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Motivation ey HEU @
L)

* Projekt OpenPearl

» PEARL-System (Compiler and Runtime System)
» Opensource Projekt auf Sourceforge!
» Leitung: Prof. Dr. Rainer Muller (HFU)
Dipl.-Inform. Marcel Schaible (FernUniversitat Hagen)
* Ziele:
—PEARL als Realtime Programmiersprache in der Lehre einzusetzen
— Zielplattformen sind alle Linuxdistributionen und FreeRTOS

» Einschrankung: C++ muss verfiigbar sein

1. Sourceforgen.net ist eine Website, die es Programmierern ermdglicht quell-offene Projekte zu erstellen und zu verwalten.
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Aufgabenstellung e HFU 0)’
A —4

* Ziele:
* Entwicklung von Testprogrammen
— Basis: DIN 66253-2 Spezifikation
* Automatisierte starten und auswerten der Testprogramme
* Abgrenzung:
— Tasking, Semaphoren und Operatoren (FLOAT)
— Plattform Linux (Debian 7)

* Weiteres Ziel:
» Erganzung der DIN 66253-2 Spezifikation
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Grundlagen i HFU o)p
Programmiersprache PEARL &

 Eckdaten:

— Process and Experiment Automation Realtime Language (PEARL)
— Hohere Programmiersprache (PASCAL artig)
— Entstand 1975 an der Leibniz Universitat in Hannover

— Bietet eine komfortable u. sichere Programmierung von Multitasking- u.
Echtzeitaufgaben

— Aktuelle Normung ist die DIN 66253-2 (April 1998)
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Grundlagen i HFU o)p
Programmiersprache PEARL &

» Sprachliche Mittel zur Tasksteuerung

— ACTIVATE (Starten)

— TERMINATE (Beenden)
— SUSPEND (Anhalten)

— CONTINUE (Fortsetzen)
—RESUME (Verzogern)
—PREVENT (Ausplanen)
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Grundlagen
Programmiersprache PEARL
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Grundlagen i HFU o)p
Programmiersprache PEARL &

* Beispiele:

— AT 12:00:00 ACTIVATE Protokoll;

—AFTER 1 SECALL 2 SEC DURING 6 SEC ACTIVATE Protokoll;
—AFTER 1.5 SEC RESUME TaskMain;

— SUSPEND Task?;

— CONTINUE Task2 PRIO 2;

— PREVENT Protokoll;

— TERMINATE Task2;
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Analyse s HFU :)J

Scheduler in PEARL vergl. Linux &
« PEARL * Linux User
+

— Round-Robin-Prinzip

e Linux Super-User

—Prioritat 1 ... 255

Terminal - christian@debian7: ~

V_Flleigiqit View Ienninal go ﬂe'?
christian@debian7:~$ chrt -m

SCHED OTHER min/max priority : 0/0
SCHED i x priority : 1/99
<_SCHED RR min/max priority : 1/99 >
SCHED Tn7/maxpriority 1 0/0
SCHED_IDLE min/max priority : 0/0
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Analyse s HFU :)J

