Verification— Step 3 in the xtUML Method

¢ Analysis — questioning, thinking, sketching...

e Informal UML diagrams
— UuSe case, sequence, ...

¢ Modeling — formalizing the analysis:
e Component Diagrams (partitioning/interfaces)
e Class Diagrams (data)
e State Machines (control)
e Activities (processing)

¢ Verification
e Interpretive Model Execution

¢ Code generation
e Template and Rule-Based Translation

“zBridgePoint
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xtUML Model Driven Test

Model Driven Test delivers verified
models to the next level
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xtUML Model Driven Test

Abstraction accelerates verification
e Models have lower complexity
e Fewer requirements to check
e Faster test execution
e Easier to write tests
e Lower Model decay
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xtUML Model Driven Test

Translation provides traceable path to
“Golden” Reference for architecture-
specific and technology-specific models
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xtUML Model Driven Test

MDT offers Test Driven Design benefits
e Higher re-use with test component
e Lower system model debris

e Eliminates situation of design
waiting for test
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Validation vs Verification

Validation

e Confirming that the system performs
intended function under Intended Usage

e Often emphasized by Modeling Analysis

Verification

e Confirming that the system is validated and
does not perform “Bad Things” under
Unintended Usage
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Validation vs Verification

xtMDT requires Verification
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xtMDT Verification

xtMDT starts with Analysis
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xtMDT Analysis - Use Cases

Test Environment models Actors
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xtMDT Analysis - Use Cases

Use Cases must
e Capture desired functionality
e Constrain undesired functionality
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xtMDT Analysis - Sequence Diagrams

¢ Interactions between
External Actors and
the system model are
good test candidates
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xtMDT Analysis - Sequence Diagrams

¢ Analysis should include both
intended and unexpected (ie.
valid and invalid) messages

LA

¢ Pre-Conditions define
constraints

LITATE

¢ Post-Conditions define
“Golden” comparison
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xtMDT Analysis - Scenarios

¢ Scenarios are Sequence Diagrams with messages
from the Actors constrained to give only an
unique set of messages from the system.
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xtMDT Analysis - Scenarios

¢ Scenarios provide “Golden Data” to compare
model generated messages against.
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xtMDT Analysis - Scenarios

¢ Scenario = initial state + sequence trajectory
¢ Caution — emphasizing Scenarios in analysis

can give false sense of completeness.
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xtMDT Analysis - Activity Diagrams

¢ Activity Diagrams show the o
flow of processing : = r -
interactions o
¢ Capture “Behavior / Habits” fh ommmN
of an Actor ) - ( i ] — -
— N
= P
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Mapping Analysis to Tests

¢ Use Case Diagrams
e ldentify components and message categories for test system

¢ Sequence and Scenario Diagrams
e ldentify order of key behavior
e ldentify boundary constraints and correctness

¢ Activity Diagrams
e ldentify classes and messages related to common “Behavior”
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Mapping Analysis to Tests

Scenarios + Activity Diagrams provide
a prototype of a test component.
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Suggested System Structure

Most Commonly split into
Test Component and System Component

E Sample_ifce E
<
rand_tst_calc::parts::sample_HAL [}\Q}*

Ky

]rand_’ast_calc parts:isimple_cak
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Structure of a Test
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xtMDT- Test Component Phases

(1. Build )
L KEY_A3: next *

6. Config )
~
=
L J
KEY_A3: next
KEY_Al: Repeat
(3. Run )
L KEY_Al: Repeat
/
KEY_A3: next
ﬂ-. Report R G Destroy
L / KEY_A2: EOt \

S e Aernd A A~ N
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xtMDT- Test Component Phases

=158 parts
{Ef parts: Component Package Diagram
EI" sample_HAL
sample_HAL: Component Diagram
E-S sample_HAL
E]{W test
{5’.‘ test: Function Package Diagram
@ buid
@ pat2
“ @ runPatterni
E_H“{.DI Datatypes
#-{EE External Entities
-I:I samples
E}GBsmdQ;dc
simple_calc: Component Diagram
=13 simple_calc
{5..5' simple_calc: Class Diagram

ttbhuildi);

select any hal from instances of HAL;
hal.lcl step = 3;

hal.test_cnt = 2;

rigoi)
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xtMDT- Test Component Phases

=158 parts
{Ef parts: Component Package Diagram
EI" sample_HAL
sample_HAL: Component Diagram
E-S sample_HAL
E]{W test
{5’.‘ test: Function Package Diagram
@ buid
@ pat2
“ @ runPatterni
E_H“{.DI Datatypes
#-{EE External Entities
-I:I samples
=-C3 simple_calc

simple_calc: Component Diagram
EJ {S..S simple_calc
- 13 simple_calc: Class Diagram

