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OVERVIEW

= Multinational conglomerate
founded in 1984

= Private capital

= Subsidiaries in Spain, Portugal
and USA

= Over 1000 employees all over the
world

= Roots tied to the Space and
Defense industries

= Currently operating in
Aeronautics, Space, Defense,
Security, Transportation,
Healthcare and ITC industries.
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BACKGROUND

m Sentinel-3 continues the observation missions of ESA’s
ENVISAT and SPOT Satellites

— Ocean & Land Colour Instrument (OLCI) continuation of
ENVISAT/MERIS mission, launch on March 2002

— GMV involved in the development of the OBSW for MERIS for
ENVISAT

« ESA PSS05, HOOD Methodology
« 15K LOCS Ada

« 144K LOCS Test Software

« 136 Person/Month Efforts

19 April 2010 by ESA’s ENVISAT satellite
The Eyjafjallajoekull Volcano in Iceland
http://www.esa.int/ %

HRT-UML and Ada Ravenscar Profile 16/06/10 Page 3 ‘ © GMV, 2010



BACKGROUND (2)

= Under Thales Alenia Space
contract, GMV is responsible

OLCI
for the development of the o oPM
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MOTIVATION

= An integrated solution (method + toolset) for the design of
Ada95 OBSW systems compatible with ESA’s criticality
categories

= Assessment of timing and performance requirements during the
whole development lifecycle, as requested by ECSS-E-ST-40C:

— Technical Budgets:

« Memory size

« CPU utilization
— Schedulability analysis for real-time software
— Behaviour modelling verification

m Possibility of accurate analysis of real-time behaviour by choice
of scheduling/dispatching method together with suitable
restrictions on the interactions allowed between tasks
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HRT-UML

= The selected analysis and design methodology has been Object-
Oriented supported by HRT-UML

— Initial HRT-UML based on UML 1.4

— A new evolution of the methodology has been developed in the
context of ASSERT project, based on UML 2.0, but it is out of scope
of this presentation

— Customized version of UML expressing the HRT-HOOD methodology

= Extensions for Dependable Systems and Control Systems have
not been used

HRT - UML Core

Hard Real Time end Contr

Systems
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HRT-UML (2)

m HRT-UML main features:

— Easy decomposition of the software architecture into design objects
having internal parts that communicate with each other and with the
outside environment

— Explicit recognition of the typical activities of real-time systems

— Integration of appropriate scheduling paradigms with the design
process

— Explicit definition of the application timing requirements for each
activity

— Static verification of processor allocation, schedulability and timing
analysis

— Provided toolset by Intecs implements Utilization Test, Response
Time Test and Hyperplane Test
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RAVENSCAR PROFILE

= A subset of the Ada tasking model defining restrictions to reduce
the full tasking model

= Allows potential verification techniques
— information flow analysis,
— schedulability analysis,
— execution order analysis and
- formal model checking.
= Scheduling model:
- Pre-emptive fixed priority scheduling

— Priority Ceiling Protocol to avoid unbounded priority inversions and
deadlocks

— Supports cyclic and sporadic activities, and the idea of hard, soft,
firm and non-critical tasks
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EXAMPLE: SENTINEL 3 OLCI ICM SW

A RS RS z |

{Mon Terminal
IChi_Board: KSWW

Z=gzer=> Startup
==gzer== EPICA |1 Handler
==gzer== EPICA |2 Handler
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A

REWRSW
{ICM_Board: RIS}

g

<aser=> Startup
<=aser=» EFICA_ICT_Handler
<<aser== EFICA_IC2_Handler

<<ager>> Send_TH

[
W " | P ERIGA IC1 ManagerERIGA G Manager A LA Startup: Startup Pa gios swios sw
| {1CM_Board RSV Y {ICM_Bioardt RS} {hon Terminal
\[s=paer== Handier =aser=> Starl 1CM_BoarctRSv}
- oarc_H_Init
v [Baard_Hw_Reset
Y [Board_Test
Y [Baard_Get_Interrupt_Crigin
| Pr EPICA 102 ManagerEPICA, IC2 Manager # Time Manager. Time Manager [Board_Toggls_Sysay
{1CM_Board RSV {Man Terminsl [Board_Get_Reg
A =Wl IeeWU I [<=paer== Handler = 1Ch_Bioarct RSV} [Board_Set_Req
S <=asar== Preload_CM_Time [Bus_H_nit_And_Hw_Reset
\ ci:"jguz;'”ﬁ‘gw =caser== Get_ICM_Time_For_Th us_Test
e b s s | <=aser== PPS_Signal_Handler [Bus_Set_Trans

