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GALS: Globally Asynchronous,
Locally Synchronous

@ A set of synchronous systems composed asynchronously
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@ Synchronous systems SN
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¢ Several components, one common clock X ﬁﬂ/
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@ Asynchronous composition rendezvous
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¢ Several synchronous systems, different speeds %
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Formal Verification of GALS Systen

o Problem:
¢ Hard to design and debug
¢ Safetycritical applications
o Formal modeling and verification:
¢ Powerful automatic tools
¢ Correctness of the design process
e However:
¢ Expertise in formal methods required
¢ Scalability to industriasize applications

—

\

e Solution: @f_
GRL (GALS Representatlon Language) =
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Rationale for GRL
(GALSRepresentationLanguage)

e User convenience
¢ Unified language (synchronous and asynchronous)
¢ Modular modeling
¢ Abstraction
¢ Easyto-use
o Efficient formal verification
¢ Formal semantics
¢ Pivot language (industrial tools, CADP [1] toolbox)

[1] Construction and Analysis of Distributed Processes
http://cadp.inria.fr/

r
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GRL in a nutshell

@ Synchronous systems
¢ Blocks:synchronousehaviour S
¢ Based on the dataflow model

e Asynchronous composition \
¢ Mediums:communication between blocks [[ Medium (s) ]
¢ Envirenments:external constraints L

¢ Inspired by process algebraic languages m

o Imperativeflavour L rermen )

- S
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Running Example
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B I O C kS ~ Environment(s) b,

o Cyclidbehaviour(active):

¢ Discrete deterministic steps
1. Consume inputs
2. Compute a reaction
3. Produce outputs

¢ Memory maintainedpermanentvariables — environment(s)
¢ Atomic |

o Composition oSubblocks

Inputs

f
-

Outputs
J..,r:.

®

Internal state

,,,,,,,,,,,,,,,,,,,,,,, w
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Blocks

o Cyclidbehaviour(active):

¢ Discrete deterministic steps
1. Consume inputs
2. Compute a reaction
3. Produce outputs

Memory maintained anentvariables = .
o perm e
¢ Atomic —_—

o Composition oSubblocks

e Receive, Send: asynchronol

communication Receives
—

Outputs

=

Inputs

Sends

=SS

informatics gFmathematics '
ICFEM 2014 &tw L im 13



Blocks: Simple Example

block Heater (in Switch : bool; in Sensor : nat; out Is_On : bool) is
allocate Comparator [Strictly_Inferior] as B02,

NUM [3] as BO3,
AND as B04,

temp cl: bool, c2: nat
BO3 (?c2);

B0O2 (_; Sensor, c2; ?cl);
B0O4 (Switch; c1; ?Is_On)

end block

aaaaaaaaaaa s # mathematics '
ICFEM 2014 /%77 L1 G 14



Blocks: Simple Examnrla

Physical
interactions

block Heater {in Switch : bool; in Sensor : nat; out Is_On : bool)

S

allocate Comparator [Strictly_Inferior] as B02,
NUM [3] as BO3,
AND as B04,

temp cl: bool, c2: nat
BO3 (?c2);

B0O2 (_; Sensor, c2; ?cl);
B0O4 (Switch; c1; ?Is_On)

end block
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Blocks: Simple Example

block Heater (in Switch : bool; in Sensor : nat; out Is_On : bool) is

allocate Comparator [Strictly Inferior] as B02, Creation of instances
NUM [3] as BO3, Separate memories |
AND as BO04,

temp cl: bool, c2: nat
BO3 (?c2);

