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Model Frameworks: Statecharts
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4+ example of domain specific modeling with Java It

* java

AN

> jpf gov.nasa.jpf.sc.StateMachine MyStateMachine [guidance-script]

< SuT —»le— host IVM ——»

extensions/statechart

) /src
( ) choice

generator SCEvent, SCEventGenerator, ..

...lenvljpf native || .../lenv/jvm

_ . peer JPF_.. State, NativeStateMachine
State, StateMachine domain ! | ——=
framework :
bytecode

| set
application |
| serializer/
™ | restorer
‘annotation || -
! publisher/
|
|
|
|
!

ext Jj| it . /src/tools
Coverage, SimStateMachine

listener/
property

\ )
|
| src/util/script

ScriptEnvironment, ESParser, Event, ..




Statecharts: Why (1)
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4 why? domain specific properties @

r

Ascent

I [tminus>5] —>;

failure (tminus
Prgﬁl:cnkCh ] ( ) >e— [tminus<=5] =

_

srblgnition()

[controlMotorFired] Abort ]
i abort (altitude, [altitude <= 1.2€e5] +———> LowActive

— LAS

First ] controlMotorFired)

>0
Stage [not controlMotorFired]

Abort ]

stagi1 Sep() > Passive
LAS I

t troIMotorF'red
Second ] abort (controlMotorFired) [not con ired]
Stage =? | [altitude >= 1.2e5]

. Abort ]
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[controlMotorFired] LAS l
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— —

EarthOrbit
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Statecharts: Why (1)

/ Ames Research Center

4 why? domain specific properties @
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— LAS
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>0
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Abort ]
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Statecharts: Why (2)
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1\

4 make model executable (strict execution semantics) pe

*.java

Vs

Ascent

: Hold
I [tminus>5] —> Launch

Prelaunch ] failure (tminus)
Check

> [tminus<=5] >

srblgnition()

[controlMotorFired] Abort
l abort (altitude, [altitude <= 1.2e5] +———> LowActive
“—

— LAS

First controlMotorFired)

Stage

> @

. [not controlMotorFired]
ambiguity for ®
altitude = 1.2e5 Abort ]

stage1Sep() Passive
LAS

[not controlMotorFired]

~

Second ] abort (controIMotorFired)\
Stage =? | [altitude >= 1.2e5]

Abort

lasJettison() . HighActive
[controlMotorFired] LAS

stage2Sep()

EarthOrbit
——




Statecharts: Execution Semantics A
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100p as IOIlg as active state instantiate state machine f‘:ﬁ |
set 1S not empty compute S

active (

start states)

get enabling events while §

. active
i getE
it (E

+ O
S

enable ( active)

loop over active state set 2
*

enable
model checking loop

try event on active state
by executing trigger method

e
i foreach event € Eenable

P Snext =9
if trigger fires, add target state to | i| foreachstatee S

active

next set, otherwise add the - §| | resetnexiState

currently processed state again . get triggerMethod (event)
if triggerMethod found

next set becomes new active set il 1 call riggerMethod

continue with next step | it nextState sef
- add nextState to §
else

. add stateto S

next

next

S =8

active next




Statecharts: Model Code Structure (1) A
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(1) set of diagrams — one toplevel class 5’3\

(2) each substate — nested class

(3) each trigger — Java method

entry/ ()

(4) transitions — setNextState(state) &
Co . LV ;
(5) imitial states / orthogonal regions \ | class MyModel extends State{ |

— makeInitial(..) Oa

class A extends State{
void el(int d) { 4

. . . setNextState(b);
(6) entry/ exit/ actions — corresponding )
)
entry/exitAction () methods A a = makeInitial(new A());

class B .. B b = new B();

(7) completion triggers

class C extends State {

— CompletiOn ( ) IIl@thOd void entryAction() {f( )@

. . oid completion(){
(8) guards — boolean java expressions if e Q)
setNextState(b);

(9) end states = setEndState(..) calls }

void e3(){
setEndState();

}
} Cc = new C();




Statecharts: Model Code Structure (2) A

g |
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4+ Layers: make modeling easy, push complexity into (hidden) library

