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Who Is Open License Soclety?

e Privately funded R&D institute

Leuven (BE), Berdyansk (UA)
Industrial sponsors
IWT project funding for OpenComRTOS

e Why: 70 % of all SE projects do not deliver

e Objectives
Systematic & Unified Systems Engineering Methodology
‘Interacting Entities’ paradigm at all levels:
e OpenComRTOS as runtime environment (formally developed)
Implies ‘Trustworthy Components’
e => QOpen License (source code + all design, test, .... docs)

e Focus:

Embedded Systems:
e Constraints driven development
e Real-time, distributed, hardware & software, ...
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Focus domain of OpenSpecs:
formalised R&S capturing
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Unifying paradigm:
Interacting Entities

Systems2Trust project

Focus domain of
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formalised modeling

ey T ——

Runtime environment
supporting distributed
concurrency and
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Platform with native support
for distributed (fine-grain)
concurrency and
communication

01/09/2007 Open License Society

NS

4 OPEN LICENSE SOCIETY




SE Process dependency graph
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Unifying paradigm: Interacting Entities

Interacting Entities Model

OpenComRTOS
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OpenComRTOS project objectives

e Funded R&D project (IWT, Flanders)

Lancelot Research: management, commercialisation
Open License Society: technology development
University Gent (INTEC, Prof. Boute): formal modeling
University Berdyansk: tools and formal validation
Melexis: co-sponsor and first user (16bit uC)

e GUI tools:

graphical modeling/development environment

e Goal:

Develop Trustworthy distributed RTOS
e Follow OLS SE methodology
e Formal verification & analysis: formal modelling

Scalable distributed RTOS
Verify benefits and issues of using Formal Modeling
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Some requirements

e Targets:

Single chip, tightly coupled: multi-core

Multi-chip, tightly coupled: parallel processors on board
Multi-boards, multi-rack: using backplane interconnects
Distributed: using LAN and WAN

Host node

e Programming models:
“Interacting Entities”

“Virtual Single Processor”:

e transparent for topology

e Supporting heterogenous targets
Distributed real-time
Safe, secure

Small code size, low latency (=high performance)
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OpenComRTOS systems grammer

OpenComRTOS IS_DEFINED_BY
Configuration (1) // The root node of XML file
Configuration IS_DEFINED_BY // Nodes of configuration section
Parameters (1) AND // Attributes of the configuration section of XML file
SystemTasks (4) AND // Kernel, Idle, Rx or Tx
ApplicationTasks (1-N) AND
Ports (1-N) AND
Nodes (1-N) AND
Links (1-N)
Configuration HAS_ATTRIBUTES // Parameters
DataSize (1) AND // Packet data size (in bytes)
NodeldSize (1) // Length of Node identifier (in bits)
SystemTask CAN_BE // Type of system task
KernelTask OR
IdleTask OR
RxTask OR
TxTask
Etc.
o7 N
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L1 application view

f Virtual Single Processor
Application View Node Independent

OpenComRTOS-L1
Application View
Node dependent
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All RTOS Entities: variation on a theme

BUFFER LIST
CPRIO
OWNER

COUNT

CALLBACK

MATCHING FILTER

MATCHING FILTER

CALLBACK
MATCHING FILTER

(1) COUNT[0-1]

MATCHING FILTER

(1) COUNT{1-N}

CeilingPRIO

[0-1]

SYNCHRONISATION + DATA TRANSFER

WL
[0-1] WL [0-1]
[0-1]
-R
Generic Hub (N-N) PORT(N-N) Si=R EVENT(1-1) S/=R SEMA(N-N) S/=R
SYNCHRONISATION
Callback =
BUFFERD;ET[NBI i e MOVE_DATA BUFFER ARRAY of
MOVE_DATA [ ™ RESOURCE [NB]
MEMORY -
MATCHING FILTER MATCHING POOL o
FILTER(Tasks) \J CeilingPRIO
BUFFER LIST(NB})
(addr, size) OWNERI]
COUNT[1-NB]
COUNT[1-NB] COUNT(i}[0-1]
@ S| [
WL-S [0-1] w
WL-R WL-S WL-R WL-S WLR L
COUNT o
=NB COUNT COUNT= COUNT= R
-0 NE |
FIFO QUEUE (N-N)  S/=R MAILBOX (N-N)  S/=R CHANNEL (N-N)  S/=R MEMORY MAP  8=R

