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— finite state machines, labelled transition
systems, Petri nets, vector addition
systems, timed automata, hybrid
automata, process algebra$s

« BRI FL B iFH1TI8 WEFIIERA
- Bita: FERAERNLGE#ITHRIE
—#EERGERA: A->a? If not, counterexample
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« —RRW, PRINREGEANRTE. A
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« AME I UEIESE
— ERE M (Model Checker)
o A RNRSFRENTN, BEXNAERSHMEIER
FFIEF KL B R THE
— SREEEE (Deductive Verification)

o BFEHSMMR H—RINIFEIET], FREMEARAEIEIZEE
’7 & a8 ETEIERA 28 (theorem provers)El SMT3K fi# 28 S5 i3
—  ITEZHEIE, NmFEEERTAER
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. {E&!(Model)
- RHRGMRER, —REARRSH

« B (Property)
— R B L (Specification)

Tode
(System Abstractions/

(0

Answer:

Requirements)

Model Yes, if model satisfies

specification

Checker
pecification ME @ Counterexample, otherwise

J
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. & BMSafety Properties

— Invariants, deadlocks, reachability, etc.
 |nvariants: “x is always less than 10”

» Deadlock freedom: “the system never reaches a state where
Nno moves are possible”

— “something bad never happens”

e JEMERMLiveness Properties

— Termination, response, etc.
« Termination: “the system eventually terminates”

» Response properties: “if action X occurs then eventually
action Y will occur”

- — “something good will eventually happen”



=SB RKfHlF(Mutual Exclusion)

odel
(System Requirements)

The Model (Willem Visser, http://ase.arc.nasa.gov/visser/ASE2002TutSoftwareMC-fonts.ppt)

» Two process mutual exclusion with shared semaphore
 Each process has three states
» Non-critical (N)
* Trying (T)
e Critical (C)
« Semaphore can be available (S,) or taken (S,)
* Initially both processes are in the Non-critical state and
the semaphore is available --- N; N, S,

N, —> T, N, - T,
T,ASy— Cl/\S H Tz/\SO—> CZ/\S
C, —> N A S, C, —> Ny,A S,



=SB RKfHlF(Mutual Exclusion)

(

System Requirements)

The Model (Willem Visser, http://ase.arc.nasa.gov/visser/ASE2002TutSoftwareMC-fonts.ppt)

eInitially both processes are in the Non-critical state and the semaphore is available --- N; N, S,
N, —> T, N, —> T,

TiAnSy;—> C A S, H T,AS;—> C,A S,
C, —> Ny A S, C, —> Ny,A S,




ESERHIF(Mutual Exclusion)

pecification

Specification — Desirable Property

there IS

always a way to get to the initial state

State Machine |= EF (N;AN,AS)

CTL (Computation Tree Logic)

« Quantifiers over paths
» A @ — All: @ has to hold on all paths starting from the current state.
« E @ — Exists: there exists at least one path starting from the current state where ¢ holds.
« Path-specific quantifiers
« X @ — Next: ¢ has to hold at the next state (this operator is sometimes noted N instead of X).
* G @ - Globally: ¢ has to hold on the entire subsequent path.

« F ¢ —Finally: ¢ eventually has to hold (somewhere on the subsequent path).
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Model Answer: Yes
Checker

pecification 0 J
(System Property) ~
9
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Answer: Yes
A Proof: ForAll possible behaviors

Lawrence Chung

10
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S ERHIF(Mutual Exclusion)
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Specification — Desirable Property

there Is
NO way to get to the initial state

7 |M EAGEF (N, AN,AS)




55 ERHIF(Mutual Exclusion)
9
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« Kripke Structures

Let AP be a set of labels — i.e., a set of atomic propositions such
as Boolean expressions over variables, constants, and predicate
symbols.

A Kripke structure is a 4-tuple, M = (5,1, R, L):
» a finite set of states, S,
» a set of initial states, /| C 5,

» a transition relation, R € S x § where
Vs € §,3s’ € S such that (s,s") € R,

» a labeling function, L, from states to the power set of atomic
propositions, L : § — 24P,
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Kripke Structures{jllF

S = {s0,51,%,53}
I ={so}

R = {{s0, s1}
{s0, %}

{s1, s}
{51: 53}
{s2, so0} I

{52? 53}
{s3, so}}

L= {{s0, {p}}
{s1, {p,q}}
{s2, {p,r}}
{s3, {vit}

HiEIEE . 16
O0000O0 e e~ o o



2 InsStitute o vYance DI'I'IFIJT.II'IK ecnnoilo prié .. _.'. .
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. H‘J‘l’" 1Z 38 (Temporal Logic)
fiA =R R

- “Always” , “Eventually”
‘sLinear Time *»Branching Time
— Every moment has a unique — Every moment has several
successor successors
— Infinite sequences (words) — Infinite tree
— Linear Time Temporal Logic — Computation Tree Logic (CTL)

