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Understanding Value of Tool Chains -

Example Thread
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Project planning H Wh ’
Requirement management H |S/I ats the Value
. Requirement modeling H oy
Starts W|th mOdeI Requirement simulation | S Of the Capabl|lt)'?
. CI . I . Design modeling H
creation and simulation, > |Design simulation H S
Concurrent modeling . o[
and then model Pro ficall S f
perty specification S H [H U aves signi Icant
. _————*|Model transformation H H I U
transformation ; = human effort
/Cpc_ie_ generation : H y
. Disjointness checking | H .
enables code generation Race conditon checking , x increases
test vector generation, B ALl : 1  consistenc
Satisfiability linear H L W Y
: ; Satisfiability logical H S /' |u . oo
test driver generation, Athmelc xoeptons . 7 0 identifies defects,
H Prove properties | H S
test exeCUtlon’ and Concurrency analysis S / aSSESSES
1 Test sequence generation H A S
test coverage analysis, o T S / completeness,
1 -1tO- Test driver generation H |14 H
with model-to-test \Model e o s/ covers entire
ili Test coverage analysis H H [H :
traceability Test coverage Hl Y life cycle
Key: Categories Test results analysis H [H H |H
H: High - relatively complete [ [ Model-to-test traceability I H
S: Some Model standards
; Code standards H H |H
L: Low i Model management
U: Unknown - possible Confirmation management
A: Absorbed - unnecessary Test management A |H U [u
I: Provided through tight tool integration Embedded Target Testing H U |U




T|VIEIC Focus Area of Comparison Related to
Analysis
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Project planning H
Requirement management H [S/I
Requirement modeling H
Requirement simulation I S
Design modeling H
Design simulation H S
Concurrent modeling
Property specification S H |H U
Model transformation H H |l U
Code generation I |I |H
Disjointness checking | H
Eace condition checking [ H
Satisfiability non-linear H U
Satisfiability linear H L U
Satisfiability logical H S U
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Prove properties Il
Concurrency analysis I |l |S
Test sequence generation |
Test vector generation
Test driver generation
Model coverage

Test coverage analysis

Key: Categories Test execution

High - relatively complete Test results analysis
Some Model-to-test traceability [ I

Low Model standards

. Code standards H H [H
Unknown - possible Model management

Absorbed - unnecessary Confirmation management
Provided through tight tool integration Test management A
Embedded Target Testing
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T|VIE|IC, Example: Hierarchical Model with Non-linear
Floating Point Operations and Constraints
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File Edit Wiew Simulation Format Tools Help =, . . ) ) ) X . : -
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Extends Original Hierarchical Model with
Inconsistent Linear Constraints
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:T!ViE‘C} Potential Error Highlighted on Simulink
Diagram

« Constraints introduced at this level of model not
satisfiable down through the other hierarchical paths
of the lower-level subsystems

Uncovered DCP Paths

DCP Number DCP Path Failure Detection

hierarchical_model_roat, hierarchical_model_roat_FE__ 1, cv_hierarchi

B hierarchical_model_root_RP__1=<2=> hierarchical_m _rl:u:ut_F{I_:'_El, R_F'1_2, N Vector Generatar

E—! hierarchical_model

File Edit Wew Simulation Formak Tools  Help

L EE&E b= f100 ol

Failure Analysis
All inputs to AND gate must be

> Ot —

4l _~ TRUE
L

=5

parent_xy * Requiresx>0,z>0
| » * Requires h_child_2 xy and
R h_child_2 yz be TRUE,
P which requiresy <=0
73 o .
( gt 0  Resulting in contradiction between
Canstant - top level system logic and logic

0 W across 2 subsystems

Ready 100%: FixedStepDiscrete




: T!ViE‘C} Test Generation s A ¥Byproduc’:t'
Of Model Analysis

« Vectors do not cover all paths when there are
Inconsistent constraints

# |_ouput| = v i
1.5 ¢ 0 C-10 (e 1]
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For complete AND coverage
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TIVIE|C
Non-linear Non-Satisfiability

