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Statische Laufzeitanlyse von Betriebssystemaufrufen

NUM_TASKS:
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Interaktive Annotation
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Interaktive Annotation

0000000
[platin] DEBUG: 74: constraint __debug_upper_bound v20: (main)test.c:5/0/5->(109
op) test.c:3 <= 10000000
[platin] DEBUG: 75: constraint debug upper bound v21: (main)test.c:5/0/9 <= 1
0000000
[platin] DEBUG: 76: constraint __debug upper_bound v22: (main)test.c:5/0/9->(gyl
lard) test.c:4 <= 10000000
[platin] DEBUG: 77: constraint debug upper bound v23: (main)test.c:5/0/13 <=
10000000
[platin] DEBUG: 78: constraint debug_upper _bound v24: (main)test.c:5/0/13->(d|
lallees)test.c:2 <= 10000000
[platin] DEBUG: 79: constraint __debug_upper_bound v25: (main)test.c:5/0/17 <=
10000000
[platin] DEBUG: 80: constraint debug upper bound v26: (main)test.c:5/0/17->(f
aulty annotation)test.c:0 <= 10000000
[platin] DEBUG: 81: constraint __debug_upper_bound v27: (callees)test.c:2/0/9
= 10000000
[platin] DEBUG: 82: constraint debug upper bound v28: (callees)test.c:2/0/9-
(add)test.c:1 <= 10000000
i DEBUG: #<Set:0x00000002733168>

WARNING: ILP: Unbounded loops: (guard)test.c:4/2, (loop)test.c:3/1

WARNING: Unbounded hint [(guard)test.c:4/2]: test.c:38

WARNING: Unbounded hint [(loop)test.c:3/1]: test.c:29

WARNING: WCA: ILP failed: LPSolver Error: UNBOUNDED (E3)

INFO: Finished run WCET analysis (platin) in 19 ms
[platin] INFO: best WCET bound: -1 cycles
- analysis-entry: main

source: platin
cycles: -1

>
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Interaktive Annotation

> wcet main
0000000
> visualize ilp main
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Interaktive Annotation
||

machinecode

(main)testc:S

teste:S/0/9 teste:SI0/13 test.e:S/I0/17
i x0

I x0 i x0
(callees)tet.c:2 (faulty_arhotation)test.c:0
faulty_annotatio

I x23

i x0

Lul\lt«'\l el

testedl2
for.cond

test.e:38
loopheader

Ix1i
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Interaktive Annotation

machinecode

(main)testc:S

teste:S/0/9 teste:SI0/13 test.e:S/I0/17

i x0

%0 I x0 i x0

(quardytest.e:) (calleesigte2 | [ (faulty

faulty_annotatio

arotation)test.c:0

I x23

volatile int j = PENDING EVENTS;
int loop() {
int i = 0;
while (i <= j) {
i++;

3
return i;
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Interaktive Annotation

0000000
> vis

> annotate loop/while.cond lbound "PENDING EVENTS + 1"
>
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Interaktive Annotation

machinecode

(main)testc:S

hotation)test.c:0

(loop)test.c:3 / (guardytest.c:4f (callees)teft.c:2 (faulty_ar}
faulty_annotation

I x23

i x0

Lul\lt«'\l el

testedl2
for.cond

test.e:38
loopheader

Ix1i

Systemgewahre statische Laufzeitanalyse von Universalbetriebssystemen (18.10.2018)

simon.schuster@fau.de



Interaktive Annotation

>

> annotate guard/if.then guard
>

O simon.schuster@fau.de System hre statische Laufzeitanalyse von Universalbetriebssystemen (18.10.2018)