(LTL)
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RS T R TLAS

« TLA(Temporal Logic of Actions)

- —MFHRL TLZERIMSE(Specification)
« TLA+: ATLA IDE Model Checking Tool
- RN TR
- AIEMRTSHL AIsR SRy B
- TEFIEEEIERMYERTAE; WA, NEz%SEH

4}
- BIRERFELamportigit
* EW

https://lamport.azurewebsites.net/tla/tla.htmi
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TLA+BIF(1)

* Die Hard Problem
- BEKE: 3 gallons, 5 gallons
- — IR SLAT A 7K
- 7K EE AT LASERE7K
- 7K TE Z 18] °] LA{i 87k

- Bl RAftARZEESRKKEEFANF4S
gallons7k? AI{TIE?
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TLA+BIF2)

c 1RE: RESHEN

e Actions

- IKTB

- IKREEZE

7K

- IKTE[E]{

7K

23

VARIABLES small, big

Init == /A big =0 /\ small = @
FillSmall == /\ small' = 3 /\ big’ = big
FillBig == /\ big’ =5 /\ small' = small
EmptySmall == /\ small' = @ /\ big’ = big
EmptyBig == /\ big’ =8 /\ small' = small
SmallToBig == IF big + small =< 5
THEN /\ big' = big + small
/N small® =@
ELSE /\ big' =5
S\ small® = small - (5 - big)
BigToSmall == IF big + small =< 3
THEN /\ big' =0
S\ small® = big + small
ELSE /\ big' = small - (3 - big)
/N small' = 3
Mext == \/ FillSmall
v/ FillBig
Y/ EmptySmall
\/ EmptyBig
Y/ SmallToBig
\/ BigToSmall
e ————
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TLA+5IF(3)
- EXJBM: Big4 == big /=4

— bigEBalwaysT~FF4

- TLA+EThIEEBi g4/E 1%
-MMAR, RIBARFEE—MEERESKKERKE S
- BN, HH—MhERESbig=4
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4 Y/

TLA Module | - N
A VARIABLES small, big - Invariant Big4 is violated.
5
6 TypeOK == /\ small \in @..3 =
7 /\ big \in @..5
8
9 Big4 == big /= 4 4 3
10
11 Init == /\ big =0 /\ small = @ Error-Trace Exploration
12
Error-Trace
13 FillSmall == /\ small' = 3 /\ big"’ = big
14 Name Value |
ig FillBig == /\ big’ =5 /\ small' = small g small 0
17 EmptySmall == /\ small’ = @ /\ big’ - big 4 a <Action line 27, col 15 to line 31, col 33 o State (num = 3)
18 = = big 2
19 EmptyBig == /\ big’ =8 /\ small' = small @ small & —
20 4 a <Actionline 17, col 15 to line 17, col 43 o State (num = 4)
21 SmallToBig == IF big + small =< 5 @ big 2
22 THEN /\ big"’ . = big + small & small 0
ij ELSE R ZT;}I i g 4 a <Action line 27, col 15 to line 31, col 33 o State (num = 5)
25 /\ small’ = small - (5 - big) = big 0
26 = small 2 =
27 BigToSmall == IF big + small =< 3 4 & <Action line 15, col 12 to line 15, col 42 o State (num = &)
28 THEN /\ big"’ =0 = big 5
29 /\ small’ = big + small | 2 small 2
32 ELSE ﬁt blgll' = ;mall - (3 - big) 4 & <Action line 27, col 15 to line 31, col 33 o State (num = 7)
5 smazis = & big 4
33 Next == \/ FillSmall @ small 3 i
34 \/ FillBig N
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- HETHR
~ SPIN: LTL

— LTSmin: LTL, CTL*(CTL extension)
- ArEE
https://en.wikipedia.org/wiki/List_of model check
___ing_tools
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« EHIERAAETE

- WiHRE . MNRESERE P
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- BERAUE R : AEFRIEAURR
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_____________________________________________

_______________________________

Actual requirements

S £

_______________________________

Formal specification

1

Design model

R -

_______________________________

Actual system

_____________________________________________

_______________________________
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« BIBTIE
— RNZE(#R /RS, Proposition Logic)) PL
— —MriZ3E (First-order Logic) FOL
— EMriZ38(High-order Logic) HOL
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« [RFREp,
* AN pV-p, ~(pAg)e-pV-q

o IERREIER A e M CIRE(SAT)
— B—MEIERARINPIT £ (o)
— BRAEP=NP, AEELMERBINEIRSIE
- LREE: BB
— Davis-Putnam-Loveland-Logemann (DPLL)
_— Stalmarck’s method




