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Our approach

» Integration of verification techniques into existing development
process

We chose one of the component-based, model-driven development (MDD)
methodologies named MARMOT (CBSEO08)

» Provide a framework for the V&V-integrated development
methodology including
Modeling language
Design simulation
Design verification
Code generation

» Provide automation to support the V&V-integrated development
framework

+ acti ing language
Extension of existing UML support tools

Integration of model checking techniques
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Work in progress

= Constructing behavior model of abstract component

« Verification of abstract component using
communication patterns
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Abstract component
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V&V of abstract component
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Construction of abstract behavior (1)

| b7y

C
A _____ O_E
Y a7x/blx \ c?Rfrvr=x

b?y

felrw a?u/blx

—

a?xblx crxlrve=x I

{a) two dependent abstract components (b) free compaosition

c?ury+=x

b?

b?x/rv+=x 0 L
a?x/re+=x AMB
a?x/re+=x,
a?x/blx ly=rv
() synchronized reduction (d) abstraction

7 KNU SSELAB 2009-07-14



Construction of abstract behavior (2)

101 Pass = {Led0}, Led0
102 Bmap(Led0) = 101 E

—_— i
A A
101.self x |= (0x01 =< 1) LedO.set/ x |= (0x01 << 1)
102 58t/ x |=
(0x01 << 2)
101 .¢clrf x &= Led0.clr/ x &=
102 toggle/
e cgfm ~(0X01 << 1) ~{0x01 << 1)
Y g
102.clrf x &=
101 toggle/ % "{Dx;; {:-:{ 2) Led0 toggle/ x *=
A= (0x01 << 1) (0x01 << 1)
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Checking communication consistency
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Experiments

type depth states | transitions | Memory | Time
(M bytes) (Seconds)

Msp430Tim realization 1,494,716  2.4e+07 |.22e+08 5,034.0 |.69e+03
er32khzC (997.5) (3.46e+03)
specification 392,826 8e+06 2.92e+07 843.5 224

(300.4) (649)

Alarm32kh  realization 9,047  4.3e+07 2.02e+08 14,492.5 3.97e+03
z|6C (1,488.9) (7.56e+03)
specification 761 283,461 438,704 15.5 244

(6.7) (7.8)

* On Sun Workstation T5240 1.2GHz 64G
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Issues

» One thread model vs. multiple thread model

» How to identify and specify a thread model from a set of
abstract components to be composed
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Communication patterns

» Motivation

At the early stage, modeling is focused on functional behavior

Details on communication mechanism are determined much
later

However, we need to somehow specify communication
behavior for verification purposes since the verification result
may depend on specific communication mechanism

» We define six representative communication patterns
that can be exercised at the early modeling stage.
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Communication structure

» Three types of communication structures are considered
Default

Refined
With separate handlers
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Communication structure -default

(P,P..,P._,P )

in’= out’” msg

Functional E} = @Mﬂ:‘ Functional
component EI:M__{I:I component

Connect(P,Q)< 3p,, € P, ,3q. €0, ®
lype(pout) = lype(Qm) &vm € Pmsg’(pout!m — qm ?’X/\x = m)
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Communication structure - refined

Functional
component

communication
component

IJ.

%mm

J.I

= =

communication
component

Functional
component

Comp spec (i,0,0p _set,action set)=

new u,v(I(i,o,u,v) |

Spec(u,v,0p _set,action _set))

I (i,0,u,v)=1i?xulx.I(i,o,u,v)+v?yoly.I(i,o,u,v)
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Communication structure — separate
handlers

handler1 A'Jnlmﬁ@rl'& handler1

Functional
component

Functional
component

handler2 W [d===__I=]| handler2

Comp _spec (i,0,0p _set,action _set) =

new u,v(I(i,o,u,v) | Spec(u,v,op set,action set))
I (i,o,u,v)y=10G,u)|l,,(0,v)
I (i,u)=i?xulxl (i,u)

I .(v,o)=v?xo0lx.1,(v,0)
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Behavioral Patterns

» Three considerations

Message passing mechanism
FIFO, Value-based

Buffering methods
Blocking, Lossy, Overwriting

Synchrony
Synchronous vs. asynchronous message passing
» This work supports FIFO message passing mechanism

Outgoing messages : {FIFO} x {Blocking} x{Synchronous,
Asynchronous}

Incoming messages : {FIFO} x {Blocking, Overwriting, Lossy}
x{Synchronous, Asynchronous}
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Example: synchronous FIFO patterns

FIFO blacking receive FIFOQ lossy receive FIFO overwriting receive

Ibuffer[sizal=msg;
sizett;
p © outlsuccess;

bufferfsizel=msq;
sizedt;
p_c_outlsuccess;

bufferfsize]=msg;
sizet+;
p_c_outlsuccess;

oets)

Muffer[0j=msg; size=1;
p_c_oullsuccass,

size=hiA Ip_c_outlsuccess;

| Communication component N Functional component
p_c_in p_d_In
-"”’”“*@l - Input buffer : __@l
=" ===M  size 0~MAX == —
p_c_out [TTTTT T 1 p_g out’
T |Q—: Output buffer: i Im|
=" T size1 i@ = =
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Verification using communication
patterns

run Spec(in,out);

» With default communication run env(out,in);
A process deadlock is highly-likely due to the under-specified
communication behavior
» Three steps for using communication patterns
Introduce the communication process
Apply the communication patterns and perform verification

Re-apply the communication patterns after separating the
communication process with two independent input/output
handlers
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Verification using refined structure

PROM]

LA

proctype Interface(chan i,0,u,v){

mtype X;
do

2 i?[x] -> 17x; ulx;
-2 V?[X] -> v?x; printf(“%d”, x);

od;

}

run env(in, out);

run Interface(out, in, u, v);

run Spec(v,u);
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Verification using separate handlers

[ConRincaonReRdeS I / (i-0.u.v) = 1, (1) | 1,,,(0.v)

I (G,u)=1i?xulx.I, (i,u)

[ .(v,o)=v?x.o0lx.1, , (v,0)

proctype Interface(chan i,0,u,v){
run input_handler(i,u);
run output_handler(o,v);

}

mtype X; run env(in, out);
do run Interface(out, in, u, v);
?[X] > 17x; ulx; run Spec(v,u);
od,
Y

proctype output_handler(chan o,v)}{
mtype X;
do
2 V?[X] -> v7?x; printf(“%d”, x);
od,;

}
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Discussion

» Communication patterns help designers model system
without regard for the specifics of communication
mechanism

» Patterns can be adopted as desired

» The default communication pattern is not an abstraction
of the refined communication

Refine communication patterns??
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