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}
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}
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"NUM_TASK"

/* ... */
}

while (next &&
next->t <= cur->t) {

#pragma platina lbound
"NUM_TASK"

/* ... */
}

Übersetzer

Laufzeit-
analyse


tskTaskControlBlock Task 1

pxNext
pxPrevious
ulCounter = 11
. . .

tskTaskControlBlock Task 2
pxNext
pxPrevious
ulCounter = 33
. . .

tskTaskControlBlock Task 3
pxNext
pxPrevious
ulCounter = 42
. . .

NULL
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C

Platina-Annotation

Peaches

Modell

Original

for(i=0; i < len(l); i++){
#pragma platina lbound LEN

x++;
}
x++;
x++;

Rerolling

for(i=0; i < len(l) + 2; i++){
#pragma platina lbound LEN+2

x++;
}
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Interaktive Annotation
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Interaktive Annotation
> wcet main                                                                      
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                

0000000                                                                         
[platin] DEBUG:  74: constraint __debug_upper_bound_v20: (main)test.c:5/0/5->(lo
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->(gu
ard)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->(c
allees)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                                                       
[platin] DEBUG: #<Set:0x00000002733168>                                         
[platin] WARNING: ILP: Unbounded loops: (guard)test.c:4/2, (loop)test.c:3/1     
[platin] WARNING: Unbounded hint [(guard)test.c:4/2]: test.c:38                 
[platin] WARNING: Unbounded hint [(loop)test.c:3/1]: test.c:29                  
[platin] WARNING: WCA: ILP failed: LPSolver Error: UNBOUNDED (E3)               
[platin] 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                                                                         
[platin] DEBUG:  74: constraint __debug_upper_bound_v20: (main)test.c:5/0/5->(lo
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->(gu
ard)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->(c
allees)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                                                       
[platin] DEBUG: #<Set:0x00000002733168>                                         
[platin] WARNING: ILP: Unbounded loops: (guard)test.c:4/2, (loop)test.c:3/1     
[platin] WARNING: Unbounded hint [(guard)test.c:4/2]: test.c:38                 
[platin] WARNING: Unbounded hint [(loop)test.c:3/1]: test.c:29                  
[platin] WARNING: WCA: ILP failed: LPSolver Error: UNBOUNDED (E3)               
[platin] INFO: Finished run WCET analysis (platin)          in 19 ms            
[platin] INFO: best WCET bound: -1 cycles                                       
---                                                                             
- analysis-entry: main                                                          
  source: platin                                                                
  cycles: -1                                                                    
>                                                                               

> visualize ilp main                                                             
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Interaktive Annotation
> wcet main                                                                      
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                

0000000                                                                         
[platin] DEBUG:  74: constraint __debug_upper_bound_v20: (main)test.c:5/0/5->(lo
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->(gu
ard)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->(c
allees)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                                                       
[platin] DEBUG: #<Set:0x00000002733168>                                         
[platin] WARNING: ILP: Unbounded loops: (guard)test.c:4/2, (loop)test.c:3/1     
[platin] WARNING: Unbounded hint [(guard)test.c:4/2]: test.c:38                 
[platin] WARNING: Unbounded hint [(loop)test.c:3/1]: test.c:29                  
[platin] WARNING: WCA: ILP failed: LPSolver Error: UNBOUNDED (E3)               
[platin] INFO: Finished run WCET analysis (platin)          in 19 ms            
[platin] INFO: best WCET bound: -1 cycles                                       
---                                                                             
- analysis-entry: main                                                          
  source: platin                                                                
  cycles: -1                                                                    
>                                                                               

> visualize ilp main                                                             
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Interaktive Annotation
> wcet main                                                                      
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                

0000000                                                                         
[platin] DEBUG:  74: constraint __debug_upper_bound_v20: (main)test.c:5/0/5->(lo
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->(gu
ard)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->(c
allees)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                                                       
[platin] DEBUG: #<Set:0x00000002733168>                                         
[platin] WARNING: ILP: Unbounded loops: (guard)test.c:4/2, (loop)test.c:3/1     
[platin] WARNING: Unbounded hint [(guard)test.c:4/2]: test.c:38                 
[platin] WARNING: Unbounded hint [(loop)test.c:3/1]: test.c:29                  
[platin] WARNING: WCA: ILP failed: LPSolver Error: UNBOUNDED (E3)               
[platin] INFO: Finished run WCET analysis (platin)          in 19 ms            
[platin] INFO: best WCET bound: -1 cycles                                       
---                                                                             
- analysis-entry: main                                                          
  source: platin                                                                
  cycles: -1                                                                    
>                                                                               