Taskzustandstabelle (Scheduled Continue) N —4

PEARL Scheduled CONTINUE executing Scheduled CONTINUE
Taskstate SA [ sC TS SA [ SC TS
active [sa =0, sc = 0] NC | 1 NC NC| O not possible
active [sa=0, sc =1] NC | 1 NC NC| O NC
active [sa=1, sc =0] NC | 1 NC NC| O not possible
active [sa=1,sc=1] NC | 1 NC NC| O NC
suspended [sa =0, sc = 0] NC | 1 NC NC| O not possible
suspended [sa =0, sc = 1] NC | 1 NC NC| O active
suspended [sa = 1, sc = 0] NC | 1 NC NC| O not possible
suspended [sa=1,sc=1] NC | 1 NC NC| O active
terminated [sa = 0, sc = 0] NC | 1 NC NC | O not possible
terminated [sa =0, sc = 1] NC | 1 NC NC| O NC
terminated [sa = 1, sc = 0] NC | 1 NC NC| O not possible
terminated [sa =1, sc = 1] NC | 1 NC NC| O NC
blocked(synch) [sa=0, sc = 0] NC | 1 NC NC| O not possible
blocked(synch) [sa =0, sc = 1] NC | 1 NC NC| O NC
blocked(synch) [sa =1, sc = 0] NC | 1 NC NC| O not possible
blocked(synch) [sa =1, sc = 1] NC | 1 NC NC| O NC
suspended(synch) [sa = 0, sc = 0] NC | 1 NC NC| O not possible
suspended(synch) [sa = 0, sc = 1] NC | 1 NC NC| O blocked (synch)
suspended(synch) [sa =1, sc =0] NC | 1 NC NC| O not possible
suspended(synch) [sa =1, sc = 1] NC | 1 NC NC| O blocked (synch)
blocked(io) [sa =0, sc = 0] NC | 1 NC NC| O not possible
blocked(io) [sa =0, sc = 1] NC | 1 NC NC| O NC
blocked(io) [sa =1, sc = 0] NC | 1 NC NC| O not possible
blocked(io) [sa =1, sc = 1] NC | 1 NC NC| O NC
suspended(io) [sa = 0, sc = 0] NC | 1 NC NC| O not possible
suspended(io) [sa = 0, sc = 1] NC | 1 NC NC| O blocked (io)
suspended(io) [sa = 1, sc = 0] NC | 1 NC NC | O not possible
suspended(io) [sa =1, sc = 1] NC | 1 NC NC| O blocked (io)
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Analyse s HFU :)J

Taskzustandstabelle (Scheduled Continue) &
T PEARL Scheduled CONTINUE executing Scheduled CONTINUE
Taskstate T SA | SC TS SA | SC TS
active [sa =0, sc = 0] NC | 1 NC NC | O not possible
active [sa =0, sc = 1] NC | 1 NC NC| O NC
active [sa =1, sc = 0] NC | 1 NC NC | O not possible
active [sa=1,sc=1] NC | 1 NC NC | O NC
suspended [sa = 0, sc = 0] NC | 1 NC NC| O not possible
suspended [sa =0, sc = 1] NC | 1 NC NC | O active
suspended [sa = 1, sc = 0] NC | 1 NC NC| O not possible
=lsc=1] NC 1 NG NC 1O active

terminated [sa = 0, sc = 0] NC | 1 NC NC| O not possible
terminated [sa = 0, sc = 1] NC | 1 NC NC | O NC
terminated [sa = 1, sc = 0] NC | 1 NC NC| O not possible
terminated [sa =1, sc = 1] NC | 1 NC NC 0 NC

— PEARL CONTINUE (by self) CONTINUE (by other)
Taskstate T ———___ | 58A|5C TS SA | SC 5
active [sa =0, sc =0] NC NC NC NC | NC pot possible
active [sa = 0, sc = 1] NC O NC NC | NC pot possible
active [sa = 1, sc = 0] NC NC MNC NC | NC | pot possible
active [sa=1,sc =1] NC NC NC NC | NC pot possible
suspended [sa =0, sc =0] NC NC pot possible NC | NC active
suspended [sa = 0, sc = 1] NC NC pot possible NC | O active
suspended [sa = 1, sc = 0] NC  NC pot possible NC | NC active

=1, s =1] NC NC pot possible NC| O active 1
terminated [sa =0, sc = 0] NC NC pot possible NC | NC = NC + TaskTerminatedSignal
terminated [sa =0, sc = 1] NC NC pot possible NC | O NC + TaskTerminatedSignal
terminated [sa =1, sc =0] NC NC pot possible NC | NC  NC + TaskTerminatedSignal
terminated [sa =1, sc = 1] NC NC pot possible NC | O NC + TaskTerminatedSignal
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Testanwendungen ey HEU 0)’

Beispiel zu Tasking &
1.

