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Remarks
e Parameterized System

e unbounded number of components

o Parameterized Verification: verify correctness

regardless of number of components

e Motivation: ubiquitous
¢ unbounded number of processes
e unbounded data structures
e unbounded number of variables




Parameterizes ~
" Unbounded

Number of
Processes




- Parameterized—

,//

Unboundg d— Mutual

- Numbe_ Exclusion
Process Protocols

e unbounded number of processes
correctness:
¢ Jock taken by at most one process




Parameterized—

7

Coherence
Protocol

Unbounded—
- Numbe<
Proces:

¢ unbounded number of processes
e correctness:
e exclusive ownership: at most one process

r
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: S ste” Unbounded
. Dato
Struct

Unbounded
Channels

e unbounded FIFO channels
e correctness:
e regardless of channels size
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Data Nets 48

Structures

)

e unbounded number of tokens
e correctness:
e coverability

>
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Structures

e unbounded number of clocks 4
e multiply unbounded
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Unbounded Data,
Structures

4

iPush (a); l

‘Push (b )|

i
4 “' ‘ o~ ° |

e unbounded heap
e unboundedly many threads
e unbounded data domain

ipush (d);

!

|Push (a );x
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“Paramet~~ Unbounded S
 Sym Number of

Processes Hierarchy

Topology:
Processes: .p apg
e finite-state e tree ’
e infinite-state e graph
e dynamic e multiset

Communication:

e rendez-vous
e Dbroadcast
e global



 Parameterized
- System




- Parameterized

Conf iguration‘]




~ Parameterized
- System -

| Local Transitiox‘m_l




" Parameterized
- System

i Existential Global Transition




" Parameterized
- System

i Existential Global Transition




~ Parameterized
~ System -

i Universal Global Transition




" Parameterized
- System

i Universal Global Transition




" Parameterized
- System

P09 0 0mnits
@00 0nit,
' ' ' |I1it5

@ @ Init:

v'hlltl — ] , -

' Set of initial configurations

] I e infinite, but
ﬂlnitial Configurations | TRELALES 2
e regular
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any size ..~

e
Set of bad configurations

e infinite, but
e upward closed

i
|

( ‘ | N | two or more processes
ﬁBad Configurations in critical section
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Verify correctness
regardless of # of processes

# processes = parameter of the system
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> Cache coherence:




Parameterized Systems

i
|

il -~ Mutual Exclusion |

i,,,

| 5 Cache coherence |

| > Petri Nets |




Parameterized

| Remarks
. e Infinite-state system
e unbounded number of processes
e Parameterized Verification: verify correctness
regardless of number of processes
e Problem undecidable in general
e (Challenge: find abstractions that work often
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Abstra,ctlon

omall model property

= inspect small instances of the system

= efficient method
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Intuition

e Bad configurations:
e can be characterized by fixed
number of witness processes
e Bad patterns:
e appear in small system instances

Small Model |
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Abstraction modulo k
e k: natural number

| - N w— N — N aail i
:

Ax: @ — V

=
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Abstraction

For each '« : two procedures (in parallel):

e Bug detection
e under-approximation
e concrete domain
e Verification
e (Qver-approximation
e abstract domain

e abstraction of initial configurations
e abstract post operator
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9099 ©OInit;

][:Igolnitn © 00 ®mit
© @ 0 Init;
@ @ Init:
Qnit;
V=az(]) VAS
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Concrete

Confs

lpost

Confs
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Abstra,ctlon

Concrete Abstract
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Para,me'r

yi: Qet of v — get of @

X)) ={ce@|a()cX }
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Abstra,ctlon |

Pa,rame’r

Vi:= pX . ax (J) U Apostx(X)

R € Yx (Vk)

Yi+1 (V1) © Y (Vi)

Apostx(X) = ax ( post (FHEX)))
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ax ( post (¥ (V) ))

Qi (POSE (Y (V) )

SN only of size k+1

Yem(X) = { ce@| ax(e) c X, |c|<m]
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J:.€
‘Ki\;‘ VL! S5
! 3. €