Interaktive Annotation

chinecode
>

nnotate guard/if.then guard "BUFSIZE < 10"
[platin] DEBUG: 50: constraint structural entry: (main)test.c:5/0->exit =1
[platin] DEBUG: 51: constraint callers_(loop)test.c:3: (loop)test.c:3/0->(loop)
test.c:3/1 = (main)test.c:5/0/5->(loop)test.c:3
[platin] DEBUG: 52: constraint callers (guard)test.c:4: (guard)test.c:4/0->(gual
rd)test.c:4/1 + (guard)test.c:4/0->(guard)test.c:4/3 = (main)test.c:5/0/9->(gua
d)test.c:4
[platin] DEBUG: 53: constraint callers_(callees)test.c:2: (callees)test.c:2/0-
lexit = (main)test.c:5/0/13->(callees)test.c:2
[platin] DEBUG: 54: constraint callers (faulty annotation)test.c:0: (faulty ann|
otation)test.c:0/0->(faulty annotation)test.c:0/1 = (main)test.c:5/0/17->(fault
| annotation)test.c:0
[platin] DEBUG: 55: constraint callers_(add)test.c:1: (add)test.c:1/0->exit = (
callees)test.c:2/0/9->(add)test.c:1
[platin] DEBUG: 56: constraint ff 1: (faulty annotation)test.c:0/2->(faulty ann|
otation)test.c:0/1 <= 42 (faulty annotation)test.c:0/3->exit
[platin] DEBUG: 57: constraint ff_2: (loop)test.c:3/2->(loop)test.c:3/1 <= 43 (
[Loop) test.c:3/3->exit
[platin] DEBUG: 58: constraint ff 3: (guard)test.c:4/1->(guard)test.c:4/2 <= 0
[platin] DEBUG: 59: constraint ff 4: (faulty annotation)test.c:0/1->(faulty ann|
otation)test.c:0/2 + (faulty annotation)test.c:0/1->(faulty annotation)test.c:0/
3 <= 43 (faulty_annotation)test.c:0/0->(faulty annotation)test.c:0/1
[platin] DEBUG: 60: constraint ff 5: (loop)test.c:3/1->(loop)test.c:3/2 + (loop
)test.c:3/1->(loop)test.c:3/3 <= 44 (loop)test.c:3/0->(loop)test.c:3/1
[platin] DEBUG: #<Set:0x000000010ee8a8>
[platin] INFO: Finished run WCET analysis (platin) in 15 ms
[platin] INFO: best WCET bound: 1017 cycles
- analysis-entry: main

source: platin

cycles: 1017
>
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Interaktive Annotation

>

nnotate guard/if.then guard 0"
[platin] DEBUG: 50: constraint structural entry: (main)test.c:5/0->exit =1
1 2 test.c
return i;
}

int add(int a, int b) {
return a + b;
}

int (*funptr)(int a, int b) = &add;
int callees() {
#pragma platina callee "[add]"
return (*funptr) (42, 42);

i

volatile int j = PENDING_EVENTS;
int loop() {

int 1 = 0;

Bhile (i <= j) {
P master > test.c unix < utf-8 < c
test.c|29| + #pragma platina lbound "PENDING EVENTS + 1"
test.c|38| + #pragma platina guard "BUFSIZE < 10"

[No Name]
(1 of 2): + #pragma platina lbound "PENDING EVENTS + 1"
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System-wide WCET Analyzer
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Fallstudie 14Copter (1)

GatherlnitiateTask (24)

schedlock() GatherTimeoutTask (23)
resume ()
resume ()

schedunlock ()

suspend (self)

resume ()
suspend (self) I

GatherFinishedTask (25)

resume ()
resume ()
suspend (self)

ActuateTask (22) AttitudeTask (21)

suspend (self) suspend (self)
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Fallstudie 14Copter (1)

GatherlnitiateTask (24)

schedlock() GatherTimeoutTask (23)
resume ()
resume ()

schedunlock ()
suspend (self)

resume ()
suspend (self) I

GatherFinishedTask (25)

resume ()
resume ()
suspend (self)

ActuateTask (22) AttitudeTask (21)

suspend (self) suspend (self)

void ResumeTask(struct tcb* next) {
V2
if (next->prio > cur->prio) {
#pragma platina guard "NEXT_PRIO > CUR_PRIO"
reschedule(); // ezpensive

Y
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Fallstudie 14Copter (1)

GatherlnitiateTask (24)

schedlock() GatherTimeoutTask (23)
resume ()
resume ()

schedunlock ()
suspend (self)

resume ()
suspend (self) I

GatherFinishedTask (25)

resume ()
resume ()
suspend (self)

ActuateTask (22) AttitudeTask (21)

suspend (self) suspend (self)

void ResumeTask(struct tcb* next) {
V2
if (next->prio > cur->prio) {
#pragma platina guard "NEXT_PRIO > CUR_PRIO"
reschedule(); // ezpensive

Y/
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Fallstudie 14Copter (I1)
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Fallstudie 14Copter (I1)

WCET (Zyklen)
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Schlimmstmdgliche Antwortzeit des Aufgabensystems um 40,7 % geringer
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Zusammenfassung

m  statische Laufzeitanalyse von Universalbetriebssystemen problematisch
= Pfadidentifikation
= Abhangigkeit vom dynamischen Laufzeitkontext

= Loésungsansatz: modellbasierte, parametrierbare statische Laufzeitanalyse
v/ Annotationssprache auf Hochsprachenebene

v/ Optimierungsgewahre Integration in Ubersetzer und Laufzeitanalyse
v/ Effiziente Annotation durch interaktive, integrierte Annotationsumgebung

m  Ermoglicht statische Laufzeitanalyse kompletter Betriebssysteme

= Kontextgewahre Analyse ermdglicht tiber 40 % bessere Schranken

https://gitlab.cs.fau.de/SWAN/
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