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— finite state machines, labelled transition
systems, Petri nets, vector addition
systems, timed automata, hybrid
automata, process algebra¥
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- MMERENLEIESE

— EBE M (Model Checker)
o Bk ARSIIRSHNZEN, BEXNABRSHKERRE
eI KL B4 = i T
— SREZHETE(Deductive Verification)

s BREXMEERA—RIIZEEER, KEMERAEEIZEIE
’7 & 518 P EIEIERA 28 (theorem provers)Ei SMT 3K i85
——  (TESGHEE, NMAEEREAE
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E’IE(Property)
— e LI Z)(Specification)

odel
(System Abstractions/

Requirements)

Model

Checker

pecification ME: @
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Answer:

Yes, if model satisfies
specification

Counterexample, otherwise

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

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

— “something bad never happens”

« JEHET%Liveness 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”
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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
e Non-critical (N)
e Trying (T)
e Critical (C)
e Semaphore can be available (Sy) or taken (S;)
* Initially both processes are in the Non-critical state and
the semaphore is available --- N; N, S,

N, — T, N, — T,
Tl/\SO—) Cl/\Sl || TZ/\SO_) CZ/\SI
Cl —> Nl/\ SO C2 —> N2/\ SO
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odel

(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 --- Ny N, S,

N, — T, N, — T,
Tl/\SO—) Cl/\Sl || TZ/\SO_) CZ/\SI
Cl —> Nl/\ SO C2 —> N2/\ SO
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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

o A ¢ - All: ¢ has to hold on all paths starting from the current state.

o 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).
o 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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Answer: Yes

Checker
pecification

¢
(System Property) /
L ST 9
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Answer: Yes
A Proof: ForAll possible behaviors

Lawrence Chung

10
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Specification — Desirable Property

there is
no way to get to the initial state

7 |M EAGEF (N, AN, AS)
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Answer: No

Counterexample
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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 S,

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

» a labeling function, L, from states to the power set of atomic
propositions, L : S — 24P,
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Kripke Structuresfjl+

S = {507 51, 52, 53}

I = {so}

RZ{{SQ, S]_} \ s 0 s_1
{s0, s}

{s1, s}
{51) 53}
{s2, so}
{s2, s3}
{s3, so}}

L={{s0, {p}} ° 0
{517 {qu}} s 2 s 3
{s2, {p,r}}

{s3, {v}}}

_ 16
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- It F1Z %8 (Temporal Logic)
- iR EHRE R

~ “Always” , *“Eventually”

‘*Linear 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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FERGMAEF T R: TLA+

* TLA(Temporal Logic of Actions)

- — R LTLIS (AR T (Specification)
« TLA+: ATLA IDE Model Checking Tool
- FERENT R
- AEN RSN ATHEARFIRERE M
- AT EHERISER MR EANE; WAR, NEzmisd

5 51
- BlR &3 15& Lamportigit
« £0:

https://lamport.azurewebsites.net/tla/tla.htmi
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TLA+{I-F(1)

e Die Hard Problem
- F@KE: 3 gallons, 5 gallons
- — IR ST EAH 7K

- FKEE AT LA

K

- 7kFE 2 [6] AT LRk

- [BJER: XK

T AT EERRIKEE

\

B 5 H{XNB4

gallons7k? AJ{THL?
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TLA+%1+F(2)

VARIABLES small, big

. 'H';I:U R ‘j‘t\*)-l,i 1 Init == /\ big =0 /\ small =0
Ig%— . IJ:"-' >( Fillsmall == /\ small’ = 3 /\ big’' = big
FillBig == /\ big’ =5 /\ small’' = small
EmptySmall == /\ small' = @ /\ big’ = big
¢ ACtlons EmptyBig == /\ big" =0 /\ small' = small
—— N SmallToBig == IF big + small =< 5
- 7}(3]2%/]1%7}( THEN /\ big' = big + small
/\ small’' =0
=5

— 7}(3*]21&“2\. ELSE Q t;:lgil'
- 7}(3*]2 I‘Ejﬁu7k BigToSmall == IF big + small =

small - (5 - big)