WL
R

RESOURCE(1-N)  S=R

RESOURCES

LINKED LIST of
RESOURCE (i)

CeilingPRIOK)
OWNER(i)

COUNT(i)[0-1]

WL
[0-1]

O

MEMORY POOL 3=R




Generic hub

When buffering

BUFFER LIST
ad CPRIO
R OWNER
Pending synchronisation COUNT

CALLBACK

Upon Synchronisation ——— |

Yoy

MATCHING FILTER

&)

X GenencHub(N-N]/

Waiting lists “senders/receivers”

T =
-

Synchronisation
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Example of Interaction diagrar
distributed mailbox

Task‘\ Rchde1 KernelNDde‘\ TxNode1 RxNedeS KemelNudeS TxMNode3 RxMNode2 I ‘Kemell\lode2‘ | TxNode2 | ‘ Task2 ‘

destMem = pointer to memory where to store the data
SemalD = semaphore or event to wait for,
i.e. to signal completion of data transfer for this task.

SendMailbox(MailboxID)

SendMailBox(Mailbox1D)

SendMailbox(MailboxID)
" .

Sen dMailbox{M alIbeID)
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1 I
1 I ReceiveMailbox{MailboxID destMem, SemalD)
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Copy the data from the memory
in single packets

Synchronized, now ReceiveMailbox(MailboxID destMem, SemalD : : : :
. h
start data transfer 1 1 | H
ReturnToTask(Task1,destMem,SemalD) 1 I 1
T [ 1 1 1
\
i ReturnToTask({Task2) d \ |
i e 1 | 1
‘.ll I 1 1 1 1
I ReturmToTask({Task1.destMem, SemalD) [ | 1 | 1
| t t + 1 1 1 ]
\. RelumToT;s k{Task1 destMem, SemalD) : } ReturnToTask(Task2) : :
i ' ' '
1 I I ! 1 . .
3 I [ ReturnToTask(Task2) 1 Lo Synchronized, now start waiting
makeTaskReady(Task1.desthMem,.SemalD) H i H i for data transfer completed
|" MoveData(srcMem,destMem) | A i ] | makeTaskReady(Task2) 1
I ; ~ 7 | 1 L ~
| ! MoveData{srcMepn destil ! ! ! !
i k4 i i i l
1 I
: } MoveDatal...) : : }
I
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SignalSemaphore(SemalD) 1 1 ] i ]
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Clean architecture gives small code

OpenComRTOS L1 code size figures (MLX16)
MP FULL SP SMALL
LO L1 LO L1

LO Port 162 132

L1 Hub shared 574 400
L1 Port 4 4
L1 Event 68 70
L1 Semaphore 54 54
L1 Resource 104 104
L1 FIFO 232 232
L1 Resource List 184 184
Total L1 services 1220 1048
Grand Total 3150 4532 996 2104

Smallest application: 1048 bytes program code and 198 bytes RAM (data)
(SP, 2 tasks with 2 Ports sending/receiving Packets in a loop, ANSI-C)
Number of instructions : 605 instructions for one loop (= 2 x context switches,
2 x LO_SendPacket_W, 2 x LO_ReceivePacket W)




Results (ctd)

e Break-through results in well-known domain
100’s of RTOS with such support
15 years of experience, 3 generations of RTOS design
Typically CPU dependent, use of assembler and async operation

e Small, scalable, distributed and maintainable code
SP(LO): < 1000 machine instructions
MP(L1): < 2000 - 5000 machine instructions
Needs a few 100 bytes of data RAM
Fully in ANSI-C, MISRA-C compliant
Runs on MelexCM (16 bit) and Windows

Scheduling algorithm can be improved to reduce worst-case
rescheduling latency and blocking time