2. Task1: TASK PRIO 3 MAIN;

3. varTask1 :=varTask1 + 1;

4, ACTIVATE Task2 PRIO 2;

5.

6. ACTIVATE Task2;

1.

8. AFTER 1 SEC RESUME;

9. _ cpp__(if(_varTask2.x == 2 && _varTask1.x == 1 && _check.x ==2) {*
10. " pearlrt::Control::setExitCode(0);

11.

12. END;

13. Task2: TASK PRIO 4;
14.  varTask2 :=varTask2 + 1:

15. END:;
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Testanwendungen e HFU @
Abhangigkeiten Tasking

703_semaphore_diffPrio.prl B 704_counting_semaphore.prl —» 707_two_counting_semaphore.prl

701_twoSemaphore_samePrio.prl

. A |
ilil e pringre [ es) 702_semaphore_blocked_after_request.prl

700_oneSemaphore_samePrio.prl

608_suspend_suspend.prl
>

- 609_suspend_terminate.prl

603_tasking_Prevent.prl

—
602_tasking_AllDuring.prl 616_prevent_afterResume.prl 622_terminate_terminate.prl

>

- -
604_tasking_Terminate.prl 615_prevent_allDuring.prl

000-500 Testrubriken

-
607 _activate_activate.prl 620_activate_overrun.prl
612_prio_out_of_range.prl
614_terminate_self.prl

617_activatePrio_activate.prl

619_activate_sched_activate.prl

19
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Testanwendungen ey HEU 0)’
Abhangigkeiten Tasking &

_— — ‘“-ﬁ._____ —
603_tasking_Prevent.prl > 621_prevent_sched_continue_two.prl
I’,."'.l /, - \__:\ —
I 602 _tasking_AllDuring.prl 616_prevent_afterResume.prl
/;/ ~ __"\*-:::__ o L
o \...I — ro.
600 _two_tasks.prl - 604 _tasking_Terminate.prl - 615 prevent_allDuring.prl
- _al] \
\\\ ,\\\\ — _____# ~— _
\\ 607 _activate_activate.prl T 620_activate_overrun.prl
\\ \ ~—
-
o 612_prio_out_of_range.prl
\\_ Y
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Testanwendungen e HFU 0)’
V

Operatoren

» Datentyp FLOAT
— FLOAT(24)
— FLOAT(53)

 monadische u. dyadische Operatoren

* Operatoren Testprogramme prifen nur die Funktionalitat nicht die
Genauigkeit

» Eine gewisse Ungenauigkeit wird toleriert
— Epsilon bei FLOAT(24) = 1*10
— Epsilon bei FLOAT(53) = 1*10-
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Testanwendungen ey HFU 0)’
Automatisierte Starten und Auswerten A —4

. ritzlerc@pearl:~/pc/testsuite/run$ make help
° 2 She” Skrlpte make help : this output

make build : build all tests
" make allrun : tests for run results (all targets)
— 1 Ubersetzen und Starten make clean : remove all output files
make run : tests for run results (except known problems)
make all : build and tests all files

— 2. Auswerten
o She” Skripte sind im Makefile e e P ast ue/rund make buitd

' program : pri-=c++ prl-=bin
e| ng e b u n de n 400_float_operators one.prl : PASSED PASSED
401 float_operators_two.prl : PASSED PASSED
402 _float_signal_command length.prl : PASSED PASSED
k b 'Id 403 float _operators_three.prl : PASSED PASSED
- ma e UI 600_two_tasks.prl : PASSED PASSED
601 _tasking_SuspendContinue.prl : PASSED PASSED
602_tasking_ Al1lDuring.prl : PASSED PASSED
—Mma ke run 603_tasking_Prevent.prl : PASSED PASSED
604 tasking_Terminate.prl : PASSED PASSED
605 tasking_activate signal_one.prl : PASSED PASSED
606 _Continue.prl : PASSED PASSED
607 _activate activate.prl : PASSED PASSED
608 suspend suspend.prl : PASSED PASSED