> visualize ilp main                                                             
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exit

1 × 23

test.c:3
loop

1 × 0

test.c:4
guard

1 × 0

test.c:2
callees

1 × 0

test.c:0
faulty_annotation

1 × 0

test.c:0/0
entry

test.c:7

test.c:0/1
while.cond

test.c:8
loopheader

1 × 4

test.c:0/2
while.body

test.c:10

42 × 7

test.c:0/3
while.end
test.c:13

1 × 7 42 × 4

1 × 3

test.c:2/0
entry

test.c:23

test.c:2/0/9

1 × 12test.c:1
add

1 × 0

test.c:1/0
entry

test.c:17

1 × 11

test.c:4/0
entry

test.c:37

test.c:4/1
if.then

test.c:38

6

test.c:4/3
if.else

test.c:40

1 × 6

test.c:4/2
for.cond
test.c:38

loopheader

1

1 × 2

∞ × 1

test.c:3/0
entry

test.c:28

test.c:3/1
while.cond

test.c:29
loopheader

1 × 4

test.c:3/2
while.body

test.c:30

∞ × 7

test.c:3/3
while.end
test.c:32

1 × 7 ∞ × 4

1 × 3

simon.schuster@fau.de Systemgewahre statische Laufzeitanalyse von Universalbetriebssystemen (18.10.2018) 7 – 11



Interaktive Annotation
> wcet main                                                                      
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                

0000000                                                                         
[platin] DEBUG:  74: constraint __debug_upper_bound_v20: (main)test.c:5/0/5->(lo
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->(gu
ard)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->(c
allees)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                                                       
[platin] DEBUG: #<Set:0x00000002733168>                                         
[platin] WARNING: ILP: Unbounded loops: (guard)test.c:4/2, (loop)test.c:3/1     
[platin] WARNING: Unbounded hint [(guard)test.c:4/2]: test.c:38                 
[platin] WARNING: Unbounded hint [(loop)test.c:3/1]: test.c:29                  
[platin] WARNING: WCA: ILP failed: LPSolver Error: UNBOUNDED (E3)               
[platin] INFO: Finished run WCET analysis (platin)          in 19 ms            
[platin] INFO: best WCET bound: -1 cycles                                       
---                                                                             
- analysis-entry: main                                                          
  source: platin                                                                
  cycles: -1                                                                    
>                                                                               

> visualize ilp main                                                             
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Interaktive Annotation
> wcet main                                                                      
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                

0000000                                                                         
[platin] DEBUG:  74: constraint __debug_upper_bound_v20: (main)test.c:5/0/5->(lo
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->(gu
ard)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->(c
allees)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                                                       
[platin] DEBUG: #<Set:0x00000002733168>                                         
[platin] WARNING: ILP: Unbounded loops: (guard)test.c:4/2, (loop)test.c:3/1     
[platin] WARNING: Unbounded hint [(guard)test.c:4/2]: test.c:38                 
[platin] WARNING: Unbounded hint [(loop)test.c:3/1]: test.c:29                  
[platin] WARNING: WCA: ILP failed: LPSolver Error: UNBOUNDED (E3)               
[platin] INFO: Finished run WCET analysis (platin)          in 19 ms            
[platin] INFO: best WCET bound: -1 cycles                                       
---                                                                             
- analysis-entry: main                                                          
  source: platin                                                                
  cycles: -1                                                                    
>                                                                               