ﬁV’R‘ Vi
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Abstra,ctlon e

Para,me’r

Apostk(X) := ax( post ( ¥x[x+1 (X))

Vic:=1X . ax (D oupost (e (X))

Vi:= pX . ax () U ax ( post ( ¥x|x+1 (X)))



Abstra,ctlon

fork=1toedo
if Rk N Bad # @ then return Umsa{e

V =1uX . ax () U axe- post - ¥x(X)
if ye(V) N Bad = @ then return Sa%e
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R.NBad =0 > Unsafe

I

V=uX. ak(][) U ax ° post ° yx(V)))

\2

yk(V) NBad=J ﬁso\fe

- no
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L el

R, N Bad =9
J:.€

O — Qi
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Abstraction s

papa,me’f

k=1
V=uX.a:()Uai-post - ¥.(X)

0O ®
d:.€
O —0 s

,inr ~




Abstra,ctlon

k=1
if y1(V) N Bad = @ then return So@fe

¥1(V) contains everything!

d:.€

‘K_:\\;’ VL! >
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k=2 Ra:
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Abstra,ctlon

Para,me'r

-
. O

V=uX.az()) Uazg-post- x3|5(X)

---- extenstons of size 3 only

1€ All pairs but

‘K:\;‘ VL! > |

I\ ( hr




Abstra,ctlon

k=2
if ya(V) N Bad = @ then return Sa»fe

o
i 41*’3 L
3:.€

O—@ - Collected all views

N\ ( B

k=2 is cutoff point
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Abstraw Features

Universal condition Existential condition

> >

| VLi | HR('“
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Features

Universal condition BExistential condition
KT 0 e
Global variables Broadcast

Creation/Deletion Rendez-Vous




Para,me’r

o M

Features

Universal condition BExistential condition
Vi B T
Global variables Broadcast
Creation/Deletion Rendez-Vous
e [Linear
Topologies | * Hing
e Tree

Multiset
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Leader Election

root

root
\ \ \ \
\ \ \ \
. \ . v

leaf or not leaf or not

Upward propagation The root initiates the downward propagation

f
s AN ®
\ G) °

Downward propagation: Election of a candidate A process candidates
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Paramete

Abstraw Features

Universal condition BExistential condition

Non-atomic
global conditions
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Feati Completeness

Well
Quasi-Ordering

(WQO)
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Feati Completeness

Downward-
closed
set

D if c;eD and Ca < C1 then
Cautal)
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Featu ~

Upward-
closed set

U if cieuand ¢1 < Cathen
Caoscsl)
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Featu ~

V=X .ax () U ApOStk()()

¥1(V1)

R & ¥ (Vi) Ya(Va)

¥ierl (Vier1) C Yie (Vi) o
i @)

¢ ‘R downward-closed Xk(vk)

® ﬂ inductive

then
R =¥k (Vi) for
some k
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Feati Completeness

A system (@, —>») is WQO w.r.t a WQO <
if —>» is monotonic
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Feati Completeness

A system (@, —>») is WQO w.r.t a WQO <
if —>» is monotonic

= [,08sy channel systems
= Petri Nets

= Parameterized Systems @ov)

Clasgs of




/ Pa,ra,met Ana,l

Feati Completeness

Theorem if System is WQO and Safe

Procedure guaranteed to terminate

Procedure is complete Applications: Petri Nets
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Demo (toy example)
Burns
Dijkstra
Szymanski

O\ -

| —

German (simplified)
BH250

Petri Net MOESI Coherency |
Critical Section
Kanban
Percolate

Tree |Tree Arbiter

Leader Election

i0.01s]|
{l 15.3s/] 6 [1890| 15567

Ring |Token Passing
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Future Work

Contexts
Shape analysis
CEGAR




ntexts

GAR

s

sepolofefy (o] eg—ale

hape analysis

| Lock-free Data Structures |
| Treiber’s stack Mé&S’s queue ]
|| !



Future Work

‘

ntexts

Shape analysis .

GAR * push ( a ); | l

push ( b );

push ( a ); |

push ( d);

. .







Future Work

Contexts
Shape analysis
CEGAR




Unbounded Data
Structures

Weak Memory
Models
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