Vector Gen Error # 1
DCP # / Fix Point Location / Fiz Order 1 LOWY BOLINMD SPEC_SEQUEMTIAL
Reason For Error / VG Stage / Time Period| Anthmetic Relation Failure GROUND_LEVEL_FCF T=0
58S File Constraint Name child fxy'child fxy 1 LS
58S File Constraint Location child_fuy. 55 Line #33 Column # 24
Oocurance at UL = 3488
) ) fo:FloatType [ 3.0e4+000 .. 1.0e+4+001 ]
35 File Constraint fx:FloatType [ 0.0e+000 .. 2.0e+000 ]
Input Domain .
fyv:FloatType [ 1.0e4+000 .. 1.45e4+000 ]
Test # | Ve
1 Failed Pre-Condition Relation cv_equal_to \
5 Exact 55 File Location child_fuy. 55 Lind & 19 Column # 22
3 Oocurance at UL = 3488
2 fo:FloatType [ 3.0e4+000 .. 1.0e+4+001 ]
Input Domain At Error INTEEM 00354 000:FLOAT3IZ [ 0O.0e+000 LSe+000 ] [l scope = O0xS50004
5
6 & THUE = 1 TOe+00 |1.27 ¢ fae+U00 | ¢ B2e07e+000
T T TRUE =1 3.00001e+000 |1 66667 e+000 1 Be+000
a E TR”E = 1 -1 |:|E+|:||:|-1 I I N o [ [ I e [ T T P T
9 9 TRUE =1 300001 E+IZII:IEII 2 05556e+000 |1 459462+000 \
10 10 TRUE =1 9.99999=+000 | 2.05556e+000 | 4 564535e+000
1 1 TRUE =1 | 3.00001+000 | 2 44444e+000 |1 227 28e+000 E‘Eha;‘:‘r: s ey mshn e e ddels sy
12 12 TRUE =1 1.08+001 | 2.444442+000 |4 090922+000 2 Assiprment | \ Condition
13 13 TRUE =1 2.9999%9:=+000 | 2 833333e+000 |1 .05332e+000 1 TRUE \:;:E.d_fxy \
14 14 TRUE = 1 1 De+001 |2 B3333e+000 | 3.5209426+000 child fx¥y 2
IND (fy <= 1.45
15 15 TRUE =1 3.0e+000  |3.222226+000 | 9.310358-001 OR fy <= 1.5
16 16 TRUE =1 1 Oe+001 3.20022e+000 | 3. 10345e+000
117 17 TRUE =1 3 .0e+000 JET111e+000 | 5.307692-001
18 18 TRUE =1 9.99999=+000 | 3.61111e+000 | 2. 7532 3e+000
19 19 TRUE =1 3 .0e+000 4 Oe+000 T Se-001
20 20 TRUE =1 1 De+001 4 Oe+000 2 Se+000
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Non-linear Non-Satisfiability

Wiews  Simulation  Format  Tools  Help
HE| fBR (e 4|2 » =00 [Nomal =]/
7 g il il
7 B8 il il
B 5 02 1of6 0/3 o 12
non_linear_relation
5 5 0/2 Aofs 103 0 10
L 2 04 0\| o0 0 4 AND ——— {1 )
1 2 010 0 \ o1 0 2 e Dutt
- - ogica
g 00 m 0m g \DlIfD g 12 relational_constraints Dp:rator
B | oo B 0/0 0 o 0 5 "
TP B g
Relational
Con#ant Operator
[FixedstepDiscrete
Vector Gen Errory 1
5 \ LOW_BOUND SPEC_SEQUENTIAL
Asithmetic Operatar Failure N\ GRrRounD_LEVEL FCP T>0
non_linear_relation’RF1 \ /
non_linear_relation. 55 \ Line #Sﬁ Column #24
Oocurance at UL = 10429
INTERM ©Outl oFort:booleanlintd 1 .. ] [l scope = Ox70002
®xf iPort:FloatType [ 1.1e-004 ..WZ.0=+000 ]
yf iPort:FloatType [ 1.0=+000 .. 1.45=+000 ]
cw_multiplication_of
non_linear_relation. 55 Line #17 Column #43
Oocurance at UL = 10429
INTERM 02018 0O13:FLOAT3Z [ 3.0e+000 .. 1.0e+00Z ] [l scope = 0Ox70004
®xf iPort:FloatType [ 1.1e-004 .. Z.0=+000 ]
yf iPort:FloatType [ 1.0=+000 .. 1.45=+000 ]