*xtUML Modeling %ﬁ xtUML Debugging 2 EDGE Projects

]

@= EQT: State Machine 5 1 <§= shutdown: Bridge Act

/¢ Test Banner
LOG: :LogInfo (message:"Test - init for OAL HAL™);

select any hal from instances of HAL:
if (empty hal)

create object instance hal of HAL:
end if;

send samples::init():;

T Cumm
@+ pat2: Function Activity (6 * build: Function Activity
select any calc from instances of SIMPLE CALC;
if (empty calc)

create object instance calc of SIMPLE CALC;
end if ;

— A
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XtMDT- Test Phases

(1. start

\
L KEY1: Run

(2. Set_Pre_Cond w

KEY2: next_pat

(3, Run_pattem N (a. Report w

L KEY3: EOT'I J

i KEY3: EOT
KEY2: next_pat

(5. End_test h

#-24 » xtUML and BridgePoint: Components



xtMDT Example from Application Model

T TOTCTTogETTg:

startl:
‘>

RDR_B2B: Class Diagr ] @& runDropDetect_Overdr ] @ destroy: Operation & 1 d" PpQB::PacingEngineEve ] @* RateDrop: State Mach ]

[ 1. Start ]

tntry;‘ J

run::TestCase

(2. RateDrop \

entryl
LOG::LogInfo{message: "test case state2");
sekect one tc related by self->TestCase[R1];

send pCoord::Enable_RDR();
te.sendPacingEngineEvent({ID: t_PacingEngineEvent_ID::¥S, Interval: 750);

DDOF4: proceedy...

(3. RateDropDetected w
entry/

Suggest_LRI::TestCasef...

DDOF4: proceed
Suggest_LRI::TestCasef... Suggest_LRI::TestCasef...
(4. Bomgs R (. StilBpmas B 6. Boma0
entryf entry/ entry/
*
* During Fallback, the ROR rate (Rdr... | 5U9gest_LRI:TestCasef... DDOF4: proceed)...

*5 bpm on every timeout event, Th...
* every VP or VS event, and Fallback...
*is equal to or slower than the prog...
* orwhen three consecutive ASeve...
*

e
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xtMDT Summary

¢ Benefits of Platform-Independence applies to test

\ 4

Abstraction reduces complexity and simplifies test writing

Start with xtUML Analysis artifacts
Structure model and micro-sprints around component phases

xtMDT eases transition to Advanced Verification

® & o o

Code generation enables easier path
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xtMDL - Advanced test Class

Use super-class and sub-class structure to
generalize the test structure

sssssssss i
] c ) '
current_ H ‘

\\\\\\\\\\\\\\\

test_cntinteger

lcl_step integer
%

init testl
m {2, TINIT} m {3,T 3 m {4,TEST2}

current. lodel > te_Model > )
TRV TP VNI NSO T VGNP AT RPN SpY RV WY Yo ST ST SRS Y ww}
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xtMDL - Advanced test Class

Super-class contains OAL to implement
collection of parameterized sequences

sssssssss i
{LHAL} .
current_s : del > s

\\\\\\\\\\\\\\\

test_cntinteger

lcl_step integer
%

init

m {2, TINIT} m {3,T 3 m {4,TEST2} 3
current. lodel> -_Model> 5
B W PP W "N wwwwwwi
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xtMDL - Advanced test Class

Sub-class contains configuration details
and orders the sequences

sssssssss i
) {LHA )
current_s : del > ‘

\\\\\\\\\\\\\\\

test_cntinteger

lcl_step integer
%

init testl
m {2, TINIT} m {3,T 3 m {4,TEST2}

current. lodel > te_Model > )
e Ms A e IR, s, ~mwwwwww}
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xtMDL - Advanced test Class

Randomization + Sequences =

Compact Test Suite Description

' 3
{1,HAL} '
current_state:state<State_Model> s
lel_data:integer
test_cntinteger
lcl_step integer
%
il tst_init m testl i) test2 i
{2, TINIT} {3, TEST1} {4,TEST2}
current_state state<State_Model> current_state:state<State_Model> current_state:state<State_Model> 5
st oI 2 nr san . SRS A . o s D w»wwwwi
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[ 1. start ]

HAL4: test_en/...

