & '3 [w] : - i & O ¢
 OwarfSignal.thy (~/Uni/Teaching/PROF/PROF/Seminars/) Purge 7 Continuous checking [ Prover: ready
is S3732 HoL
[scratch | [Dwarfsignal
zexpr DwarfReq 1
pwarf{ignal

is "NeverShowAll A MaxOneLampChange A ForbidStopToDrive A DarkOnlyToStop A DarkOnlyFromStop'

zoperation ViolNeverShowAll =
pre "- NeverShowAll"

File Browser Documentation <@

zmachine DwarfSignalTest =
init Init
operations SetNewProperState TurnOn TurnOff Shine ViolNeverShowAll

animate DwarfSignalTest

SSUOBL 1035 PORPIS SUNSIY UpieasRdhH « o

lemma "Init establishes Dwarf inv"
by zpog full I

Proof state 7 Auto update Update  Search - 00%

a/+ Console Output Query Sledgehammer Symbols
57.22 (1515/3111) (isabelle.isabelle,UTF-8-Isabelle) UGs 1ta



Checking the Specification

File Edit Search Markers Folding View Utilities Macros Plugins Help

BdE o A50 @ C i & 0 ¢
 OwarfSignal thy (~/Uni/Teaching/PROF/PROF/Seminars/) Purge  / Continuous checking [ Prover: ready o
is ®ree2

HoL
[Scratch ] [Dwarfsi

zexpr DwarfReq =
is "NeverShowAll A MaxOneLampChange A ForbidStopToDrive A DarkOnlyToStop A DarkOnlyFromStop'

zoperation ViolNeverShowAll =
pre "- NeverShowAll"

File Browser Documentation < @

zmachine DwarfSignalTest =
init Init
operations SetNewProperState TurnOn TurnOff Shine ViolNeverShowAll

animate DwarfSignalTestf]

SU0RYL 1S PIIPIS S3UNsaY YseasiadAN ¢

lemma "Init establishes Dwarf_inv"
by zpog full

System 2O O

$ISABELLE TMP_PREFIX/process13243906329326067755/itree-simulate10225630/simulate> ./Simulation
Process
/tmp/isabelle-simonfoster/process13243906329326067755/itree-simulate10168136/simulate/Simulation
exited with code 834 1

$ISABELLE TMP_PREFIX/process13243906329326067755/itree-simulate10225630/simulate>

Starting ITree Simulation... 2 g=e
Events: (1) Shine (Set [L1,L2]); (2) SetNewProperState Dark; (3) SetNewProperState Warning; (4) = R
SetNewProperState Drive;

E “« P » o=@
o+ (Console Output Query Sledgehammer Symbols ——————————_

106,24 (2611/3111) Input/output complete (isabelle,isabelle,UTF-8-Isabelle) UG.1ta —




Checking the Specification

File Edit Search Markers Folding View Utilities Macros Plugins Help

BRrE S A0 @ C iy & 0 ¢
 Owarfsignal.thy (~/Uni/Teaching/PROF/PROF/Seminars/)
is =9e7=

zexpr DwarfReq

zoperation ViolNeverShowAll =
pre "- NeverShowAll"

File Browser Documentation « @

zmachine DwarfSignalTest =
init Init
operations SetNewProperState TurnOn TurnOff Shine ViolNeverShowAll

animate DwarfSignalTestf]

lemma "Init establishes Dwarf_inv"
by zpog full

system r
/tmp/isabelle-simonfoster/process13243906329326067755/itree-simulatel0168136/simulate/Simulation
exited with code 834

$ISABELLE TMP_PREFIX/process13243906329326067755/itree-simulate10225630/simulate>

is "NeverShowAll A MaxOneLampChange A ForbidStopToDrive A DarkOnlyToStop A DarkOnlyFromStop'

Purge 7 Continuous checking [ Prover: ready o

HoL
[Scratch ] [DwarfSignal|

DwarfSignal

S90BUL 21015 PORPIS SUNSY YpIeasRdH ¢

Starting ITree Simulation...

Events: (1) Shine (Set [L1,L2]); (2); SetNewProperState Dark; (3) SetNewProperState Warning; (4)
SetNewProperState Drive;

3

Internal Activity...
Events: (1) Shine (Set [L1,L2]); (2) TurnOff L2;

o~ (Console Output Query Sledgehammer Symbols
106,24 (2611/3111) (isabelle,isabelle,UTF-8-Isabelle) UG’ 1ta



Checking the Specification

File Edit Search Markers Folding View Utilities Macros Plugins Help

BdE o A00 0@ C i & 0 ¢
 OwarfSignalthy (~/UnuTeaching/PROF/PROF Seminars/) purge
is 2722

HoL

is "NeverShowAll A MaxOneLampChange A ForbidStopToDrive A DarkOnlyToStop A DarkOnlyFromStop'

zoperation ViolNeverShowAll =
pre " NeverShowAll"

File Browser Documentation < @

zmachine DwarfSignalTest =
init Init
operations SetNewProperState TurnOn TurnOff Shine ViolNeverShowAll

animate DwarfSignalTestf]

lemma "Init establishes Dwarf_inv"
by zpog full

e SEREES S SRR R < =BTOL
Starting ITree Simulation.
Events: (1) Shine (Set [L1,L2]); (2) SetNewProperState Dark; (3) SetNewProperState Warning; (4)

[Scratch ] [DwarfSignal]

zexpr DwarfReq DwarfSignal

Continuous checking [ Prover: ready o

SSUOBL 1015 PDRPIS SUNSIY YpIeasRdAH | «

SetNewProperState Drive;
3

Internal Activity... 1
Events: (1) Shine (Set [L1,L2]); (2) TurnOff L2;

2
Internal Activity...
Events: (1) Shine (Set [L1]); (2) TurnOn L3;

o~ (Console Output Query Sledgehammer Symbols
106,24 (2611/3111) Input/output complete (isabelle.isabelle,UTF-8-Isabelle) UGt 1ta
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@ Types, stores, and state variables.

@ Operations and machines.

@ Animation and verification.

@ Managing requirements.



	Modelling Z Specifications with Z Machines
	Types, Stores, and State Variables
	Operations and Machines
	Animation and Verification
	Managing Requirements