Non-linear Satisfiability Example

« Seeded defect defines a subspace that is not within
the subdomain of the other modeled subsystems
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T|VIEIC Measurement Data Derived Directly from
Models and Associated Automation

Subsystem Compilation Test Vectors Coverage Test Results
Untested VectorCAST
DCPs |Warn/Err | Vectors| Warn/Err DCPs Warn/Err| Failures| Comparisons Metrics
Unit Subprogram Complexity MCDC Coverage MCDC Pairs
[:hild_xy 7 0a ﬁ 01 g 00 g g hierarchical_maodel hierarchical_model_child_yz 1100% (1 /13
hierarchical_model_step 1.100% (1413
child yz 7 0ma a oma o 0 o 8 ezl sl il 1100% ¢1 41
hierarchical_model_linear B 0/0 5 02 | 1of6 | 03 0 5 T A YT
hierarchical_model_non_linear 5 0ma a9 02 1o0f5 03 o o] — hierarchical_morel_chid_xy 1 00% (1)
hierarchical model_non_linear v1_root| 1 0m 2 )JD /! 00 a 4 — s e e - 133;12;;:
non_linear_relation 1 0ma 2 // IRH] ] 010 ] 2 R TOAS 5 T
parent_xy 5 §0 1w/ e 0 00 | . 10
relational_constraints B /ﬁﬂ] /ﬁ IRH] o 010 / g
.
ol L i"aﬁl /
" i Model /-
Model Generate .
A al
defect? tests

Meets test
coverage?

O
o
o
D
v

A\ 4

—Test
instrumente —><
code

All tests
pass?

A

looemmoo Test All tests >
5 " code 0ass? Success
yes Code no

defect?

no



T|VIEIC Worked with SSCI Member on a Comparison
of Design Verifier and T-VEC

T-VEC Vector Generation System
Design Verifier with Prover

T-VEC Tester for Simulink
LDRA

Real Time Workshop
Rational Test RT

TTM/SCR
Simulink
Stateflow
Vectorcast
Reactis

Tlvs Project
DOORS

Project planning
Requirement management
Requirement modeling
Requirement simulation I S
Design modeling H
Design simulation H S
Concurrent modeling
Property specification S H |H U
Model transformation H H |l

Code generation I |I |H
Disjointness checking |
Race condition checking I

I
I|w
=

I|T

|
|
I

I

Satisfiability linear
ISTianifity Togi
Arithmetic exceptions
Prove properties Il
Concurrency analysis I |l |S
Test sequence generation |
Test vector generation
Test driver generation
Model coverage
Test coverage analysis

Key: Categories Test execution

High - relatively complete Test results analysis
Some Model-to-test traceability [ I

Low Model standards

. Code standards H H [H
Unknown - possible Model management

Absorbed - unnecessary Confirmation management
Provided through tight tool integration Test management A
Embedded Target Testing
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T|VIEIC Design Verifier Did Not Produce Tests for
Some Objectives

hierarchical _model linear/child yz/L.ogical Operator
Design Verifier Report —

View
Number of Test Objectives: ......... 124 ||| Type Description Status Eest
Objectives Satisfied: ................ 73 _ . _ ase
Objectives Proven Unsatisfiable: ...11 ||} Condition Loge: mputport 1T Satisfied |6
Objectives Producing Errors:......... 40 ||F Cendition Logic: mput port 1 F Satisfied |1
3 Condition Logic: nput port 2T catished (8
4 Condition Logic: mput port 2 F catished |6
5 Mede Logic: MCDC expression for Satisfied |3
output with input port 1T =
6 Mede Logic: MCDC expression forProduced a
cutput with input M/ Ertor
7 Mede Wmemn forls ptisfied |8
utput with mput port 2 T -
9 Mede Logic: MCDC expression for Satichied |6
output with input port 2 F =

Ele Edit View Simulation Format Tools Help
O =& Test # | Yector #s |_output (z_iPort |y_iPort
1 1,3, 5,13 1 -327ER | -327ED
—.—124,—' 2 2, 8. 10,12 1 IJ2TET | 32VET
E‘i (2 3 4 0 0 J2TET
¥ L ) ] 0 32767 ]
5 T 1 1 1
B q 0 1 ATES
T_VEC VGS T 1 0 -32TES 1
& 14 1 0 ]
Vectors
Ready 100% FixedStepDiscrete
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Comparing Test Vectors