All RTOS Entities are variations of a generic « hub » object
e => |ess but faster code: 5 KBytes vs. 50 KBytes before
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Formal TLA models of OpenComRTOS entities
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TLA

e TLA (the Temporal
Logic of Actions)
IS a logic for
specifying and
reasoning about
concurrent and
reactive systems.
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TLA modelling results

We modeled entities |
of OpenComRTOS:

e Port

e Event

e Semaphore
e Resource

e Packet Pool
« Memory Pool
e FIFO
 Mailbox
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Port

Verified Properties:

 There are never more Tasks on the ready list
than there are Tasks in the system

 There are never more Tasks in the Port’s
waiting list then there are Tasks in the system

« All Tasks waiting on an Port, either waiting to
send a Packet, either waiting to receive a

' MATCHING FILTER |

(1 './_1'\._
. - . ¥ Sl
Packet are of the same type in each waiting list ¥ e W
s /. |r
T T
Typefnvariant =
PORT(N-N) SER
A Clardinality| Readylast) << Caordinality| Task{d)
MY p e Portdd
Len( Port WL p ) < Cordinality( Task{d)
MY p e Portdd :
Wi, 3 e 1., Len(Port WL p|) :
PreallocatedPacket Port WL plli| ype = PreallocatedPacket | Port WE p 7 | type
| N
AL
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Resource

Verified Properties: CollingPRIO
 No Task waiting for an Resource can be ready PP
 Any Task that is ready cannot be in a waiting |
condition OWNER
e When the resource is free, then no Task will be (1) counT(1-0
waiting for it —_— Yol
AT e = Resourcelfd - ' é
Wi e 1 .. Len{ Resouwrce Wi[p]) : AN |3
Resource WE p il & Readylist .
ANt e Taskld :
RESQOURCE(1-M) S=R

{(t = Readylist) = (vi & Resowrceld :
wiel.. Len{Resource WLl -
Preallocated Packet | Resowrce WELT][i]] . Requesting Task Il £ £) v

(i = 1 .. Lfen{ KernelPort W) -

FPreallocatedPacket | KernelPort WL ]| Requesting Task il = 1)

M e & Resouwrceld :

AcdsResource Available {p) = List_isFEmpty{ Resouwrce WEL[E])

N
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Packet Pool

Checking Properties:

Packets from the Packet Pool can only be allocated once

If a Packet has been allocated from the Pool, then it must be in a
Packet List of a Task and vice versa, if a Packet is not in any Task
Packet List then it must be in the Packet Pool.

If we have any packet in the Packet Pool, then no Task will be
waiting for a Packet

A, g e Taskid

(i # ) = (task|i|.packetlist 1 task|j | packetlist = {})

ANt & Taskld : ¥ dp £ DynamicalPacketid

W {dp £ i‘r:.*iﬁ'Ei‘}.gfrxr'ﬁ'f*i‘f!'.ﬁi‘] = {dp :.-E PacketPoolPacket List)
v {dp & Puacket PoolPacketList) = (dp ¢ task[#] packetlist)
MoasPacket Available = Len{ Packef Pool WL} =0
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RTOS Metamodel

e Based on Interacting Entities Paradigm

e Application can be constructed from various
entities (kernel entities) and interactions between
them (kernel services).

e The Metamodel allows extensions to different sets
of kernel entities and services of other RTOSes.

e Expression of the Metamodel in XML format
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OpenComRTOS Entities’ Metamodel
= RTOS hub instances

<?xml version="1.0" encoding="UTF-8" standalone="yes" 7>
<Metamodel>

<Entity Name="Task" SvgPath="Task.svg">
<Attribute Name="Name" Type="String"/>
<Attribute Name="Priority" Type="Integer" Minvalue="1" Maxvalue="255"/>
<Attribute Name="Arguments" Type="String" Defaultvalue="NULL"/>
<Attribute Name="Status" Type="Enum" values="LO_INACTIVE:LO_STARTED" Defaultvalue="LO_STARTED"/>
<Attribute Name="Node" Type="Node"/>
<Attribute Name="StackSize" Type="Integer" Defaultvalue="170"/>
<Function Name="EntryPoint"/>