< 3
THEN /\ big' =0
/\ small® = big + small
ELSE /\ big’ = small - (3 - big)
/\ small’ = 3

Next == \/ FillSmall
\/ FillBig
\/ EmptySmall
\/ EmptyBig
\/ SmallToBig
\/ BigToSmall
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TLA+%1+(3)

- EX B : Big4 == big /=4
— bigZEEalwaysf & T4

- TLA+EZ)5EUEBi g4/R 1%
-WAR, RIARGFE—MAAEER/SAKES

- BN, {H—HERESbig=4

K E 94
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TLA+%1+(4)

wrnrnxx ¢ HIFHBRARHA R 7
/m.‘ |

TLA Module| -

:1 VARIABLES small, big - Invariant Big4 is violated.

5

6 TypeOK == /\ small \in 0..3 m

7 /\ big \in @..5

8

9 Blg4 == blg /= 4 < »
11 Init == /\ big =0 /\ small = 0@ Error-Trace Exploration

12

Error-Trace

13 FillSmall == /\ small’' = 3 /\ big’ = big

14 n ‘ Name Value “
12 FillBig == /\ big =5 /\ small' = small a 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' =0 /\ small' = small @ small 3 -
20 4 a <Action line 17, col 15 to line 17, col 43 o State (num = 4)

21 SmallToBig == IF big + small =< 5 = big 2

22 THEN /\ bigil' = big + small & small 0

;i ELSE R ts)';g, f g 4 a <Action line 27, col 15 to line 31, col 33 o State (num = 5)

25 /\ small’ = small - (5 - big) = big -

26 @ small 2 o
27 BigToSmall == IF big + small =< 3 4 & <Action line 15, col 12 to line 15, col 42 o State (num = 6)

28 THEN /\ big’ =0 = big 5

29 /\ small' = big + small n & small 2

32 ELSE /\ blgi]" = ;mall - (3 - big) 4 a <Action line 27, col 15 to line 31, col 33 o State (num = 7)

i /\ small® = & big 4

33 Next == \/ Fillsmall " small 3 B
34 \/ FillBig 7]

000000 e
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- BENRKESH
E?%ﬁ ILTLFICTLAYIE X
- BRIk EEE

- HETH
— SPIN : LTL
— LTSmin : LTL, CTL*(CTL extension)
- RFES
https://en.wikipedia.org/wiki/List_of model check
___ing_tools

AL
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. EIEUEABFNHETR

— WIHRE . ME S A

Kbk

— ERUERMY): EXERPIERNUTR

— JEAA: ﬁlﬂ‘ﬁiﬂsﬁf

ARAUBRILY

............................................................................

Actual requirements

Formal specification

1

Design model

Actual system

............................................................................
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« BEAE
— WRLIZ R (R /R{XH, Proposition Logic)) PL
— —MriZ%4E (First-order Logic) FOL
— =MiZ% e (High-order Logic) HOL

» RRUBSWRALNEE, FE0IERITIE
UM
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- J[RFfpRip, q
» RN VP, T(PAQG)eTpVIq

» HEFREIE R AT E £ B/ (SAT)
— E— 1 HIERARINPST 2 8]/
— BXAEP=NP, NN EFHEZLMEIHERGIE
- SKPREE: BB
— Davis-Putnam-Loveland-Logemann (DPLL)
_— Stalmarck’s method
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—MriZ%

- TEFMRE: x, vy, f(x)
- EARAR: x+1 <2y, R(f(x),y)
« E17: vx3ay(f(x))
» JEARISFE —FOLIEIE o) 25
— FEHEEIRE, $AHE

- REEIEE) , FEFEZERETEIUE; HR, FTRE—
BEit®E =7k

- T HEEBHHBIEE X
- EHERN—MIZIE: FAEEMEEIEEASMT
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me“ﬁﬁ:
- E—HBEERMLE, BATERTEDRN

BRI
— VP. P(O)A(Vn. P(n)=P(n+ 1))=Vn. P(n)
- BAY: BT MiZEAE RS
- JEFRIE 12 R HOLIEE B 7%
- EEFABFAFIER
- NEEBMRIIER A
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KA iP(Type Theory)