4 domain library is the real development effort

domain model < UML library

- execution semantics/policy

- environment

- sim & model checking
class StateMachine {..}

- created from UML diagram
- structure, no policy
- N0 exec, no events

//gI;SS MyMachine

|

]

|

)

|

extends State { .
class A : State { I
]

|

]

|

]

|

]

class State {..}

void el () {
if (cond)

setNext (d) class Event {..}

}
void e2 () {..}
} A a = new A();

class Environment {..}

\ ; )
UML Java Program




Statecharts: Guidance Scripts (1)

Model| State Space >jpf gov.nasa.jpf.sc.StateMachine CEV_15EOR LOR SafeHold.es
. Guidance Script
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Ascent
// just get off the ground and into orbit

Prelaunch failure (t) >D_ Sr'bIgnition
Check stagelSeparation

srblgnition() lasJettison
abort (altitude, stageZSeparation

First controIMotorFireE)r—]
~ stagelSep() //--- check all of EarthOrbit
lasJettison() SECTION earthOrbit {

Second | @bort (controlMotorFired)

> ' // covers Insertion and SafeHold
) o

}

EarthOrbit SECTION earthOrbit.orbitOps {
lsamRendezvous

entry/ checkSensors SafeHold eiBurn t11Burn @

}

Insertion [earthSensorFailed]
4

entry/ setMajorMode A Program State Space
<~ | [earthSensorOK]

[ OrbitOps IsamRendezvous

resetSensors()
O-.

guard never holds tliBurn
because of

action side effects




Statecharts: Guidance Scripts (2) A

simple event sequence (no search)
e o00d for testing nominal sequences

choices
e explicit list of event/parameter combinations

e lexical patterns
e “*’choices: all handled events

1terations

e bounded and unbounded (can cause infinite loops
if statespace 1s not closed)

sections

e cvent sequences to be processed when a UML
state becomes active

e hierarchical (lookup upwards from concrete
active state and all it’s parent states until matching
section 1s found)

//meR%wmmﬂmm#

srbIgnition 5

N
stagelSeparation ¢3

* java

ANY { abort(100), abort(120) }

ANY { abort(1[024]0) }

ANY { * }

REPEAT 5 { fireThruster }

SECTION ascent {
srbIgnition
stagelSeparation
lasJettison
stage2Separation

}

SECTION earthOrbit {
ANY {*}

}

SECTION earthOrbit.orbitOps {
lsamRendezvous
tliBurn




Core Additions
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4 3 new Extension Mechanisms
e BytecodeFactory
e operand/field attributes
e Reporter/Publisher

4 Annotation Support

events

choice

PbC : generator

in-source test specs | native
peer

operand-/field- attributes

.. and more

bytecode

| set BytecodeFactory
application .
' serializer/ ||
"~ .

restorer

annotation
AnnotationInfo, |— publisher/

InfoObject ! -ext

Reporter/Publisher/-Extension

listener/ )
property annotation processors




Core: Bytecode Sets/Factories
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Methodinfo _
factory y <<InstructionFactory>>
Instruction create (..,instructionName)

Instruction[] code \11 T

init (JavaClass)
Instruction

S — Instruction execute()

code[1i] = factory.create(..IFEQ); ZE

L] [} j
abstract execution semantics

‘ DefaultinstructionFactory ' ‘SymbolicInstructionFactory \ ‘ |

concrete execution semantics

concrete value !

execution ' __ S| |FEQ <__. symbolic value
execution

I
I
|
- > e e <%—ﬂ
|
|
I
I

T —
instruction set

Instruction execute (..){
Instruction execute (..){ if (!firstStepInsn()){
cond = popCondition(); setNextCG(new PCChoiceGenerator());
if (cond) return this;
return jumpTarget; }
else popCondition(); // not interested
return getNextInsn(); cond = getCG().getNextChoice();
if (cond){...
updatePathCondition(.., EQ);
return jumpTarget;
else {...
updatePathCondition(.., NE);
return getNextInsn();




Core: Bytecode Sets/Factories
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Methodinfo _
factory y <<InstructionFactory>>
Instruction create (..,instructionName)

Instruction[] code \11 T

init (JavaClass)
Instruction

S — Instruction execute()

code[1i] = factory.create(..IFEQ);
- next insn | end-of-thread

L] [} b J
abstract execution semantics - ¢xception

‘ DefaultinstructionFactory ' ‘SymbolicInstructionFactory \ ‘ |

concrete execution semantics

concrete value !

