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AADL - basic elements

pesssssssnenannnnnney
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identifier ;.....................E é ::::::g - :
« extends {component_type} s ports H H group ¢
s featureSunnnnnsnnnnnnnnnsn ------u)i * access E S_ZP_r?_c_e_s_s _______ E
« flows 2 subprogtram : : « memory :
* properties e} vdevice :
A ~ : *processor
/ *o ~ - : +bus :
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o, ~ - i - system :
*o, -~ - Pessssussnnnsnnnnnnnd
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~ « | Package
. . public
Component implementation e R, - declarations

Property Set identifier
property tYP?ﬁ . « extends {component implementation}
property definitions « refines type

private
- declarations

s « subcomponents : . port
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\ « call sequences : * parameter
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AADL - representation

AADL Textual AADL Graphical

thread data_processing — - —
features |

raw_speed_in: in data port; H )
speed_out: out data port; data_processing '-
Properties I

Period => 20 ms; J
end data_processing;

_-_—-d

XML

Application Software

<threadType name="data_processing">

A device

<features>

direction="out"/>
</features>

——

<dataPort name="raw_speed_in"/> E thread group !~/
<dataPort name="speed_out" -

Execution Platform

memory

, thread 1
/] ﬁm

processor I

Composite

bl

package
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Navigate Search Project OSATE |Analyses Run Window Help

2 I Architecture »

47 ¥~ 5 Semantic Checks »
B Scheduling >

m Security 3

u.cmu.sel.osate.e

ample Fl Check Flow Latency

amplel

» aadl

(= packages

(= propertysets
testability.aadl

board.aadl

comp.aad|

comp2.aad|
Connections.aadl

¢ new_system.aad|
sampleSystem.aad|
typical_data_access.aadl
» aaxl

(= packages

(= propertysets

£ board.aaxl

:&;_ board.aaxldi
B comp.aaxl
:&L comp.aaxidi
B comp2.aaxl

FlHex » XL s M~

Connection binding consistency
Weight totals

Model statistics

A429 Connection Consistency
Port Connection Consistency
Check Miss Rates

Analyze Bound Bus Load
Analyze Bus Load

Analyze Bus Power Draw
Analyze Resource Allocations
Analyze Resource Budgets

N @@

ad M3;
ad M3;

vi->M4
v3->M1

v3->M2
v3->M2

ot ot ot of ot

.impl;

process process2
end process2;

process process3
end process3;

new_system.aadl 22

.in3;
vZ2->M1.

in2;

.in3;
.inl;
.in2;

process implementation proces.
end process3.impl;

process implementation process2.
end process2.impl; L
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Information transfer graph (ITG)
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é transition : . . ,
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ITG - flows
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Information theory

H(X)

HX.Y)

H(Y)
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Information channel

* Channel capacity C(X,Y)
—1s maximum of transinformation T(X,Y) over all possible dis
tributions of X

—Module capacity C(M) = C(X,Y)

—Line channel C(X), Y =X

X Y
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Channel capacity - transition properties

C(Y) = C(X)

Xi X]

C(Y) = min [C(X;,X)), ny]

I

Yi Yj

C(Y;) = min [C(X) , n}]
C(Y;) = min [C(X), n;]

C(Y,,Y;) = min [C(X), n; + n]
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Transinformation - properties

T(Z: Vi, Vij )<min[7(ZXi X)), C(Vii )+ (Vi) ]

To reduce complexity, upper bounded transinformation T is introduced

7' (Z Vi, Vi) )=min|[T(Z X, X)), C(Vii )+C(Vi)) ]

T’ can be solved using “min-cut, max-flow” algorithm.
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Testability as controllability and observability

—

req2 Total controllable
A o — Total testable

> Total observable
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Testability as controllability and observability

System Instance Diagram : board:board.impl / unnamed

<<Dagte>>
input2 input
«Dm»—L{q R

Cannot D03 D47

guarantee all r
pOSSlble <«<EventData>

input
combinations

<<EventData>>

<<EwventData>>

<EventData>>

; <<EventData> inputs
incr ﬁIIB
<<Data>>
<<Data>>
oulput
<<Data>> g oo
803 B47 Less controllability => less testability
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Testability as controllability and observability

System Instance Diagram : board:board.impl / unnamed

<<DT._,>>
<<Dagte>

Some state of
the system
might be
internal an not

oot observable
Qo3 e <<EwventData>>
D03
<EwventData>>
<<Dagta>>
input3
decr incr <<EventData> =
EO03 <<Data>> <Data>>
S03 E03 sSo3 B
<Data>>
u
«Date> | e gar Less observability => l‘esis testability
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Measure testability using ITG