B0O2 (_; Sensor, c2; ?cl);
B0O4 (Switch; c1; ?Is_On)

end block
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Blocks: Simple Example

block Heater (in Switch : bool; in Sensor : nat; out Is_On : bool) is

allocate Comparator [Strictly Inferior] as B02,

AND as B04, Sid J

variables

temp cl: bool, c2: nat

B0O3 (?c2);
B0O2 (_; Sensor, c2; ?cl);
B04 (Switch; c1; ?Is_On)

end block
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Blocks: Simple Example

block Heater (in Switch : bool; in Sensor : nat; out Is_On : bool) is
allocate Comparator [Strictly Inferior] as B02,
NUM [3] as BO3,
AND as B04,

temp cl: bool, c2: nat

B0O3 (?¢2); Swtﬂhm@us
BO2 (_; Sensor, c2; ?cl); composition
B04 (Switch; c1; ?Is_On) o

end block
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Blocks: Simple Example

block Heater (in Switch : bool; in Sensor : nat; out Is_On : bool) is

allocate Comparator [Strictly_Inferior] as B02,
NUM [3] as BO3,

AND as B04,
temp c1: bogl, c2 : nat Data communication
/ v
B02 (_; Senso cl);

B0O4 (Switch; c1; ?Is_On)

end block
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Blocks: FCS Example

Physical
interactions

block Ail|(in spo : bool; out cpo : nat) [
{receive lock, up, down :bool; send apo : nat} is

perm pos: nat:=0

If (not (lock) and spo) then
If up then pos :=pos +1
elsif down then pos ;= pos + 1
end if

end if;

CpoO := pos;

apo := pos

end block
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Blocks: FCS Example

Interactions inside
a network

block Ail (in spo : bool; out cpo : nat) =

{receive lock, up, down :bool; send apo : nat}[is

perm pos: nat:=0

If (not (lock) and spo) then
If up then pos :=pos +1
elsif down then pos ;= pos + 1
end if

end if;

CpoO := pos;

apo := pos

end block

nnnnnnnnnnn  # mathematics '
ICFEM 2014 &1’% LI a 21



Blocks: FCS Example

Memory
initialization

block Ail (in spo : bool; out cpo : nat)

{receive lock, up, down :bool; send apo : nat} is
perm pos: nat:=0

If (not (lock) and spo) then
If up then pos :=pos +1
elsif down then pos ;= pos + 1
end if

end if;

CpoO := pos;

apo := pos

end block
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Blocks: FCS Example

block Ail (in spo : bool; out cpo : nat)
{receive lock, up, down :bool; send apo : nat} is
perm pos: nat:=0
iIf (not (lock) and spo) then

f up then|pos :=pos + 1

elsif down therl pos ;= pos + 1

Memory update
— v

end if
end if;
CpoO := pos;
apo := pos
end block
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Mediums

Environment (s)

b
e

e Modeling of asynchronous
communication

o Activated on demand (passive) P

¢ Several connected blocks, different [[ Medium (s) \]
Instants —
¢ Nondeterminism m
e Signhalstatements to control
activation

Environment(s)

- e
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Mediums

e Modeling of asynchronous
communication m
e Activated on demand (passive) ! |
¢ Several connected blocks, different [ Medium ]
Instants

¢ Nondeterminism

. Block
e Signhalstatements to control
activation

r

informatics gFmathematics ‘
ICFEM 2014 &Z’W L1 G 25




Mediums

- Environment(s) :
\_.\_/—/
e Modeling of asynchronous

communication |
o Activated on demand (passive) data A |

¢ Several connected blocks, different [\ Medium ]
Instants

¢ Nondeterminism

_ Block
e Signhalstatements to control
activation |
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Mediums
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Mediums

e Modeling of asynchronous
communication |
o Activated on demand (passive) %ta
¢ Several connected blocks, different [\ Medium ]
Instants
¢ Nondeterminism "
o Signalstatements to control o
activation |
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Mediums: FCS Example

medium Coord {receive apo : nat | send lock; up; down : bool |
receive Ip, up, dp : bool | send app : nat |
Buffers for