(2. get_config \
tntnf/
. HAL2: AOT
HAL1: new_sample /
/ HAL6: EOC/ ... :
¥ ﬂl END_test \

/3. DATA_gen \

entry/
entry/ LOG::LogInfo{message:"Test Passed");
/ ARCH: :shutdown();

self.test_cnt = self.test_cnt-1;
LOG::LogInfo{message:"Current pas...
self.lcl_data = self.lcl_data + self.lcl_...
send samples::sample_ready(data:se... HAL2: AOT
/f
if (self.test_cnt > 0)

create event instance el of HAL1:n...
\t=TIM::timer_start( microseconds:1... Wy,

HAL1: new_sample



xtMDL - Test Classes

/1. Start A

6. Condition_1 N
entry/

entry/

select any hal from instances of HAL;
hal.lcl_step = 2;

hal.test_cnt = 3;

generate HAL1:new_sample to hal ;

next_cond::sample_HAL

J

next_cond::sample_HAL

G. Condition_2 )

entry/ entry/
select any hal from instances of HAL;

select any hal from inst...
hal.lcl_step =-.2;

generate HAL2:AOT to ...
hal.test_cnt = 7;
generate HAL1:new_sample to hal ;

/4. EOT N

next_cond::sample_HAL
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rthuild()

select any hal from instances of HAL:;
hal.lcl step = 3;

hal.test_cnt = 2;

HH = (=R 0 -
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system: Component Package

select any hal from instances of HAL;
generate HALl:new sample() to hal:
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%% xtUML Debugging & EDGE Projects | **} xtUML Modeling

. “ RDR_B2B: Class Diagr 1 | TestCases: C|

elect any rdr from instances of RdrBZEB;
if (empty rdr)
create object instance rdr of RdrB2ZE:;

data:i_PE_EventInfo)/...

end if;

1 ; ; "\ pCoord::Restart_RDR

[ lf] create object instance mode of Mode: pCoord::Restart_RDR/...

el relate rdr to mode across R4;

|l mode.initialize():

| send pDM::get RDR Params():

. v
> XEOMC Debugaing 7 EDGE Projects | XEOML Modefing -
E initialize: Operatio &5 . ] RDR_B2B: Class Diagr 1 * TestCases: Class Dia 16'5 runDropDetect .

O create object instance dropDetection of DropDetection:;
relate self to dropDetection across RZ;

“l | dropDetection.initialize():
e N ‘ |~ “

create object instance lowRateDetection of LowRateDetection;
relate self to lowRateDetection across R3;
lowRateDetection.initialize();
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next

destroy: Operation Activity ] (§. RateDrop: State Machine State Activity ] 6 startDetection: Operation Activity ] 6 sendPacingEngineEvent: Operation Activity T d startIntervention: Operation Activity ] 6 Suggest_LRI::TestCase in RateDropDetected t:,:“

Interval
{8,Interval}

R&

valueinteger

previous

, — - ol

update{newvalue:integer):void

@

AL, Intervention
{9,Intervention}

hC RdrB2B Al Mode
{1,RdrB2B} {6,Mode}
current_state:state <State_Model>
1 R4 0..1 |opBradyLRIL:integer
S operaesTn pRdrInterventionInterval:integer
initialize():void
startDetection():void
startIntervention():void
R1
L DetectionMode L InterventionMode
{7,DetectionMode} {2,InterventionMode}
current_state:state <State_Model> current_state:state <State_Model>
initialize(void RdrLRI:integer 1 R7
initialize():voi ConsecutiveAsense_DD:integer - -
destroy():void is enabled in controls
initialize():void averdrive
destroy():void with
1 | isenabledin 1 | isenabledin
R2 R3
finds drop in rate finds periods of low
with rate with
1 1
L DropDetection L LowRateDetection
{4,DropDetection} {5,LowRateDetection}
RS PeakRateInterval:integer ConsecutiveAsense_LR:integer
1 0..1 |current_state:state<State_Model> ConsecutiveApace:integer
DropDetectCount:integer ConsecutiveVpace:integer
current pRdrDropWindow:integer pRdrLowRateBeatsToDetect:integer

timer:inst_ref <Timer >
pRdrDropRatelnterval:integer
pRdrDropSize:integer

initialize():void
destroy():void

DropDetectEventCalculation{data:i_PE_EventInfo):void
DropDetectTimerCalculations(): void

current_state:state <State_Model>

destroy():void
initialize(): void

current_state:state <State_Model>
timer:inst_ref <Timer >
pRdrInterventionDuration:integer

initialize(): void
destroy():void
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¥ xtUML Debugging ¢ EDGE Projects | %% xtUML Modeling -

N <oj= RateDrop: State Machine State Activity ] @= startDetection: Opg,

Okelect one dropDetection related by self->DropDetection[R2]:
unrelate self from dropDetection across RZ;
dropDetection.destroy();

Croy: Operation ACCivICy

select one lowRateDetection related by self->LowRateDetection[R3]:
unrelate self from lowRateDetection across R3;
lowRateDetection.destroy ()

delete object instance self:
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