Let F is any flow in the ITG, M 1s a module in flow F
Xyt Inputs of module M
Y,;: outputs of module M
Sg: inputs of flow F
Og: sinks of flow F

CO(M) =2 7T (SJF, XIM )— C(XIM )

OB(M) = 2TT(YIM ,04F )—C(YIM)
TE(M) = CO(M) X OB(M)
0 <CO(M), OB(M), TE(M)<1
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Theory Exposition

-
« AADL instance model

« AADL instance connection
« Convert AADL instance model to ITG

« Calculate upper bounded testability
» Calculate controllability
» Calculate observability

« Calculate channel capacity
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AADL instance model

System implementation |€ System instance

v/\\ l/\

Application Execution Platform Application Execution platform
Subcomponent Subcomponent system instance system instance

* /\\
/
Process Process
component component
instance instance

'l- Thread | I cc':omponent *\.I‘ Thread 1
; component ! |_ instance

omponent ' 1_ TSETET a component !
I_ instance ¥ instance
Feature mstancg Connection instance |
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AADL instance model - Connection instance

Port connection instance

Feature instance

&

Connection instance

Mode transition connection instance

Destination

Access connection instance

Source

Component Instance
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AADL instance model - port connection instance
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AADL instance model - data access connection

Access
Provided data connection Required data

dCCess dCCcess

state //lb i A

Semantic
access
Shared connection User of shared data
data
Provided Access : access enumeration (read only, write only, read write, by method) => read write
applies to (data, bus);
Required Access : access enumeration (read only, write only, read write, by method) => read write

applies to (data, bus):

Treat data access connection instance as port connection instance:

* Consider source component instance of a data access connection as feature
instance of a port connection instance

* Direction of the connection depends on type of access (readable or
writable)
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Convert AADL instance model to ITG

/—‘ﬁ - Input elements
b % « IE] = {connl}
conn3 Qonn‘t ® IE2 — {COIlIlZ}

input2 inputd
conn2 r
/:@ os e wpws* IE3 = {conn3, conn4}

-\ X

in tt;ﬂ connl B conn? £ ut2 o IE4 G {COHHS}
ain | e IE5 ={conn6,conn7}
po p conn8 5::/ 4 IE6 :{COHHS, COIln9}
po = ase | o [E7 ={connl0}
connll pors inputs
e port{ connlO utl
portd port9

w v output3
connls
=
connl2
connl6 -
ouput?
) ) connl3
L n connlé4

outputl

LRy
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Convert AADL instance model to ITG

input3
} o otZk

h conn3 30nn4
input2
T

conng

out

inputd

- Input elements
* [E1 = {connl}
« [E2 = {conn2}
* [E3 = {conn3, conn4}

2 I s |39] * IE4= {conn5}
. * IES ={conn6,conn7}
P . >~ + IE6 ={conn8, conn9}
N = —tage | o JE7 ={connl0}
conn11 oot inpute
o 8 gp°"{ cori0 L J - Input groups
R - IG1 = {IEl, IE2}
. 1G2 = {IE3}
v V) o * IG3 = {IE4}
r v/ . 1G4 = {IES, IE6}
- 1G5 = {IE7}
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Convert AADL instance model to ITG

inputs
conn? > 5
input?
conn
utl
conn9
po 4 gut?
connll .
porné inputb
port?
pon{ connlO utl
portd port9
w v output3
connls
=
connl2
connl6 .
ouput?
) connl3
il connlé4
outputl

i

- |
in2

- Input groups

« IG1 ={IEI, IE2}
« [G2 = {IE3}

« IG3 = {IE4}

» IG4 = {IE5, IE6}
« IG5 = {IE7}

- Input hypergroups

- THG1 = {IG1, IG2, IG3}
. THG2 = {IG4)}
. THG3 = {IG5}

26 / 46

CLEMS@N

School of COMPUTING




Convert AADL instance model to ITG

- Input hypergroups
« [HGI = {IGI, IG2, IG3}

input3
} o otZk

| ( Vs - HG2 = {IG4}
r:ﬁ + THG3 = {IG5}
nS inputs
i";ut tL e \ conn? < odl
p¥it input?
e B « [ _ Input supergroups
conn11l pors " inputé 5 * IHG1:
Pt T _ ISG1 = {IG1, IG3}
_— _— — ISG2 = {IG2}
. . + HG2;
conn12 S n — ISG3 = {IG4}
ouput? =  [HG3:
/ Y m'%] o — ISG4 = {IG5}
outputl

i

- |
in2
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Convert AADL instance model to ITG

input3
outl out2
\ 7 W/

inputs
outl
« out2

- conn3 conn4 )
input2 input4
connS TR
inputl conni conn?
! outl >7’
main
ortl port2
P P conn8
port3
conn9
portd