execution ' __ S| |FEQ <__. symbolic value
execution

|
|
|
- > <———:
|
|
|
|

T —
instruction set

Instruction execute (..){
Instruction execute (..){ if (!firstStepInsn()){
cond = popCondition(); setNextCG(new PCChoiceGenerator());
if (cond) return this;
return jumpTarget; }
else popCondition(); // not interested
return getNextInsn(); cond = getCG().getNextChoice();
if (cond){...
updatePathCondition(.., EQ);
return jumpTarget;
else {...
updatePathCondition(.., NE);
return getNextInsn();




Core: Bytecode Sets/Factories
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Methodinfo _
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L] [} j
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I
I
|
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|
|
I
I
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Core: Bytecode Sets/Factories
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Methodinfo _
factory y <<InstructionFactory>>
Instruction create (..,instructionName)

Instruction[] code \11 T

init (JavaClass)
Instruction

S — Instruction execute()

code[1i] = factory.create(..IFEQ); ZE

L] [} j
abstract execution semantics

concrete execution semantics

heap / stack state change ‘ DefaultinstructionFactory ' ‘ SymboliclnstructionFactory \ ‘ |

concrete value !

execution ' __ S| |FEQ <__. symbolic value
execution

I
I
|
- > e e <%—ﬂ
|
|
I
I

T —
instruction set

Instruction execute (..){
Instruction execute (..){ if (!firstStepInsn()){
cond = popCondition(); setNextCG(new PCChoiceGenerator());
if (cond) return this;
return jumpTarget; }
else popCondition(); // not interested
return getNextInsn(); cond = getCG().getNextChoice();
if (cond){...
updatePathCondition(.., EQ);
return jumpTarget;
else {...
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return getNextInsn();




Core: Variable Attributes

StackFrame

int[] locals
Object][] localAttr

Fields

int[] operands

int[] values
Obiject[] attrs

Object[] operandAtir

dup(), push(), pop(), ..

getintValue(idx), ...
setIntValue(idx, v), ...
getAttr(idx)

SetAttrsidX’Obn setLocaIAttr‘idx,ob'”

getOperandAttr(idx)
setOperandAttr(idx,obj)
getLocalAttr(idx)

/ Ames Research Center

(

values | attributes

JPF core .
values | attributes

I

I

I

_

locals

putfield

o

getfield

operands

\/

[

setAttr (i, 0)

user
extension

getAttr (i)

attribute
object

(&

- listener
- Instruction
- native peer

-
get?Attr (i) set?Attr (i, o)

invokevirtual




Core: Reports
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reporter = config.getInstance
("jpf.report.class"”, Reporter.class,..); _
data collection
publisher management

data formatting
topic management
output channel
management property/listener
specific output topics

JPF
Reporter
Publisher

reporter
publishers L
extensions <<PublisherExtension>>

JPF()
addPublisherExtension() _d| searchStarted()
<~ | propertyViolated() topics publishStart()
out publishTransition()
publishPropertyViolation()

publishFinished()

setPublisherTopics() P
. ..
searchFinished()
A pub“ShStart()

getOut()

1
)
]
]
\
\
\

for (Publisher p : publishers){

p.openChannel();

p.publishStart(); / ConsolePublisher
i publishdPF()

/ o
————————————

public void publishStart() { ;
/ DeadlockAnalyzer
publishFinished()

for (String topic : startTopics) {
1f ("jpf".equals(topic)){ /

/ Q

1’ '—I'

publishJPF();

for (PublisherExtension e : _ _
extensions) { / PrintWriter out =
e.publishStart(this); i . publisher,getOut();
1 i printTraceAnalysis(out);
JPF configuration o '
(e.g. default.properties) out.println("JPF version" + ..);

jpf.report.class=.report.Reporter

jpf.report.publisher=console:..
jpf.report.console.class=.report.ConsolePublisher

jpf.report.console.start=jpf:..




Annotations: Requirements Coverage A
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4 markup to link to arbitrary documents

4 can be used for coverage statistics

4 easy, low cost (tool independent), good docu

@Requirement("1.1.1")
public double doSomething (double d) {...}

U

requirements coverage

0.80 (8/10) 0.75 (3/4) 0.00 (0/1) 1.00 (2/2)
0.75 (6/8) 0.67 (2/3) 0.00 (0/1) .. .doSomething(D)D

0.80 (8/10) 0.75 (3/4) 0.00 (0/1) 0.67 (2/3) 0.50 (1/2) total




Annotations: Event Sequences A
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4 identify (object aware) events that should be logged/analyzed for
temporal properties

4+ cxample uses Alex Moffat’s Sequence editor:

open

class A { ..
@SequenceMethod(1d="MySequence™) confirmed
public void initialize(B b) {..} ... orocessData

}

class B { .o _confirmed
@SequenceObject(id="MySequence", object="04") .

