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Abstract: The configuration information correctness of the integrated modular avionics (IMA) system is
an important guarantee of operational reliability. Reconfiguration of configuration information provides
conveniences for system updating and transplantation, and brings unsafe factors to system. Concerning
the detection method for the correctness of the IMA system which satisfies ARINC653 specification, the
transformation and analysis of the architecture analysis and design language ( AADL) model are re-
searched. Elements mapping rules from ARINC653 system configuration information to the AADL
model are proposed, including module, partition, process, health, monitoring, communication and oth-
er core concepts. A model transformation approach is given, and a formal semantic verification of the
configuration information correctness of AADL model is presented based on a third-party tool. Finally,
an example analysis is provided.
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Fig. 3 Configurations of ARINC653 partition communica-
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process partition— process— 1
features
pdatain: in data port;
properties
Deployment : : ASN1_ Module— Name =) "pr2”;
ARINC653 ; Sampling— Refresh— Period =) "0. 25";
end partition— process— 1;
virtual processor implementation partition — processor— 1. i
end partition— processor— 1. i;
process partition— process— 2
features
pdataout: out data port;
properties
Deployment: : ASN1— Module— Name =) "prl”;
ARINC653; Sampling — Refresh— Period =) "0. 15";
end partition— process— 2;
process implementation partition process— 2. i
end partition process- 2. i;
virtual processor partition processor 2
properties
Deployment : : ASN1_ Module— Name =) "prl”;
end partition  processor 2
virtual processor implementation partition - processor 2. i
end partition— processor— 2. i;
processor ARINC653 — Module
end ARINC653 - Module;
processor implementation ARINC653 - Module. i
subcomponents
partition 1; virtual processor partition processor— 1. i;
partition— 2 virtual processor partition  processor— 2. i;
end ARINC653 - Module. i;
system ARINC653_ System
end ARINC653 — System;
system implementation ARINC653  System. i
subcomponents
partition— 1 process partition— process— 1. 1;
partition— 2 process partition— process— 2. i3
arinc653module: processor ARINC653 - Module. i;
connections
conl: partition— 1. pdataout —) partition— 2. pdatain;
properties
Actual - Processor - Binding =) reference(arinc653module.
partition— 1) applies to partition—1;
Actual - Processor - Binding =) reference(arinc653module.
partition— 2) applies to partition— 23
end ARINC653 — System. i3
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Fig. 5 AADL graphical model of communication con-

figurations

3.2 HmAE

BT 3L WA BRI AR SCE T —A
¥ ARINC653 RS E {5 B 740 AADL &l
M7

EEOT VR RN E 6 PR L TR FR RO BA A
& ARINC653 it & {5 B 30 (XML B4 =0 L i
HJE 2R AADL BRI AR R S

ARIN(E653§\9E AADLA 5 =
(Eﬁ%’%&%@) ARINC653 it 4 22

SCPFARAT
(Dom4;j)

I AADLER
W’ 4 B (OSATE)

6 B

Fig. 6 Process of model transformation

TEX AL PG B v, B i T R T P L
H,—~ & Domdj™"™ , 2R HUEE F XML 4
g ARINC653 it &5 8 . 5 — 1 L H
i& OSATE, OSATE (Open source AADL tool
environment) "' JE— /N1 F AADL ZEBL . 45 1%
FAHT B9 FEUR T B . OSATE R 48 8 51 1y 28 1 2%
DA R A A5 26 2R AL T B DR R 4 R A &R
G T AR A A R — R, OSATE
PEAL TR A e 1, AT DA XA 42 AR 4l 4
A i AADL SCARTE AL,

A, % 8 3] ARINC653 A o o % it & {5 B
AR A 1 3 43 o AR SCIE BT 1A AR B Y 25 4
P AL B e )2l R e ] 28R i AF 5 G A S AH



926

PNEPNIE S 5546

XA B 2 R0 B CHE A & ) R A Y 1 0d 15
B o [RIE B A g B R A% S i 1) i A1 B 2R

AADL B8, ] o5 Sk 3 frow, Ho—
4328 & UML K 7 iR .