Fonnll }

ol

input?
outl
< out2

6 inputb
n?
ports conn10

connl2

tput3
hl
he

/

ouput?
‘ ‘!1 in'o!i )Jnn 3

N/ )/
connls
connl6
cennls4
v_outPL‘v_
lln n -]

- Output Elements

* OEl1={connll, connl2}
* OE2={connl3, connl4}
* OE3 = {connl35, connl6}
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Convert AADL instance model to ITG

input3
outl out2
\ 7 W/

conn3 conn4

input2 input4
conn2 4
connsS

inputs
outl
« out2

conn6
inputl conn?
@ -
main
ortl port2
P P - conn8
po
conn9

portd

input?
outl
< out2

connl2

] v ouput2 in? )Jnn

11
Fonn }nﬁ inputb
n?
y ports conn10 -

output3

- Output Elements

* OEl1={connll, connl2}
* OE2={connl3, connl4}
* OE3 = {connl35, connl6}

- Output groups
* OGIl = {OE1}
* OG2 = {OE2, OE3}
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Convert AADL instance model to ITG

\@/ 5 ¥

Functional input analysis

€ Vg 2 €

FI =IHGI1 * [HG2 * IHG3
= (ISG1 +ISG2) * ISG3 * ISG4
= ((IG1 * IG3) + IG2) * IG4 * IG5

= ((IE1 + IE2) * IE4) + IE3) * (IES + IE6) * IE7

Functional output analysis

FO =0GI1 + 0G2
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Convert AADL instance model to ITG

Final specific model for “main”
p

input3
outl out2
W W H
inputs out2 )
. conn3 conn4
input2 inputd
conn2 4 I
conns conné
inputl conn?
main

1t
portl portz conn8
port3
conn9
portd
connll
| port6 inputs
i port7
ports conni0
ortd ortd
p" p' output3
connls
inl
connl6é .
in2
connl3
connl4
outputl
in1 in2
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Calculate upper bounded testability

CO(M) =2 1T’ (SJF , XIM )— C(XIM)

OB(M) = 27T/ (YIM ,0F )—C(YIM )
TE(M) = CO(M) x OB(M)
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Calculate upper bounded testability - transform

t1 t2 t3
I
M::C(M)
Y _ Y
t4 t5 t6

t1 t2 t3

C(M)

()

l*l L J I*l

t4 t5 t6

CXIM )=C(XiMT )

C(YIM )=C(M)
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Calculate upper bounded testability

Calculate controllability

Add super source SS, connect SS to all sources

v

Add fiction edge u, from M’ to super sink SO

l

Find max flow from SS to SO

TT (SUF, XdM)=TT (SS, XiMT )=flow|
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Calculate upper bounded testability

Calculate observability

Add fiction edge v, from SS to M’

|

Connect all flow sinks to SO

v SUPER SINK
Find max flow from SS to SO

T (VIM, OLF)=TT (ViM' , SO)=flow(vir
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Calculate upper bounded testability

Calculate channel capacity > Build ITG

y
Connect all flow sinks to SO

Channel capacity

Module capacity Line g)élpacity

y

Connect SS to all flow sources

Upper bounded
Statistics Exact calculation transinformation Data type
method

/

C(M) = max_flow(SS,SO)
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Experiment results

> AADL - Example/aaxl/memory_access_connections_sys_impl_Instance.aaxl - Eclipse Platform W
File Edit Navigate Search Project OSATE | Testability | Analyses Scripts SmartQVT Run AadlEditor Window Help

il HT -Measuretestability } ) ’.A. | * . ﬂ | ﬁ;s éﬁl = ﬂ % = o ‘gn = - T Eﬁﬁ’ Java >

