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Motivation

To verify deterministic avionics network device
* Thousands of virtual links with large number of configuration options

Orthogonal Array (OA): formal test generation technigue which reduces the number of test cases with respect to
coverage of all test space

Orthogonal array types:
e Same level OA
* Multi-level OA

In this work, we present an approach: «Chained OA» is based on multi-level OA
* Multiple and consecutive applications of multi-level OA’s

* Allows for preserving the number of combinations for a set of selected features
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ARINC 664 — Avionics Deterministic Network

* ARINC 664 has 3 main elements:
e Switch
* End system (ES)
* Virtual Links (VL)

Primary Switch

* DTN switches have different functions
* Filtering
* Policing
e Switching
e End System

Secondary Switch

* Switch configuration parameters :
* Numbers of VLs

Service Link
= = — Redundant Link

* Source and destination end systems
* Minimum (L,,;;,) and maximum (L,,,4,) frame sizes
* Bandwidth allocation gap (BAG)
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Orthogonal Arrays

F (Factor): number of columns in OA,
where each column corresponds to a
variable of an experiment

* L (Level), representing the number of
distinct values that a factor can take

* S (Strength), the number of rows needed

to cover S-wise combinations of N: Number of
variables Experiments F: Factors L: Level S: Strength

(Runs)
e Same level orthogonal array:

e All factors have the same numbers of

level
Formula:
* Mixed level orthogonal array: Lpyns (LevelsFactors
* Each factor may have different number
of levels
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Example of Same Level OA

* An example OA:
OA(4,3,2,2)—N:4,F:3,L:2,S:2

H
w

e Number of all combination:

o level/actor = 23 - g (see in Table A)

» After applying OA(4,3,2,2), number of all
possibilities :

o levelStrength - 22 (see in Table B)
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1 0 0 0 0 0
2 0 1 0 1 0
* The example OA is shown: 3 1 0 1 0 0
OA(12, 2% 31, 2) 4 1 1 1 1 0
« N=12,F,=4,F,=1, L; =2, L, =3 and S=2 5 0 0 1 1 1
* The total number of combinations: 6 0 1 1 0 1
LevelFactor. 24 y 31 = 48 o - i 0 5 5 0

» After OA application: Level :
22 x 31 :22 (see in Table) S ! ! ° ! !
9 0 0 1 1 2
10 0 1 0 0 2
11 1 0 0 1 2
12 1 1 1 0 2
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Incoming Outgoing

Lax Priority Vlsto a VLs from a

Port Port

1 1 64 1518 High 192 192
2 2 128 1400 Low 384 384
3 4 150 1300 576 576
4 8 200 1200 960 960
16 300 1100 | 1152 | 1152
32 400 1000 1920 1920
64 512 900 2880 2880
128 750 800 3840 3840

C= 81152 X 81152 X 81152 X 21152 x 4

C is the combination number of VL configuration parameters for 1152 VLs
OA generates only one configuration file for this table
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o [ o [vors | vorca [l 0/l L7 )
192 192 192 192

384 384 384 384

576 576 576 576
960 960 960 960

1152 1152 1152 1152
1920 1920 1920 1920
OA Result for OA
2880 2880 2880 2880 4
e R N RE— 0441(256 872) -----

Runs 1 192 960 1920
Switch supports 4096 VLs MU & 276 —— 122 384
Runs in 04,4, with higher VLs are eliminated
256 rows reduced to 143
Runs 143 1920 960 576 192
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Chained OA with Regulated Test Space B = EEREITIEE""1

No. of BAG .
Ports — Lnin Linax Priority
1 1 64 1518 High
2 2 128 1400 Low
3 4 150 1300
4 8 200 1200

16 300 1100

32 400 1000

64 512 900
128 750 800

0A;1(256 8*2)

‘ 143 x4 =572
Total OA
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Results are reported to
monitoring tool

Real-Time
Progress
Monitoring & Test

Tests are run with
generated OA

Test Case Configuration
Generation :> & Test Script
By Chained OAs @ Generation

1 U

OAs are generated for
test cases by chained
method

OA files format are
converted to configuration

file format to upload AIM

and switch
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DODSIS
ConfigName Passed Fail  NotRun ElapsedTime LastFinishTime Status
Cumulative Result 1 Configl 3:35:21 1:40:27 run
24.2% 2 Config2 2:43:46 1:11:42 Idle
£8.270 4| .
3 Config3 2:38:38 1:06:34 Idle
15.2% 60.6%
@ Pass B Fail @ Not Run
Group Passed Fail NotRun ElapsedTime LastFinishTime Status
1.\ Filtering Function l 1:10:35 0:00:01 Idle
Configl 2 Policing Function Y 1:08:32 0:00:00 run
3 Switching Function 0 1:11:06 0:00:00 Idle
40.91% 4 Basic Communication 0 0 0:05:08 0:00:00 Idle
54.55%
4.55%;
Test Passed Fail ElapsedTime LastFinishTime Status
y CrcError 1 0 0:57:14 0:02:34 idle
Filtering Function 2 FrameSizeOver1518Error 1 0 0:01:02 0:03:36 idle
28.57% 3\ FrameSizeUnder64Error 1 0 0:02:40 0:06:16 idle
- | - .
‘ 4\ FrameAliError 0 1 0:02:30 0:08:44 idle
57.14% 5} FrameLMinError 1 0 0:02:45 0:11:31 idle
14.29% 6! FrameLMaxError 0 0 0:01:50 0:13:21 _idle
7} FrameMacConstError 0 0 0:02:34 0:15:55 idle
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* Major OA methods can be inadequate for DTN switch test spaces. That’s why, Chained OA is

developed to use for DTN parameters.

* Chained OA reduces the number of configuration with respect to coverage of all test space.

It produced 572 different configuration files for DTN switch.

* Future extension of this work includes development of OAs that incorporate parameters defined
for single and multiple end systems and reliability test suites for interoperability of switch and end

systems for avionics applications.
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