</Entity>

<Entity Name="Port" SvgPath="Port.svg'>
<Attribute Name="Name" Type="string"/>
<Attribute Name="Node" Type="Node"/>

</Entity>

<Entity Name="Event" SvgPath="Event.svg'>
<Attribute Name="Name" Type="String"/>
<Attribute Name="Node" Type="Node"/>

</Entity>

<Entity Name= "Semaphore" SvgPath="Semaphore.svg">
<Attribute Name="Name" Type="String"/>
<Attribute Name="Node" Type="Node"/>

</Entity>

<Entity Name="Hub" SvgPath="Hub.svg">
<Attribute Name="Name" Type="String"/>
<Attribute Name="Node" Type="Node"/>
<Attribute Name="Type" Type="Enum" Values="L1_PORT:L1_EVENT:L1_SEMAPHORE:L1_RESOURCE:L1l FIFO:L1_P
<Function Name="UpdateFunction"/>
<Function Name="SyncFunction"/>
</Entity>

NG
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OpenComRTO Interaction’
Metamodel = kernel services

<Interaction
<Interaction
<Interaction

<Interaction
<Interaction

<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction
<Interaction

01/09/2007

Name="L1l_sStartTask_W" Subject="Task" Object="Task" />
Name="L1l_StopTask_W" Subject="Task" Object="Task" />
Name="L1l_SuspendTask_w" Subject="Task" Object="Task" />

Name="L1l ResumeTask W" Subiject="Task" Obiject="Task" />
Name="L1l_SendPacket_W" Subject="Task" Object="Port" />
Name="L1l_ReceivePacket_W" Subject="Task" Object="Port" />
Name="L1l_SendPacket_NW" Subject="Task" Object="Port" />
Name="L1l_ReceivePacket_Nw" Subject="Task" Object="Port" />
Name="L1l_SendPacket_WT" Subject="Task" Object="Port" />
Name="L1l_ReceivePacket_WT" Subject="Task" Object="Port" />
Name="L1l_SendPacket_A" Subject="Task" Object="Port" />
Name="L1l_ReceivePacket_A" Subject="Task" Object="Port" />
Name="L1l_AllocatePacket" Subject="Task" Object="PacketPool" />
Name="L1l_DeallocatePacket_W" Subject="Task" Object="PacketPool" />
Name="L1l_AllocatePacket_w" Subject="Task" Object="PacketPool" />
Name="L1l_WwaitForPacket" Subject="Task" Object="PacketPool" />
Name="L1l_WwaitForPacket_Ww" Subject="Task" Object="PacketPool" />
Name="L1l_AllocatePacket_Nw" Subject="Task" Object="PacketPool" />
Name="L1l_waitForPacket_Nw" Subject="Task" Object="PacketPool" />
Name="L1l_AllocatePacket_WT" Subject="Task" Object="PacketPool" />
Name="L1l_waitForPacket_WT" Subject="Task" Object="PacketPool" />
Name="L1l_SendPacket_W" Subject="Task" Object="Port" />
Name="L1l_ReceivePacket_W" Subject="Task" Object="Port" />
Name="L1l_RaiseEvent_W" Subject="Task" Object="Event" />
Name="L1l_TestEvent_W" Subject="Task" Object="Event" />
Name="L1l_SignalSemaphore_w" Subject="Task" Object="Semaphore" />
Name="L1l_TestSemaphore_w" Subject="Task" Object="Semaphore" />
Name="L1l_LockResource_w" Subject="Task" Object="Resource" />
Name="L1l_UnlockResource_w" Subject="Task" Object="Resource" />
Name="L1l_EnqueueFifo_w" Subject="Task" Object="Fifo" />
Name="L1l_DequeueFifo_w" Subject="Task" Object="Fifo" />
Name="L1l_SendPacket_Nw" Subject="Task" Object="Port" /> =
1N
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Stages of application development Iin
OpenComRTOSVE