Partition

System HM_Table 1.* Partition_Memory
+SystemStateEntrys : System_State_Entry +Partitionldentifier : int
. +PartitionName : string
Module HM Table 1.* Module_Schedule
+SystemStateEntrys : System_State Entry | “*MajorFrameSeconds : float
+ModCallBack : string L )
Partition HM_Table Partition_Schedule
+SystemStateEntrys : System_State_Entry 1% 1 1 +Part%t%onldent1ﬁer : mt 1.*
+PartitionCallback : string +PartitionName : string
+PartitionName : string 1 4 4 ] +PeriodSeconds : float
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Channel

+Partitionldentifier : int
+PartitionName : string
+Criticality : string
+SystemPartition : bool
+EntryPoint : string

+Channelldentifier : int

1.

*] +ChannelName : string
1.*

Connection_Table
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Tab.3 Overview of temporary class
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Fig. 8 Configuration information validation framework
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B — > processor 4 ff CARINC653 £ Ht) 1y
ARINC653; ; Partition_ Slots {H & fl & & 5
ARINC653: : Module Major Frame {E 0%,

theorem partitions— execution
foreach cpu in processor— set do
vp : = {x in Virtual- Processor_ Set
| Is— subcomponent— of (x, cpu)};
check(float(property(cpu,
"ARINC653: : Module— Major— Frame”))
=sum(property(cpu,
"ARINC653 ; ; Partition Slots"))
and Cardinal(vp))0) ;
end;
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Fig.9 Theorem of partition time constraints
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theorem memory_— bound
foreach s in System_ Set do
mainmem := {y in Memory_ Set
| Is— subcomponent— of (y, s)};
partmem := {x in Memory_ Set
| Is— subcomponent_— of (x, mainmem) } ;
partitions ; = {x in Process_ Set
| Is— Bound- to(x, partmem)};
check(Cardinal(partitions) =1) ;

end;
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Fig. 10 Theorem of spatial isolation validation
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theorem check — partition  level
foreach src in Process— Set do
thr ;= {x in Thread_ Set
| Ts— subcomponent— of (x, thr)};
spart : = {x in Virtual - Processor_ Set
| Is— Bound— to(src,x) } 3
dpart : = {x in Virtual - Processor  Set
| Is— Connected— to(src,x) } 3
check(cardinal(src) )0 and cardinal(dst)) =0
and (max(property(dpart,
"ARINC653: ; Criticality’)) (
max(property(spart,
"ARINC653; ; Criticality”)))) ;

end;

P11 73 DX s 5% B 0 6 ik Bt

Fig. 11 Theorem of partition level communication valida-

tion
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theorem check_ error— coverage
foreach thr in Thread - Set do

prs : = {x in Process_ Set

| Is— subcomponent—of (thr, x)};
vp := {x in Virtual - Processor_ Set

| Is— Bound— to(prs, x)};
cpu : = {x in Processor  Set

| Is— subcomponent— of (vp,x) } ;
var errors : = List("Power_ Fail”,
"Module_ Config”,"Module_ Init",
"Module_ Scheduling”,"Partition— Scheduling”
"Partition— Config”,"Partition— Handler”,
"Partition Init", "Deadline - Miss”,
" Application— Error”,”"Numeric— Error”,
"Illegal— Request”,”Stack— Overflow”,
"Memory - Violation”,”Hardware - Fault”) ;
var actual— errors ;= List(
property(cpu,”ARINC653; ; HM_ Errors”) +
property(thr,”ARINC653; ; HM _ Errors”) +
property(vp,”ARINC653; ; HM _ Errors”)) ;
check(Is— In(errors,actual - errors)
and Is— In(actual — errors,errors)) ;

end;
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Fig. 12 Theorem of fault coverage verification
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Tab. 4 Partition scheduling configurations

Window ID 1.1 4.1 2.1 3.1 4.2 1.2
Patition Pl P4 P2 P3 P4 Pl
Window offset 0.00 0.02 0.03 0.04 0.07 0.1
Window duration 0.02 0.01 0.01 0.03 0.01 0.02
Window ID 4.3 2.2 3.2 4.4 5.1
Patition P4 P2 P3 P4 P5
Window offset 0.12 0.13 0.14 0.17 0.18
Window duration 0.01 0.01 0.03 0.01 0.02

(Module— Schedule MajorFrameSeconds="0. 200")

(Partition— Schedule Partitionldentifier="1"
PartitionName="system management”
PeriodSeconds="0. 100"
PeriodDurationSeconds="0. 020"