[Bus_Get_Data_Trans
[Bus_Set_Data_Trans

A\ Commancahilty: Comtanciabilty lBus_Get_Reg
{Mon Terminal [Bus_Set_Reg

1Ch_Fioard: RS}

=<asers= Quels_TC
—

Pa puS FormatterPUS Formatter
{1CM_Board REvY)

IDecode_And_Verify_TC
[Generate_TM_Packet_Header

[Generate_Thi_128_130 =

S Memory Menacer.Memory Manaser
{CM_BoarcRSw}

[Bus_Get_interrupt_Origin
IMemm_t_init
IMem_H/_Reset
fem_Prom_Checksum_Test

Pr PUSPUS
{1CM_Board RSV

<=paer== Int

<=paer== Receive_TC

<=paer== Register_APID

<<paer== |s_APID_Registersd
<=paer== Verify_TC

<<paer=> Get_TC_nfa

<=paer== Send_Acceptance_Success

[Mem_E=prom_Checksum_Test
[Mem_Esprom_ts_Wirteable
IMem_F=prom_r_Enabls
IMeim_Esprom_Wr_Disable
IMem_F=prom_¥rite
IMem_Pm_Ram_Test
IMeim_Pim_Ram_Checksum_Test
IMem_Pm_Ram_Write_Prot
IMetm_Pim_Ram_Wr_Enable
IMem_Pm_Ram_Wr_Disable
IMem_Prm_incr_Sieu_Courter
IMem_Pm_Get_Seu_Counter
[Memm_Pm_Clear_Seu_Courter

[Epica_If_Irit
[<<start-= Memory_Execufion_Request <<paer=» Send_Acceptance_Falure E:iEE'H;, —
s=asatc== Is_ny_Request_Runring <=paer== Send_Execution_Complste_Report_Success i

<=paer=» Send_Execution_Camplete_Report_Failre
<=paer== Execiis_S¥CH_Request
<<paer== Register_Memory

<<paer>> Send_Evert

Pr pus LockPUS Laok

{CM_Board RS}

<<paer== Protect
<<paer=> Unpratect

Pa Memory ServicesMemory Services
{1cM_Board REVY)

[Ptch_OPSW_In_EEPROMZ
[Patch_OPSW_in_SRAM
[Patch_TOT _In_SRAM
[Dump_BINIT_Sit¥
[Dump_Resw
[Dump_OPSW_in_EEPROM2
IDump_CPSW_in_SRAM

[Purmp_TOE_In_EEPROM2
lDump_TOE_n_SRAM

[Epica_Fneble_Edac
[Epica_Disabls_Edac
[Epica_Get_Req
[Enica_Set_Reg
[Epica_Arm_Timer0
[Enica_Start_Timer)
[Epica_Load_Timer0
[Epica_Save_Timerd
[Epica_Stap_Timerd
[Epica_Get_Timerd
[Epica_arm_Timer
[Epica_Start_Timer
[Enica_Load_Timer
[Epica_Stop_Timer
[Enica_Get_Tiner
[Epica_Arm_Watchdog
[Epica_Stop_Watchciag
[Epica_Get_Watchtioy

[Dump_TOT_In_EEPROM2 [SIN_I_Inik
[Dump_TOT_In_SRAM [SIN_Hw_Reset
[Dump_TOC_In_EEPROMZ2 [SIN_Get_rterrugt_Origin
IDump_TOC_In_SRAM [SIN_ctivate
[Dump_TOP_In_EEPROM2 [SIN_Control
[Dump_TOP _In_SRAM [SIN_Receive
[Dump_itstchdog_cContext_Log ISIN_Rex_t
[Ptch_TOC_In_SRAM [SIN_Get_Status
[Patch_TOP_In_SRANM [SIN_Get_Reg
[Pstch_TOE _In_SRAM [SI_Set_Reg
[Patih_atchdog_Context_Log [SOLIT_t_int