- AVIHP
- —MEX RS BIEEBLIA KB FRIRE

- BLRIX 3R : Calculus of (inductive) constructions
(CoC, CIC) , Blityped lambda calculus

- HOLBYE IR A{ER T8 1RA K ¥
— AIEERLB UK SHM B
— CoCHAHTHtHOL

o —IAN, CoCHHOLMIFRIXBENEARSR, 1ESE
PREERA EA AR
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- HOLE ZFOLAFEAH BahHE

2T H

- fRlIZAE: BRIEP=NP, FEELIERNBENMERGE

— FOL: 31 E
— HOL: EZABEAHIE

« 32 H A\ HIEIEIERA(Interactive Theorem

Prover)

— ALHBIR A N T IR R HEE
- EZ AR ARYREEIERATR
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° COQIE\-:

- ZTCoC,

- HOLI H.:

— $#RxHOL

\.

xﬁﬁiﬂﬁmia

https://coq.inria.fr/
Al i FiidHOLFI Ty ped & ¥\ 4w iz

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

 Isabelle _& : https://isabelle.in.tum.de/

— $#RxHOL

- BfERS

JHYIERA RS,

- BEATHITERKL
- BEEANTXZEMNF

o JREM|: JLEENSE

T R— A 5

LRy, FEEIL
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— 0 is a natural number.

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

"~ Coqlde

File Edit View Navigation Try Tactics ]
EX DT LLPO >0
CDExanuﬂe|

H

0is0
1is(S0)=(1+0)

2is (S (S 0)) = (1+ (1 + 0))
3is(S(SES0)=(1+(1+(1+0)

Inductive nat : Set :=
| 0 : nat
| S : nat -> nat.
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« BEXEARME JBVAE X R

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

| 0 ==m
| Sp=>S (p+m)
end
where "n + m" := (plus n m) : nat_scope.

« 2+43=? FENHEIRITIE:

(Plus (S(SO)(S(S (SO
(S (plus (S O) (S (S (SONN
(S(S(plus O (S(S(SOMN
(S EEEM)
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"~ Coqglde i A —— _
File Edit View Navigation Try Tactics Templates Queries Tools Compile Windows H

EX DT LLPOE> 0

Eﬂiﬁﬂndel

Inductive nat : Set :=

| 0 : nat

| S : nat -> nat.

Theorem plus 2 3 : (S (S 0)) + (S (S (50))) =(S(S(S(S(50))))).
Proof.

simpl.

exact (eq_refl 5).

Qed

\ ZEE an amm o

1 subgoal
Fixpoint plus (n m:nat) : nat := (1/1)
match n with S(S(S(S(50))))=S(S(S(S(S0))))
| 0 =>m
| Sp=>S (p+m)
end
where "n + m" := (plus n m) : nat_scope.
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Hib753%E: Petri Nets

 Petri Net:

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

— Places may hold tokens

6
™ P4
PS5 P6 e7
@ P1 Place with token P2 110
T3 T4 15
Arcwithcapacity1 L conflict v e ™
concurrency 1
T1 Transition P3 -
nnnnnnnnnnn on

T4 s T16
P2 Place
@m 2 ®p13 P15 P16
P14
_— ™ T12 3 | T8 T19
7
T —
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HEARF A ERIZFFEEBPMNIR R
—“4Core BPMN ModelZ2— 1 _JtHCBM= (
Q,FfFM) , Hrh:
QR#%Z%UBPMNRIZECBPHIES
=tz Z [BIHH B tmessage FlowHIES
—A>Core BPMN Processi— " FLJt4H CBP=(O,

J E BPIVWN Nodel
J b | GJ ] )
BPN Process Message fl ow
Sequence .
A ow Event Gat evay Activity
i T?ﬁ
Start Bnd . Sub-
Event Event fork join Task pr ocess
I nt er nedi ate
Event deci si on nerge




BPMNZ2Petri nethR &}

start O Q=
event Intermediate @ O
end O O—1 1O
task () (O—
fork ‘<_|§: & /.
gateway .
join E|->—> Q)j—
decision —»<gg Q€
merge §§>_. 8:S>j:j;
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