Christian Ritzler, Fakultat MME, 12.11.2015
Studiengang ETI



Testanwendungen ey HFU 0)
Automatisierte Starten und Auswerten N —4

FitZ'L?FC@Dea rl:~/pc/testsuite/run$ make run root@pearl:/home/ritzlerc/pc/testsuite/run# make run
run simple test programs run simple test programs
401 loat operators_tud . pass 401 loat operatore_iue . pass
— _CF _ : 401 float operators two : pass
402_float_signal_command_length pass 402_float_signal_command_length : pass
ggg_ﬂoat_oﬁerators_three _ ?as_f - 403_float_operators_three : pass
_two_tasks : ai 600_two_tasks : pass
601_tasking_SuspendContinue : pass 601_tasking SuspendContinue : pass
ggg_zzzﬁ:g_é}}e%;ing E::: 602 tasking AL1lDuring : pass
_ _ : 603 tasking Prevent : ass
604_task%ng_Ter‘minate . : pass 604:tasking:Ter"minate : 2355
605_task}ng_actlvate_SJ_gna'L_one : pass 605 tasking activate signal _one : pass
606_Con’lc1nue . : pass 606_Continue : pass
ggg_actlva’ée_actl\fzte : pass 607 activate activate : pass
_suspend_suspen : pass 608 suspend suspend : pass
6@9_su§pend_term%nate : e pass e 609_suspend_terminate : pass
61l_pr%o_range_llnux : fail 611 prio_range linux : pass
612_prlo_out_of7range : pass 6512 prio_out of range : pass
613_r‘esurpe_cont1nue : pass 613 resume continue : pass
614_ter‘m1nate_selfl : pass 614 terminate self : pass
615 prevent_allDuring : pass 615:pre\.rent_af1During : pass
616_prevent_afterResume Py PESS L 616 _prevent afterResume : pass
617_actlvatePrlo_actlv{:\te : fail 617 activatePrio activate : pass
618_pre\l.rent_sched_contJl_nue : pass 618 prevent sched continue : pass
619_actJl.vate_sched_actlvate : pass 619 activate sched activate : pass
620_activate overrun pass 620_activate_overrun : pass
621_pre\.rgnt_sched_cl:ontlnue_two : pass 621 prevent_sched_continue_two : pass
622_terminate_terminate : pass 622_terminate_terminate : pass
700_ocneSemaphore_samePrio POKEE fail HAw N o i :
?Gl:twoSemaghore:samePrio DR fail e ;g?‘gaggzmggpg:2‘::%5;12 E:::
;gg_semapﬂore_g}?::cl;ecli_after_request ovEE fall w 702 semaphore_blocked after request : pass
semaphore diffPrio : ass ; ; .
704_coun?ing semaphore ; Wk ?ail H ;gi‘iiﬂigziregg;;fﬁgi : pgiz
7@5_Continue_Semaphore poREE fgil R _ o ° : 0
?06_suspend ponapt : pass 705 Continue Semaphore : pass
707 two_counting_semaphore L fail *** 706_suspend_b'lLocked . i
_two_ 9_ P : 707 two_counting semaphore : pass
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Ergebnis i HFU @
L)

» 35 Fehler im PEARL-Sprachsystem entdeckt
* 25 groRere Fehler
* 10 kleine Fehler

* Alle aufgedeckten Fehler sind behoben

» 2 Shell-Skripte fUr das automatisierte Starten und Auswerten

» Taskzustandstabellen
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Ausblick ey HEU @
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* Weitere Testprogramme
— z.B. Ein- und Ausgabe

* Alle C++ Anteile aus den Testprogrammen entfernen
» Belastungs- und Genauigkeitstests

» Portierung der Testprogramme auf eine andere Plattform
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VIELEN DANK FUR IHRE AUFMERKSAMKEIT!

Name: Christian Ritzler
Email: christian.ritzler@hs-furtwangen.de

Weitere Infos unter:
http://sourceforge.net/projects/openpearl/?source=navbar
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