& Instantiation Marker (100 of 104 items)
comp2_sys_impl_Instance.aaxl i

comp?2.aaxl

Testability measure marker (14 items)
i; Analyzing board_board_impl_Instance for testability measure
Analyzing connections: decr -> reg2
Analyzing connections: incr -> reg1
Analyzing connections: input -> REG
Analyzing connections: input -> REG
Analyzing connections: input2 -> regl O
Analyzing connections: input2 -> reg2 O SATE plugln
Analyzing connections: input3 -> regl
Analyzing connections: REG -> decr

Analyzing connections: REG -> incr

E.‘é p°'19’°UP~3aX| ~/ i- Anahmina rannectinne REG > andnit W
< > < >

T
| v &l va G- v 4 <AADL>
| 42 AADL Navigator 53 = O| @ extension.aadl ‘E:— memory_access_connec R _7“»31 = B(5% Outline 52 ¥ = 0|
| B 5 ¥ platform:/resource/Example/aaxl/memor...ss_connections_sys_impl_Instance.aax| 4 System Instance memory_access_conn
' extension.aad| A 4 System Instance memory_access_connections_sys_impl_Instance => System Impl sys.i a prov!ded_data: Data Instance provic
" memory_access_connections.aadl [ provided_data: Data Instance provided_data £7 required_data_process: Process Inst
Portgroup.aad| {7 required_data_process: Process Instance required_data_process
sampleSystem.aad| <4 Access Connection Instance: memory_access_connections_sys_impl_Instance.prov
typical_connections.aadl 4 System Operation Mode No Modes:
typical_data_access.aad|
typical_data_connections.aadl
typical_event_data_connections.aadl
a4 5= aaxl
f (= packages
b vE}- propertysets s sl < >
i /i board_board_impl_Instance.aax | y - : —
EZ board.aaxl £ Problems £2 . [ Properties| ] AADL Property Values | ¥ =08
2 comp_reg_comp_reg_impl_Instance.a 0 errors, 127 warnings, 14 others (Filter matched 137 of 141 items)
v £ comp_reg.aaxl Description . A
! E‘l‘ comp_sys_impl_Instance.aax & AADL Semantic Error Marker (23 items)
' B comp.aaxl
=
]

! Connections_scale_data_sys_impl_Inst
" £ Connections.aaxl

4 El ECR_comp_ecr_comp_impl_Instance.:
' B ECR_comp.aaxl

£ extension.aaxl

] memory_access_connections_basic_c

A

v |
B2 memory_access_connections_sys_img
i

memory_access_connections.aax|

2 Portgroup_sys_im_Instance.aax|

STEsE S EEE

o Example/aaxl/board_board_impl_Instance.aaxl
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Experiment results

<EventData>>

input3

<<EventData>}

System Instance Diagram : board:board.impl / unnamed
<Dt
T input? input
<Dt k R
D03 D47
<<EventData>> <<EwventData>>
req?
<<EventData>>
Qo3 e <<EwventData>>
Do3
REG
E03 E47
<<Data>>
503 547
decr incr
E03 <<Data>> <<Data>>
503
<<Data>>
oufput
<<Data>>
B03 B47

103
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Experiment results
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Experiment results

Flow 1 information:

Controllabilities: Observabilities: Testabilities:

CO(regl) = 1.00000 OB(regl) = 1.00000 TE (regl) = 1.00000
CO(REG) = 1.00000 OB (REG) = 1.00000 TE(REG) = 1.00000
CO(decr) = 1.00000 OB (decr) = 0.35355 TE (decr) = 0.35355

CO(reg2) = 0.57435 OB (reg2) = 1.00000

TE (reg2) = 0.57435

Flow 3 information:

Controllabilities: Cbservabilities: Testabilities:

CO(REG) = 1.00000 CB (REG) = 1.00000 TE (REG) = 1.00000
CO(incr) = 1.00000 OB (incr) = 1.00000 TE (incr) = 1.00000
CO(regl) = 1.00000 CB(regl) = 1.00000 TE (regl) = 1.00000
CO(decr) = 1.00000 OB (decr) = 0.35355 TE (decr) = 0.35355
CO(reg2) 0.57435 CB (reg2) 1.00000 TE (reg2) 0.57435
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Related work

* Framework for model based testing AADL models (6)
* Test case generating based on AADL system compone

nt modes (7)
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model based
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development
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Summary and future work

Summary

* Develop a testability measure method for AADL
models

* Develop a plugin for OSATE that automates the
testability measurement.
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Summary and future work

-

Future work

* Deal with control flow
« Extend for execution platform

 Utilize the plugin
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Question
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Thank you!
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