receive Is, us, ds : bool | send aps : nat} is transited data

A

perm lock bu: bool :=true, up_bu, down_bu : bool :=false, apo bu: nat :=0

select
on Ip, up, dp ->lock _bu :=Ip; up_bu :=up; down_bu :=dp
[ onls, us,ds ->lock bu:=Is; up bu:=us; down bu:=ds
[ on apo->apo_bu:=apo
[ on ?app ->app :=apo_bu
[ on ?aps ->aps :=apo_bu
[ on ?lock,?up, ?down -> lock :=lock bu; up :=up_bu ; down := down_bu

end select

end medium

informatics g mathematics ‘
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Mediums: FCS Example

medium Coord {receive apo : nat | send lock; up; down : bool |
receive Ip, up, dp : bool | send app : nat |
receive s, us, ds : bool | send aps : nat} is

perm lock bu: bool :=true, up_bu, down_bu : bool :=false, apo bu: nat :=0

select

on Ip, up, dp ->lock _bu :=Ip; up_bu :=up; down_bu :=dp

[] onls,us,ds ->lock bu:=Is;up_bu :=us; down_bu:=ds Nondeterministic
[ on apo ->apo_bu := apo choice

[ on ?app ->app :=apo_bu

[ on ?aps ->aps :=apo_bu

[ on ?lock,?up, ?down -> lock :=lock bu; up :=up_bu ; down := down_bu

end select

end medium
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Mediums: FCS Example

medium Coord {receive apo : nat | send Data reception |

receive Ip, up, dp : bool||'s” __capprrar

receive s, us, ds : bool | send aps : nat} is

perm lock bu: bool :=true, up_bu, down_bu : bool :=false, apo bu: nat :=0
select

on Ip, up, dp ->lock _bu :=Ip; up_bu :=up; down_bu :=dp

[ onls, us,ds ->lock bu:=Is; up bu:=us; down bu:=ds

[ on apo->apo_bu:=apo

[ on ?app ->app :=apo_bu

[ on ?aps ->aps :=apo_bu

[ on ?lock,?up, ?down -> lock :=lock bu; up :=up_bu ; down := down_bu

end select

end medium
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Mediums: FCS Example

medium Coord {receive apo : nat | send Data reception |

receive Ip, up, dp : bool||'s” __capprrar

receive s, us, ds : bool | send aps : nat} is

perm lock_bu : bool :=true, up_bu, down_| Signal statement bu: nat:=0
select |

on Ip, up, dp ->lock _bu :=Ip; up_bu :=up; down_bu :=dp

[ onls, us,ds ->lock bu:=Is; up bu:=us; down bu:=ds

[ on apo->apo_bu:=apo

[ on ?app ->app :=apo_bu

[ on ?aps ->aps :=apo_bu

[ on ?lock,?up, ?down -> lock :=lock_bu; up :=up_bu ; down := down_bu

end select

end medium
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Environments

Environment (s)

@ Modeling of constraints —

¢ Logical constraints between
nlocks

¢ Physical constraints )
o Activated on demand (passive) [[ Medium (5 ]

e Signhalstatements to control
activation

Environment (s) )

-~ =
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Environments: FCS Example

Safety state of bool) is

environment Conc (out p tok:bool | out .
( s | Prim and Sec )

perm p_alive, s_alive:bool :=true —

If p_alive then
select
on ?p_tok -> p_tok :=true -- primary responds
[] p_alive :=false -- primary fails
end select
elsif s_alive then
select
on ?s_tok ->s_tok :=true -- secondary responds
[] s_alive :=false -- secondary fails
end select
else
on ?alarm -> alarm := true
end if
end environment

nnnnnnnnnnn ; S mathematics '
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Environments: FCS Example

environment Conc (out p tok:bool | out Safety state of bool) is

_ _ Prim and Sec
perm p_alive, s_alive:bool :=true | = ’

iIf p_alive then

select Prim has the

on ?p_tok ->p_tok :=true -- primary responds priority of control |

[] p_alive :=false -- primary fails
end select

elsif s_alive then
select
on ?s_tok ->s_tok :=true -- secondary responds
[] s_alive :=false -- secondary fails
end select
else
on ?alarm -> alarm := true
end if
end environment
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