(Window— Schedule WindowlIdentifier="101"
WindowStartSeconds="0. 0"
WindowDurationSeconds="0. 020"
PartitionPeriodStart="true"/)

(Window— Schedule Windowldentifier="102"
WindowStartSeconds="0. 1"
WindowDurationSeconds="0. 020"
PartitionPeriodStart="true"/)

(/Partition— Schedule)

(Partition— Schedule Partitionldentifier="5"
PartitionName="THVM"
PeriodSeconds="0. 200"
PeriodDurationSeconds="0. 020"

(Window— Schedule WindowlIdentifier="501"
WindowStartSeconds="0. 180"
WindowDurationSeconds="0. 020"
PartitionPeriodStart="true"/)

(/Partition— Schedule)

(/Module— Schedule)

13 XML #% =45 X B2 ic B 15 5
Fig. 13 XML partition scheduling configurations
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sor #f ff partition_ 1, partition_ 2, partition_ 3,
partition_ 4, partition_ 5, 43 X B} [a] 694 Be (4 )8
PE ARINC653: ; Slots_ Allocation FiI ARINC653: ;
Partiton_ Slots 327~ . A & 46 W 43 X (5 FH R Go i B0 1
P I 5 4 WU I (8] R 1 R/ o BE X 2 G2 i 4o
25 PR YA B0 RIS AR o] — > 20 X5 RGeS 4,
e B #E — > virtual processor 4 ff (partition_
idle) . F K5 A1 B 1y 25 PR B ] 7 B oK /0 53X A4S
HA1t,

processor implementation ARINC653 - Module. i
subcomponents
partition  idle: virtual processor partition— processor— 0. i;

partition— 1 virtual processor partition  processor— 1. i;
partition— 2 virtual processor partition  processor— 2. i;
partition— 3; virtual processor partition  processor— 3. i;
partition— 4. virtual processor partition  processor— 4. i;
partition— 5
properties
ARINC653; ; Module - Major— Frame =) 0. 2s;
ARINC653; : Slots— Allocation =) {reference (partition— 1),
reference (partition— 4) ,reference (partition— 2) ,
reference (partition— 3) ,reference (partition—4) ,
reference (partition idle) , reference (partition— 1),
reference (partition— 4) ,reference (partition— 2),
reference (partition— 3) ,reference (partition— 4),
reference (partition—5}) ;
ARINC653; ; Partition— Slots =) (0. 02s, 0. 01s, 0. 01s, 0.
03s,

virtual processor partition— processor— 5. i;

0. 01s,0. 02s,0. 02s, 0. 01s, 0. 01s, 0. 03s0. Ols, O.
02s);
end ARINC653 - Module. i
system ARINC653 - System
end ARINC653 — System;
system implementation ARINC653 - System. i
subcomponents
partition— 1: process partition— process— 1. 1;
partition— 2: process partition— process— 2. 1;
partition— 3: process partition— process— 1. 1;
partition— 4 process partition— process— 2. 13
partition—
properties
Actual - Processor — Binding =)
reference(arinc653module. partition— 1) applies to partition— 13
Actual - Processor — Binding =)
reference(arinc653module. partition— 2) applies to partition— 2
Actual - Processor — Binding =)
reference(arinc653module. partition— 3) applies to partition— 3
Actual - Processor — Binding =)
reference(arinc653module. partition— 4) applies to partition— 43
Actual - Processor - Binding =)
reference(arinc653module. partition 5) applies to partition 53
end ARINC653 ~ System. i;

5: process partition— process— 1. i3

K14 4y XIHEER) AADL BE7Y
Fig. 14 AADL model of partition scheduling
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resources execution

requirement; partitions— execution

theorem partitions  execution is; TRUE

theorem resources is; TRUE
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Fig. 15 Validation results
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Tab.5 Reconfiguration information of partition

scheduling
Window ID 1.1 4.1 2.1 3.1 4.2 1.2
Patition P1 P4 P2 P3 P4 Pl

Window offset 0.00 0.02 0.03 0.04 0.07 0.1
Window duration 0.02 0.01 0.01 0.03 0.01 0.02
Window 1D 4.4 2.2 3.2 4.5 5.1 4.3
Patition P4 P2 P3 P4 P5 P6
0.12 0.13 0.14 0.17 0.18 0.08

Window duration 0.01 0.01 0.03 0.01 0.02 0.03

Window offset
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