1. Nodes (processors) topology definition
2. RTOS application structure definition
3. Tasks coding

4. Compiling and running

5. Tracing
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Nodes topology definition

EL0_sendreceive_3nodes.prj - OpenComRTOS Visual Enviroment 1= =]
File  Edit  Wiew  Build Help

i 0gHe |4 @0 @

£L
? Files ¥ | Properties &= [E
;.J = I3 Configuration . Mame Walue é
g ’@] LO_sendreceive_3nodes.conf localhost o
@ - ocalhos! |
b | LO_sendreceive_3nodes.map S
“,.:';,“ '_C)utput Maode B
% e_f
P Mode_f, exe
f| I0node_config.h
f| nade.o
f| sendreceive_app_task.o
f| sacketcamm.c
f| socketcomm.o
H- (7)) Mode_B
[ {5 Mode_C
L.-e IDrodes_data.h
=- Source
rﬁ] node.c
Mode B
Cutput Iz
CihyOpenConRTOEVE Y bintxnlZh. exe -c "C:/OpenConRTOSVE/Exauples/LO0_sendreceive_3Znodes/Configuration/L0_sendreceive_3Znodes.coni" -o Output A
C:/MinGl/bin/minguwiz-make NODE=Node A node
wingwiZ-make[l]l: Entering directory “C:/0penConRTO0SVE/Exanples/L0 sendreceiwve Znodes'
mingw3Z-make[1l]: Nothing co bhe done for "node'.
wingwiZ-make[l]l: Leaving directory °C:/0penComRTOSVE/Exauples/L0 sendreceive Znodes'
C: /MinGl/bin/mingw3Z-nake NDDE=N0de_B node
ningw3Z-make[l]l: Entering directory “C:/0penComRTOSVE/Exauples/L0 sendreceiwe 3nodes!
wingwiZ-make[l]: Nothing to be done for "node'. T
mingwiZ-make[l]: Leawing directory "C:/0penComRTOSVE/Examples/L0_sendreceiwe 3nodes!
Co/MinCil/bin/mingw?E-nake NODE=Node C node
mArmerr T —malral 11 - Wwt ovdwer AL vaﬁrnv!r_‘r'- fMmanmC A DTOSTR FRvamm ]l as FT.N sandramadirras 2vnadas ! .:I
|§Oqtputi
Ii.'l'lyl:nl | &) Webmai - Opera | gTotal Commander 6,55 .., | @ Micr osoft Word ||@ LO_sendreceive_3no.. i Delphi? | J €@ :ﬁ t&ﬁ @ bl | *&10 |
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Application structure definition

= Application1.project - OpenComRTOS Visual Enviroment

File Edt View Buld Help

‘G DS @ 4@ 9 o [l Tesk Packetbool Event Semephore Resource FIFO Port | @ [ Q
e .|y | Fapss @
= Task ' |l Name value E
g s 8
2 APP_3_TaskB ode Node_A &
1 i &P:_S_Ta% Priority 4
= EVERE EntryPoint  APP_2_Task
% Semaphore Name APP_2_Taske
?ﬁfg”'“ Arguments  NULL
= Port StackSize 160
Port_A Status LO_STARTED
Part_B APP_4_TaskB
Port_C i
Por!

APP_3_TaskB

[EEDN

Yy "B openc G : [ i . Py —rT
15 NYCK 3 OpenComRTOSYE - Wi... 1/1]4C:\dima\Projec... 1 Application].project -... e =9 ll' Ll | &g

=" =1
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ask source coding

E‘Ll]_sendreceive_:inndes.pr]' - DpenComR.TOS Yisual Enviroment = I [ [_)_Sj
File  Edit Wiew Build Help