> visualize ilp main                                                             
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                

machinecode

(main)test.c:5

(faulty_annotation)test.c:0(callees)test.c:2

(add)test.c:1

(guard)test.c:4(loop)test.c:3

unknown

test.c:5/0
entry

test.c:46

test.c:5/0/5 test.c:5/0/9 test.c:5/0/13 test.c:5/0/17

exit

1 × 23

test.c:3
loop

1 × 0

test.c:4
guard

1 × 0

test.c:2
callees

1 × 0

test.c:0
faulty_annotation

1 × 0

test.c:0/0
entry

test.c:7

test.c:0/1
while.cond

test.c:8
loopheader

1 × 4

test.c:0/2
while.body

test.c:10

42 × 7

test.c:0/3
while.end
test.c:13

1 × 7 42 × 4

1 × 3

test.c:2/0
entry

test.c:23

test.c:2/0/9

1 × 12test.c:1
add

1 × 0

test.c:1/0
entry

test.c:17

1 × 11

test.c:4/0
entry

test.c:37

test.c:4/1
if.then

test.c:38

6

test.c:4/3
if.else

test.c:40

1 × 6

test.c:4/2
for.cond
test.c:38

loopheader

1

1 × 2

∞ × 1

test.c:3/0
entry

test.c:28

test.c:3/1
while.cond

test.c:29
loopheader

1 × 4

test.c:3/2
while.body

test.c:30

∞ × 7

test.c:3/3
while.end
test.c:32

1 × 7 ∞ × 4

1 × 3

> annotate loop/while.cond lbound "PENDING_EVENTS + 1"                          
>                                                                               
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                

machinecode

(main)test.c:5

(faulty_annotation)test.c:0(callees)test.c:2

(add)test.c:1

(guard)test.c:4(loop)test.c:3

unknown

test.c:5/0
entry

test.c:46

test.c:5/0/5 test.c:5/0/9 test.c:5/0/13 test.c:5/0/17

exit

1 × 23

test.c:3
loop

1 × 0

test.c:4
guard

1 × 0

test.c:2
callees

1 × 0

test.c:0
faulty_annotation

1 × 0

test.c:0/0
entry

test.c:7

test.c:0/1
while.cond

test.c:8
loopheader

1 × 4

test.c:0/2
while.body

test.c:10

42 × 7

test.c:0/3
while.end
test.c:13

1 × 7 42 × 4

1 × 3

test.c:2/0
entry

test.c:23

test.c:2/0/9

1 × 12test.c:1
add

1 × 0

test.c:1/0
entry

test.c:17

1 × 11

test.c:4/0
entry

test.c:37

test.c:4/1
if.then

test.c:38

6

test.c:4/3
if.else

test.c:40

1 × 6

test.c:4/2
for.cond
test.c:38

loopheader

1

1 × 2

∞ × 1

test.c:3/0
entry

test.c:28

test.c:3/1
while.cond

test.c:29
loopheader

1 × 4

test.c:3/2
while.body

test.c:30

43 × 7

test.c:3/3
while.end
test.c:32

1 × 7 43 × 4

1 × 3
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Interaktive Annotation
> wcet main                                                                      
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                

0000000                                                                         
[platin] DEBUG:  74: constraint __debug_upper_bound_v20: (main)test.c:5/0/5->(lo
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->(gu
ard)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->(c
allees)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                                                       
[platin] DEBUG: #<Set:0x00000002733168>                                         
[platin] WARNING: ILP: Unbounded loops: (guard)test.c:4/2, (loop)test.c:3/1     
[platin] WARNING: Unbounded hint [(guard)test.c:4/2]: test.c:38                 
[platin] WARNING: Unbounded hint [(loop)test.c:3/1]: test.c:29                  
[platin] WARNING: WCA: ILP failed: LPSolver Error: UNBOUNDED (E3)               
[platin] INFO: Finished run WCET analysis (platin)          in 19 ms            
[platin] INFO: best WCET bound: -1 cycles                                       
---                                                                             
- analysis-entry: main                                                          
  source: platin                                                                
  cycles: -1                                                                    
>                                                                               