[SOLT_Hwv_Resst
[SOLT_Get Interrupt_Origin
[SOUT_Activate:
[SOLIT_Transmit
[SOUT_Get_Status
[SOLT_Get_Req
[5OUT_Set_Rey

EXAMPLE: SENTINEL 3 OLCI ICM SW (2)
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EXAMPLE: SENTINEL 3 OLCI ICM SW (3)

A RS REVY

AICM_Board: =W}
B e Not Ravenscar task
==gser== EPICA_IC1_Handler — - — - — — \

Voo Pr Erica izt Manager EPICA 121 Manager

! 1, {ICM_Board REW}
Y ==paer== Handler

. A Startup: Startup
) {ICh_Bioarck RS}
==gzer== Stard

\ Pr Epica ic2 Manager EPICA 122 Manager A Time Manager lime Managet
Y
{ICM_Eoard: RSy} 1Mo Terminal
A SMU SO I ==paer== Handler ICh_Board: RS}

==gzer== Preload_|Ch_Time
<=gzer== et |Ch_Time_For_ T -
==gzer== PPS_Signal_Handler

1Mo Terminal
ICM_Board: RS}
==gzer== |NT_1553_Handler
==gzer== Send_TM

A Commandability: Commandability

{Mon Terminal
ICM_Board: RS}
<=5z Geus TC

m It is possible to check Ravenscar compliance at model level

» HRT-UML rules are generally compliant with allowed Ravenscar
features (e.g. no task allocators, no dynamic priorities, etc.)
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EXAMPLE: SENTINEL 3 OLCI ICM SW (4)

A SMUL TS IE Pa E
TICh_Board: RSV Tuncle,
==azer== INT_1553 _Handler - - - - - ———— — — — — — — . Board_If_Inf
==gazer=> Send_TM “,l Board_Hww_
" : Board_Test
. P ] " . Board_Get _
\x I T Buffers:Th Buffers LS Bus Manager.Bus Manadger

4 {ICh_EBoard: RS} o {ICh_Board: RSWY :EZ:S_;?E
==paet=> Send_Th ==start== Start Eh:uard_SE!t_
==pger== eS8 MT_TM_Block - T
==psers== Get_SA 02T _TM_Block WCET : 3.0 %232_:;::_.
==paer== Zet_=4A_07T_Th_Block MIAT . 25_0 Eius_SE!t Tr

==paer== Get_SA 08T _Th_Block -
s=paer== Get_S&_11T_TM_Block Deadline: 25.0 Eus‘gz:‘gf
==paer== Fet_Sa_03T_TM_Block Baz_Get_Hi
==pasr== Get_SA 04T _Th_Block E:us_Set_HE
Send_TM : 0.3 ouE e
Get_SA_O01T_TM_Block : 0.3 Mem_HA_R
Get_SA_01T_TM_Block : 0.3 A Commandsbilty Commandabilt:c i
funcle, from Ohjecthodel ESw} r-.ﬂem_EeprI:nl
- ==gzer== CZueus_TC Mem_EeprDI
T=oser=r ol_ToW_TIme_For_TT r-.ﬂem_Eepr-:u

==gzer== PPS_Signal_Handler -

Mem_Eepron
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EXAMPLE: SENTINEL 3 OLCI ICM SW (5)

" Analyze dialog

Task Properties /\
Task Hame type weet deadline | period offset prigrity locking |utilizati... respon...
F= =hU_IFBus_hManager Sporadic  [3.0 250 250 0.0 1|-K.0 -1.0 3.3
FR=W Commandability_TC_Server Cylic 5.0 S350 100.0 0.0 2-140 -1.0 5.3
F=WVY Time_Manager PPS_Manager |Sporadic (1.5 1000.0 1000.0 0.0 3-y.0 -1.0 7.8
F=VY hemory_anager Sporadic  [300.0 1000.0 1000.0 0.0 4 -[ 0 -1.0 3585
\ Y
Protected LRilization Table
RSW Co... BSW E... RSW... RSW _SMU_H_TM Blﬁﬂrm St...ASW_P...ASW _EPICA_l... RSW Time M...[
Ceiling Priarit. .. 1 5 2 \ ] 5 5 5 1] -
Task name -
FEW_Zhil .. 05 0 1] 03 1] 1] o 03
REW_Camm... 05 0 03 03 1] 1] 1] 0,3
Priority Kind List
Desadline Monotonic priorities -
Analysis List
Ittilization analysis -
Ok Cancel