e e i - O RNEERT R B R S

= | Enfities Hode Disaram * sendreceive_app_fask.c | L[
i e - b=
=l %E AP TaskE SE: char 1ine[BUFSIZ]: e
E r. EE APP_4_Taske '5_: int iter, no_iter:
= || = Parts i
3 2 o B port_a 555_[-3 if (fgets(line,BUFSIZ,stdin) == NULL) {
Port_B 54 L0 _DEG_APP TRACE ("APPZ exiting ...%'n"):
Part_C 505 Sleep (3): /% to give some time hefore closing the console ... */
&1 exit (0):
B2 - i
B3 LO_DEG APP TRACE (line):
A9 if (...}
gl
".-‘DE[—- if (strncwp (line, "iter™, 4) == 0] {
".-‘15 LO DEG LPP TRACE ("ITERVn"):
'.'-‘2';— if (sscanf (line, "iter %d", &no_iter) !=s 1) {
'.?35 LO_DBEG_APP TRACE ("APPZ: please enter number of iterationshn™ ;
T4 continue; =
FELE 3
TR if (no iter =< 1) {
".-‘".-‘E LO_DBG APP TRACE ("AFPZ: please enter positive nuwber of iterationzsin™)
".-‘8; continue;
b= }
a0 } else if (strncmp (line, "sleep”™, 5) == 0] {
til LO _DEG APP TRACE ("APPZ sleeping for 1 seconda’n™) ;
S LO SleepTask WT (1 * 1000);:
8.5 continue;
24! } else !
g5 AT usage */
86; LO DEG APP TRACE ("ALPPZ: unknown commandt n') ;
8":-‘5 continue;
Baif )
5o
QDE LO_DEG APP TRACE1l ("™AFPz: running for %d iterations, i.e. send-receive round tripshn
91[T] for (iter = 0; iter < no iter; iter++] | g
o | ;I_I
= Output’! ?
ifﬁnycui J &) Wbl - Opera | B Total Commander ... | [#4] Microsoft ward ”‘nz;'ILl]_sendrecéive..._ U WEZ - Paint | 3 ¥niiew - [VEL. JPe] | J B« Bl a3 usegm

=S i —




ompllin

File:

o
e
]
=
(=]
(=8
i
i
m
=)
=
=g
i
vi

Filzs

Y

Edit Wew Build Help

’@ [D_sendreceive_Snodes.prj
- e Makefile

2 Configuration

'Ef] L0_sendreceive_3nodes,conf
: _;:lﬂ LO_sendreceive_3nodes.map
4 Dukpuk

) Mode_A

[ Mode_A.exe

;@ I0node_config.h

[ node.o

L@ sendreceive_app_task.o
:‘-'_']ﬂ sacketcomm.

=

=l sacketcomm.o

sendreceive_app_task.c

= number of
sleep 1 seconds
guit sample

: running for 3 iterations,.
LO_SendPacket: packet_no:1
LO_ReceivePacket:
LiO_PacketReceived: packet_no:—1
Lil_SendPacket: packet no:2
LO_ReceivePacket:
LO_PacketReceived: packet_no:-2
LO_SendPacket: packet_no:3
LO_ReceivePacket:
LO_PacketReceived: packet_no:-3

e S ST

{0 55 S O B 2 T o

{ o B e R

iteration

i.e. send-receive round trips

and running

=187

#include <l0Onode config.h=

)(i Propetties g x !rg
#idefine LO_CCNFIGURED DATA STORAGE 1 _:.i i Yalue |&
i Node Mode_& £
i Priority 4
EntryPoint  APP_Z_Task
#define LD NODE NUMBER OF PACKETS 5 N S
#define LD NODE NUMBER OF RXDRIVER PACKETS 3 ame i
#define LO_NODE NUMBER OF TIMERS 5 Argumenty: L
- StackSize 160
- Status LO_STARTED

#ifdef AIYNC SERVICES

L0 Packet LO KernelPackets[LO NODE NUMEER OF FPi

fendif /# AZTNC SEEVICES A

Hifdef HP

LO_Packet LO_RExDriverPackets[LO_NODE NUMBER OF

fendif f* MNP =/

#ifdef WT SERVICES
#include <lOtimerlist api.h:
finclude <lOkernel types.hs-

L0_ReceivePacket:
Lil_ReceivePacket:

Lil_ReceivePacket:

_SendPacket: packet_no
I_SendPacket: packet_no

l_SendPacket: packet_no:-3
i_ReceivePacket:

APP3 LO_PacketReceived:
1

AFPP3 LO_FacketReceived:
2

AFPP3 LO_PacketReceived:

packet_no:1l P§
i

packet_no:2

packet_no:3

Rece ivePacket:

I_ReceivePacket:
I_SendPacket: packet_no
_ReceivePacket:
I_SendPacket: packet_no:-3
_ReceivePacket:

APP4 LO_PacketReceived:
2
APP4 LOD_PacketReceived:

APP4 LO_PacketReceived:
_SendPacket: packet_no:—1

packet_no:-2

packet_no:-3

: E.I_Output-‘i
Efjl‘lycxj | ) webmal - ... | g Total Comm...‘ IS_F’] Microsoft ... l _4): ¥niiew - [Y... '5';? LO_sendrec... | BN C:\Openco... ! B8 <:\Openca... le C:4OpenCo...
UJ.-/ UJ/ &UVU 7/ VUPCII LILTIIDT JULITLYy

|B[«BeBY 2
£

N

OPEN LICENSE SOCIETY




Tracing

5[]

Skark Tracing I

Timestamp 1 i J (B ] i

1633724335 |03 |2 ' 1
1633725615 | oy |=» [0 |
1633725901 |y |0
1633726108 | (| = |

Li_ReceivePacket: APP4 LO_PacketHeceived: packet_no:-1
LO_SendPacket: packet_no:—1
LO_ReceivePacket: APP4 LO_PacketReceived: packet_no:-2
LO_SendPacket: packet_no:-2
LO_ReceivePacket: APP4 LO_PacketReceived: packet_no:-3
LO_SendPacket: packet_no:-3

1633726132

1633726719

Li_ReceivePacket:
1633726916
100 | 1633727052
11 1653727150 % > b ol s €4
— num = number of iteration
12 | 1633727268 Sll?e]) 1 seconds
13 [1633727493 guit sample
14 |1633727576
15 |1633728888 : ; ; ; ; ;
— APP2: wunning for 3 iterations, i.e. send-receive round trips
g |1633728910 2 LO_SendPacket: packet_no:i1
17 [1633729009 Eg_gec]e‘iu]e‘Packet(:l = .
[ e _PacketReceived: packet_no:z-—
18 1633?29131 LO_SendPacket: packet_no:z2
19 |1833738787 LO_ReceivePacket:
0 | 1633738874 LO_PacketReceived: packet_no:—2
21 | 1633739074 - it
LO_ReceivePacket: APP3 LO_PacketReceived: packet_no:1
__23_1633?39205 LO_SendPacket: packet_no:-1
23 _1633?39303 LO_ReceivePacket: APP3 LO_PacketReceived: packet_no:2

LO_SendPacket: packet_no:—2

LO_ReceivePacket: APP3 LO_PacketReceived: packet_no:3
LO_SendPacket: packet_no:—3

LO_ReceivePacket:

74 | 1633739422
5 |1633764895
6 |1633784978

57 |1633785172
25 | 1633785154
73 | 1633785291

a0 | 1633785413
21 TARITAR7AY

|

F ] GI [ ]TaskIDi Time l o
1| m o |S947053 |29
|| @ |z eosioen |
3| M| |5 |essetisfss

ol
'.f_'ﬂycl(} | ﬂ siebmail - Q... | BTotaI COmn. .. | iﬂ,ﬂ,oKyMEHTl _e, Hnibfigmy - [VE...J :_%/ProcessTrac... I B3 C:\.OpenCo... BN C:lopenCo. .. | BN Ciopenco. ..

N
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OpenComRTOS Event Tracer

EYEY

B TaskTracer 0.3.2

Time (usec) Md S« ID | Y || = |
]

g7
Q04
Q51
i1150
1177
2633
2662

1] >
l Event Table I ace Event &5

Task #0 (kKernel)
Timesktamp: 1150 usec
Ewent: W Return from Service 4

_  TaskID Task Time (usec) = =
1 o 512762 26 Tasks Info
z 2 216001 11. -
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Tasks Diagram
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Conclusion

e OpenComRTOS breaks new grounds for

distributed real-time processing:
Developed using formal methods
Based on packet switching
Ultra-small, still same functionality
Scalable and extensible by use of meta-model
From multicore to widely distributed systems

e More info:
www.OpenLicenseSociety.org
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