Designh Werifier Tests

Test output X ¥ z uf | yf
1| none 32760 -327B8 g27eE | 00
2 | none 32765 -32765 32765 | -1 | 1
3 | none -J2765 -32765 g27eE | 1| 1
4 | none §192 -32765 2768 | 3 1
5 | none 1 a 327EE | 31
E | none -327E85 -327E85 JFe7 | 0|0
7 | none ) -327E5 367 | 0|0
g | none -32768 32767 367 | 0|0
8 | none 327E6 32787 e/ | 0|0

Design Verifier
produced only 9 tests

T-VEC VGS - 66 tests

hierarchical_model_non_linear_v1 Project Status

Froject Filename: Chdataiblackbumlmilm_astrollm_space_20089vmodelsthiera

Total Test Case Comparisons

B3

Total Test Comparison Failures

1]

Total Test Vectors

re

66

Total Test Paths {DCPs)

50

Date Generated

04-03-09 12:57:563

ical_modehhierarchical_model_non_linear_wi.prj

Subsystem Compilation Test Vectors Coverage Test Results
DCPs | Warn/Err | Vectors | Warn/Err Ur[l;gspt:d Warn/Err | Failures| Comparisons

child_xy 7 00 g 00 1] 0.0 1] g
child_yz 7 0/ g 0/ 1) 0.0 1] g
hierarchical_model_linear 3] 00 a 02 1ofb 0/3 1] g
hierarchical_model_non_linear 5 na =) 02 1of5 03 1] 5
hierarchical_model_non_linear_v1_root| 1 na 2 oa 1] na 0 4
non_linear_relation 1 01 20 01 i} 01 ] 20
parent_xy 9 00 10 010 1) 00 1] 10
relational_constraints B 0mo g 0o ] 0a o g

14



T|VIEIC DV Did Not Prove Test Objective for Linear
Relationships

I3 hierarchical_model_non_tinear_w1/hierarchical_mode!_linear/parent_xy * =3
File Edit Wiew Simulation Format Tooks  Help Test # | Vector #s | output m ¥
hzEdS <=1 b =00 INoma E ! 1 a4z o |r-ozores|c movess T-VEC VGS

2 |2.4.6.12.96| o |ra7e7o||cqevEry | le——
3 5 0 5 || -32ves) Vectors
4 ] 1 [ 327ET ) -1
5 9 1 32763 0
6 10 1 5 32767
7 14 0 5 ( 32767 )
8 15 1 |(=zess| A
9 17 1 5 32765
10 18 1 A2TET 0

<

|Ready 100% FixedStepDiscrete

Objectives Proven Unsatisfiable

simulink Design Venfier proved that there does not exist any test case exerdiging these test objectives. This often indicates the presence of dead-code in the model. Other ¢
model due to parameter configuration or test constraints such as given using Tegt Condition blocks. In rare cases, the apprommations performed by Sinulink Design Verifie:

# Type Ilodel Item \ Description Test Case
o4 Condition hierarchical model neatfparent syTLomcal Operato\r Logic: input pott 3 F nia

a6 Mede hierarchical model linearfparent spTogical Operator Logic: MCDC expression for output with input port 1F - |nfa

&0 cdc hierarchical model linearparent swLogical Operator Logic: MCDC expression for output with input pott 2F |nfa

Gh Condition hierarchical model neatfparent sylogcal Operatord Logic: input pott 3 F nia

6 Mede hierarchical model nearfparent swTogical Operatord Logic: MCDC expression for output with input port 1F - |nfa

72 dcdc hierarchical model nearfparent swTlogical Operatord Logic: MCDC expression for output with input pott 2F |nfa

a7 Condition hierarchical model lineanT.omical Operator Logic: nput port 4 T tufa

29 Mlede herarchical model ineanT.omcal Operator Logic: MCDC expression for output wath input port 1T jnfa

21 dcdc hierarchical model lineanT.ogical Operator Logic: MCDC expression for output with input port 2T |nfa

a5 Mcdc hierarchical model lineanT.omical Operator Logic: MCDC expression for output with input port 3T |nfa

95 Mcde hierarchical model linearTogical Operator Logic: MCDC expression for output with mput port 4T |nfa 15