= Priority assignment to tasks and protected objects according to
Rate or Deadline Monotonic methods.
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EXAMPLE: SENTINEL 3 OLCI ICM SW (6)

®. RM Analysis

X]

Select Task: |[RSW_hemary_Manager -
LHilization 6452 }n bound = 0,757
Color | “_” Hame Weet | Period | Util. J/Block\Part.|Sc...
: RSW_ShU_If_Bus_Manager 30 250 0412 0.3 132| [v]
| B Rev_Commandshilty_TC_Server 3.0 1000  |joos [ o3 0ys3
5 Rz Time_hManager_PPS_Manag...[1.5 10000  [Qo01sy |03 oNs2
P R _Memory_Manager 2000 (oooo |03 0.0 452

A

Ok Help

m Checking CPU utilization

HRT-UML and Ada Ravenscar Profile
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EXAMPLE: SENTINEL 3 OLCI ICM SW (7)

* Response Time Analysis

X

Hame Weet Deadline Period Response Sched
R ShU_If_Bus_Manager 3.0 250 250 3.3
R Cammandabilty_TC_Server 3.0 3.0 100.0 5.3
R _Time_Manager_PPS_Manager 1.5 10000 10000 k=
FZW_Memory _Manager 00,0 10000 10000 et
RSW_SMU_K_Bus_Manager 3.3 I:I 25.0
RSW_Commandability_TC_Server 6.3 D 33.0
RSW_Time_Manager_PPS5_Manager I 1.8 | 1000.0
RSW_Memory_Manager _ 358.5 | 1000.0

Ok

Help

= Checking system schedulability according to Response Time Test

HRT-UML and Ada Ravenscar Profile
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EXAMPLE: SENTINEL 3 OLCI ICM SW (8)

® Hyperplane Analysis

Speed Factor @

Hame ~— deadline diﬁance
FESW ShU I Bus Manager 25 13,712
S0 Commandahbilty _TC _Server 33 24
FSW Time_Manager _PPS_Manager , 1.000 248 5
FE=W Memory Manager 1.000 248 5

\

» Hyperplane analysis to check system schedulability, distance
and speed factor.
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EXAMPLE: SENTINEL 3 OLCI ICM SW (9)

A Shal If:ShALL If

1k _Board RSww}

==gser== INT_1553_Handletr - - - - -—-—-—-—-——— — — — \
==gzer== Send_Th

v | Pr Im Buffers:TM Buffers

by AICh_Board: RS}
==paetr== Send_Th

S Bus Manager:Bus Manager
ICM_Board: ESw}

==ztart== Start

==paat== et_=A 1 T_Th_Block
=zpser== Get_ S0 02T_Th_Block
==paer== Cet_=A 07 T_TM_EBlock
==paat== et_=2 03T_Th_Block
==pacr== et =A 11T_TM_Block
==paer== Cet_=A_ 03T_TM_EBlock

x =t 0 OdT  Thd D] 1

WCET : 3.0

Send_TM : 0.3
Get_SA_O01T_TM_Block : 0.3
Get_SA_O01T_TM_Block : 0.3

MIAT : 4.0
Deadline: 4.0

A Commandability: Commandability

tuncle, from OhjecthModel RS5W5

==gzer== Freload_|CM_Time
==gzet== Get_IZh_Time_For_Th
==gzer== PP=_Signal_Handler

==@zer== Quaue_TC

Pa B

uncle,

Board_If_Inf

Board_Hwe_
Board_Test
Board_Get_
Board_Togc
Board_&et_
Board_Zet
Bus_|f_Init_.
Bus_Test
Bus_Zet_ Tr
Bus_Get_ [
Bus_Set_Ds
Bus_ et _Re
Busz_=et_Re
Bus_Get_Inl
Mem_If_Init
Mem_Hw_ R
Mem_Prom_
Mem_Eepro
Mem_Eeprom
Mem_Eeprol
Mem_Eepro
Mem_Eeprom