_confirmed
D d;

@SequenceMethod(1d="MySequence")
public void open(A client) {..} ...

}

@Sequence(1id="MySequence",objects= {"01=a","02=b","03","
public static void testSequence (A a) {..}




Annotations: Pb(C
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4 PbC == “assertions on steroids”

class TestContractsBase { inherited.:
@Ensures("Result < 0") = weakening preconditions (OR)
int foo (int a){..} ... strengthening postconditions (AND)

}

@Invariant({"d within 40 +- 5", evaluated before and after
"a > 0"}) - each public method
class TestContracts extends TestContractsBase {

double d = 42.1;
int a = 42;

@Requires("a within 10,20") <«——— evaluated before entry (callers responsibility)

@Ensures("old(d) >= d") <«———— evaluated after exit (callee responsibility)
int foo (int a){..} ..

error #1

gov.nasa. jpf.jvm.NoUncaughtExceptionsProperty
java.lang.AssertionError:
invariant violated: "((d within 40+-5) && (a > 0))", values={d=142.1}
at gov.nasa.jpf.test.TestContracts.faz(TestContracts. java:48)
at gov.nasa. jpf.test.TestContracts.main(TestContracts.java:60)




Annotations: Testing A
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4+ JUnit gOOd, but: test object test method @Vj

creation arguments test goal
e external source (sync) I I |

* tests can be useful documentation  @rest("this(2)Ithis(3). (0.[56]e-10) within 0,20")
e argument variation should be double func (double d) {..}

supported (spec efficiency)

s tandalgn ¢ model checking
execution @ (JPF execution)
] (target JVM)
4 in-source test specs for

“simple” unit tests > test spec: "this(2)Ithis(3).(.[56]e-10) within 0,20"

e makes developers life easier goal: 0,20

o tests get not lost/out of sync execute: TestMethodTest(2).func(5.0E-11)

returns: 2.00000000005
Ok

* (pOSSlbIY) tOOl independent execute: TestMethodTest(2).func(6.0E-11)
@ returns: 2.00000000006

e can be used with JPF Ok

e can be used with Slmple, standalone execute: TestMethodTest(3).func(5.0E-11)

MethodTester returns: 3.00000000005
Ok

. execute: TestMethodTest(3).func(6.0E-11)
4 annotations could be returns: 3.00000000006

generated by symbc S




The Big Fix: Heap (1)

A ————————————
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int indexFor (ti){

IntTable<DynamicMapIndex>
dmap

DMI dmi = new DMI(ti.getPC())
while(true){
int newIdx = dmap.nextPoolVal();
Entry e = dmap.pool(dmi);
if (e.val==newlIdx || elements[newIdx]==null)
return e.val;

Elementinfo[] elements

int getTableIndex(E key) {
return hash(key.hashCode());

}

Entry lookup(E key,int idx) {

Entry e=tbl.get(idx);
while(e!=null){
if (e.key.equals(key))
return e;
cur=cur.next;

}

return null;

}

//free index

dmi.next();

}

next() { occurrence++; }

DMI

PC,
tid,

nextPoolVal() { return size; }

Entry pool(E key) {
int idx = getTableIndex(key)
Entry e - lookup(key,idx)
if (e==null){
e = new Entry(key,size++)
addFirst(idx, e)
}

return e;

occurrence
T

hashcode = pc.getPosition()
+ tid + occurrence

new A(..) new

N ¢
G

Heap Symmetry =
reference values are scheduling order invariant

B(..)




The Big Fix: Heap (2) A
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we need constant alloc time

challenge 1s not better heap data structure, but replacement of
DynamicArea dependencies (Serializer/Restorer)

implementation could be SparseClusteredArray:

reference value

tid | offset

alloc:
find first free cell
in thread segment pro

fast alloc
efficient data structure (SparseArray w/ in-use bitmap)

con

size limit (>threads, max obj/thread)
heuristic, might not guarantee heap symmetry
(alive creator hands off ref, variable thread start order, ..)