- WEMRH: x, vy, f(X)
s EARAN: x+1 <2y, R(f(X),y)
« Eid: vx3y(f(x))
o JERR IS 2R FOLLEIE o) &5
_ RAIHIREEE, LA
- REEVER) , FEEZERZEIE; AR, 7IgE—
ER =8l
—- AN EEBVHEIEE L

» ZERBAN—HIZE: FERIWIERESMT
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- E—knZiEEM E, ERA{ER TR
R :
— VP. P(O)A(Vn. P(n)=P(n+ 1))=Vn. P(n)
- BRAY: FEWTHZE B R4S
- JEFREFZRHOLIEE o)
- EEAREMHIER
- NREBMHENERE
- XEEIFN—MIZE: HFEAYEIMEEEASMT




— CoCHAHTF

%iiﬂlﬁ(Type Th eory)

- KEIHIP
- —MERARSG: SIFRBLEISE FRRE

BRI FE: Calculus of (inductive) constructions
(CoC, CIC), Bfltyped lambda calculus

« HOLBEIRT{ER i8Rk
~ WEER A RS H2E

IR HOL

o —fINK, CoCHIHOLMFRIZRENEARE, fEL

PrfsE

] EA ™

wX5




GHTEAREER

- HOLEZFOLAGFERIBEZHEET A
- ELZAR: RAEP=NP, A EELKMENE NS *
— FOL : a$IE
— HOL: EZAB¥¥IE

o ZZHHIEHEIUERA(Interactive Theorem

Prover)

— ATHBIR 7 SN TIR R HE TR
— fEZ A H B ANREE A T ]
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« CogI H:

https://coqg.inria.fr/

- EFCoC, TTRATFHIAHOLFTyped R IiE

« HOLT B.:

— fEaiRHOL

https://hol-theorem-prover.org/

e |sabelleLE: https://isabelle.in.tum.de/

— fEaiRHOL

- IERS

.WE%% A E—HEZNER

- FEEA

TR

—%Eknﬁﬁﬂ$ﬁ
« FEN: itgE BEhLEY, EFEB3IL
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Coq L EfHl+F(1)
e PeanoEANBRS: REzZLLAE

— 01Is a natural number.

— For every natural number n, (S n) is a natural
number.

File Edit View Navigation Try Tactics ]
HX T2 TFTLPO >0
iiEmﬂnmel

0is 0

1is(S0)=(1+0)

2is (S (S 0)) = (1+ (1 + 0))
3is(S(5E0)=(1+(1+(1+0)))

Inductive nat : Set :=
| 0 : nat
| § : nat -> nat.
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Coq L EfIF(2)
ENXEARMZE BYAE N B

Fixpoint plus (n m:nat) : nat :=
match n with

| 0 ==m
| Sp==5S (p +m)
end
where "n + m" := (plus n m) : nat scope.

* 243=7? $1_5715|’Eﬂ1_*£ :

(Plus (5 (5 0)) (S (S (SO
= (S(Plus(SO)SSESONM
= (S(S(plusO(S(S(SONMN
= (SEEEE
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Coq TR HIF(3)

- EXEEZNUERA

chqlde e o S .
File Edit View Navigation Try Tactics Templates Queries Tools Compile Windows H

EX T LELPO 0
E]Emnnmel

Inductive nat : Set :=
| 0 : nat
| §: nat -= nat.

1 subgoal
Fixpoint plus (n m:nat) : nat := (1/1)
match n with S(S(S(S(50))))=S (5 (5 (5 (50))))
| 0 =>m
| Sp==5S (p+m)
end
where "n + m" := (plus n m) : nat scope.

Theorem plus 2 3 : (S (S0)) + (S (S (50))) =(5(5(5 (5 (50))))).
Proof.

simpl.

exact (eq_refl 5).
Qed
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Hib53E: Petri Nets

e Petri Net:

— a collection of directed arcs connecting
places(EEFr) and transitions(Z5iT)

— Places may hold tokens

T8
Pl @ P (1]
T P4
P P& 7
@ P1 Place with token 2 0
T3 T4 15
Arcyithoapacity 12 conict L 1] T8
CONCLITERCY 1
PS .

T1 Transition

Ti4 Ts T16
P2 Place
@m 2 @pq:] s =[]
P4
™ Tz T3 Ti& T3
T ——————
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‘HEHRSS

—ANCore BPMN Modelg—1T—3t2HCBM= (
Q:FM) ’ ﬂ‘l’:

QR#ZILBPMNRIECBPHIES

M BARIEZERE R fmessage FlowlI&E &
—/NCore BPMN Processm—

T) EJ G.’ F)

L 7t2R CBP=(0O,

BPMN Model
BPMN Process Message flow
Sequence E t Gatew Activit
Flow v Y crvity
AN
Start End or ‘oin Sub—
Event Event J process
Intermediate
Event decision mer
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start

event intermediate

end

task

fork

O
O
O
()
—b
GAWRY i <P 20
—%
R

decision

merge
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