HRT-UML and Ada Ravenscar Profile 16/06/10
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EXAMPLE: SENTINEL 3 OLCI ICM SW (10)

% Response Time Analysis

X]

RSW_Memory_Manager

RSW_Commandability TC_Server

RSW_Time_Manager_PPS_Manager

Hame Weet Deadline Period Response Sched
F=Y SMUIE Bus Manager a0 4.0 40 3.3
RSN Commandakhilty _TC_Server 3.0 a3 1000 15.3
RS Time_Manager PP _Manager 1.5 1000.0 1000.0 195
RS Memary_Manager S00.0 1000.0 1000.0 13800 D
RSW_SMU_K Bus_Manager 3.3 |1ﬂ

1000

HRT-UML and Ada Ravenscar Profile

16/06/10

Ok Help

Page 18 ‘ © GMV, 2010




EXAMPLE: SENTINEL 3 OLCI ICM SW (11)

! Hyperplane Analysis

Speed Factor =108,1%

Hame deadline
RS SKMUIF Bus Manager 4

Ro Commandakbilty _TC _Server X
RS Time_Manager PP>_Manager : 1.000
RS Memory _Manager 1.000
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EXAMPLE: SENTINEL 3 OLCI ICM SW(12)

% Response Time Analysis

RSW_Memory_Manager

Hame /7 \  Wcet Deadline Period Response Sched

REW_SMU I Bus Manzger 26 ) 4.0 40 23999994
RS0 Commandahiity _TC_Server a0 230 1000 11089993
R=0 Time_Manager PP=_Manager 15 1000.0 1000.0 152
F= Memory_Manager a00.0 1000.0 1000.0 5947 69335

RSW _SMU_K Bus_Manager 2.8999999 | 4.0

RSW_Commandability_TC Server  11.099999 D 33.0

RSW_Time_Manager_PPS_Manager I 15.2 1000

1000}

HRT-UML and Ada Ravenscar Profile

16/06/10
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Help

Page 20 ‘ © GMV, 2010




DIFFICULTIES

= HRT-UML model restrictions to comply Ravenscar Profile seem to
be more restrictive than the profile itself.

= HRT-UML classes and Data types

— Objects are instances of Classes :a Serdizer Seriizer

— Attributes are instances of Data Types. earact
Arguments of operations are also based on ———
Data Types ==naer== Depost

— Data Type and UML class concept are the SRS
same: Not completely necessary to have Data

Types, could be replaced by Passive classes

— Implications from schedulability point of view and HRT-UML consistency
needs to investigated
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RAVENSCAR RUN-TIME KERNEL

m Apart from specific Ravenscar kernels on ERC32:
GNAT Pro (Adacore): Being qualified for ECCS-E40-B level-B.
ERC32 Ada (XGC)
ObjectAda RAVEN (Aonix)
GNAT/ORK
= Same approach can be achieved using ESA’s RTEMS:
= Possible to reproduce Ravenscar restrictions on top on RTEMS

= RTEMS provides the same Ravenscar scheduling model: pre-
emptive fixed priority scheduling and priority ceiling protocol when
accessing to shared sections

= RTEMS Ada API is not used due to:
-~ OAR has stopped to support ADA for RTEMS

— The only qualified API (under level B qualification process,
performed by RTEMS Center) is the RTEMS Classic API

= Solution based on using GNAT Pro for ERC32 compiler using Zero-
Foot-Print run time system on top RTEMS Classic API
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CONCLUSIONS

= Covered expectations

— An integrated solution (method + toolset) for the design of
embedded real-time systems

— Assessment of timing and performance requirements during the
whole development lifecycle, as requested by ECSS-E-ST-40C

« Technical Budgets :

- Memory size, X (manually done)

- CPU utilization and
« Schedulability analysis for real-time software
« Behaviour modelling verification

— Possibility of accurate analysis of real-time behaviour by choice of
scheduling/dispatching method together with suitable restrictions
on the interactions allowed between tasks
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Thank you

Ana Isabel Rodriguez
airodriguez@gmyv.com
WWW.gmv.com

INNOVATING SOLUTIONS