> visualize ilp main                                                             
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                

machinecode

(main)test.c:5

(faulty_annotation)test.c:0(callees)test.c:2

(add)test.c:1

(guard)test.c:4(loop)test.c:3

unknown

test.c:5/0
entry

test.c:46

test.c:5/0/5 test.c:5/0/9 test.c:5/0/13 test.c:5/0/17

exit

1 × 23

test.c:3
loop

1 × 0

test.c:4
guard

1 × 0

test.c:2
callees

1 × 0

test.c:0
faulty_annotation

1 × 0

test.c:0/0
entry

test.c:7

test.c:0/1
while.cond

test.c:8
loopheader

1 × 4

test.c:0/2
while.body

test.c:10

42 × 7

test.c:0/3
while.end
test.c:13

1 × 7 42 × 4

1 × 3

test.c:2/0
entry

test.c:23

test.c:2/0/9

1 × 12test.c:1
add

1 × 0

test.c:1/0
entry

test.c:17

1 × 11

test.c:4/0
entry

test.c:37

test.c:4/1
if.then

test.c:38

6

test.c:4/3
if.else

test.c:40

1 × 6

test.c:4/2
for.cond
test.c:38

loopheader

1

1 × 2

∞ × 1

test.c:3/0
entry

test.c:28

test.c:3/1
while.cond

test.c:29
loopheader

1 × 4

test.c:3/2
while.body

test.c:30

∞ × 7

test.c:3/3
while.end
test.c:32

1 × 7 ∞ × 4

1 × 3

> annotate loop/while.cond lbound "PENDING_EVENTS + 1"                          
>                                                                               
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                

machinecode

(main)test.c:5

(faulty_annotation)test.c:0(callees)test.c:2

(add)test.c:1

(guard)test.c:4(loop)test.c:3

unknown

test.c:5/0
entry

test.c:46

test.c:5/0/5 test.c:5/0/9 test.c:5/0/13 test.c:5/0/17

exit

1 × 23

test.c:3
loop

1 × 0

test.c:4
guard

1 × 0

test.c:2
callees

1 × 0

test.c:0
faulty_annotation

1 × 0

test.c:0/0
entry

test.c:7

test.c:0/1
while.cond

test.c:8
loopheader

1 × 4

test.c:0/2
while.body

test.c:10

42 × 7

test.c:0/3
while.end
test.c:13

1 × 7 42 × 4

1 × 3

test.c:2/0
entry

test.c:23

test.c:2/0/9

1 × 12test.c:1
add

1 × 0

test.c:1/0
entry

test.c:17

1 × 11

test.c:4/0
entry

test.c:37

test.c:4/1
if.then

test.c:38

6

test.c:4/3
if.else

test.c:40

1 × 6

test.c:4/2
for.cond
test.c:38

loopheader

1

1 × 2

∞ × 1

test.c:3/0
entry

test.c:28

test.c:3/1
while.cond

test.c:29
loopheader

1 × 4

test.c:3/2
while.body

test.c:30

43 × 7

test.c:3/3
while.end
test.c:32

1 × 7 43 × 4

1 × 3

> annotate guard/if.then guard "BUFSIZE < 10"                                   
>                                                                               
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                

simon.schuster@fau.de Systemgewahre statische Laufzeitanalyse von Universalbetriebssystemen (18.10.2018) 7 – 11



Interaktive Annotation
> wcet main                                                                      
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                

0000000                                                                         
[platin] DEBUG:  74: constraint __debug_upper_bound_v20: (main)test.c:5/0/5->(lo
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->(gu
ard)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->(c
allees)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                                                       
[platin] DEBUG: #<Set:0x00000002733168>                                         
[platin] WARNING: ILP: Unbounded loops: (guard)test.c:4/2, (loop)test.c:3/1     
[platin] WARNING: Unbounded hint [(guard)test.c:4/2]: test.c:38                 
[platin] WARNING: Unbounded hint [(loop)test.c:3/1]: test.c:29                  
[platin] WARNING: WCA: ILP failed: LPSolver Error: UNBOUNDED (E3)               
[platin] INFO: Finished run WCET analysis (platin)          in 19 ms            
[platin] INFO: best WCET bound: -1 cycles                                       
---                                                                             
- analysis-entry: main                                                          
  source: platin                                                                
  cycles: -1                                                                    
>                                                                               

> visualize ilp main                                                             
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                

machinecode

(main)test.c:5

(faulty_annotation)test.c:0(callees)test.c:2

(add)test.c:1

(guard)test.c:4(loop)test.c:3

unknown

test.c:5/0
entry

test.c:46

test.c:5/0/5 test.c:5/0/9 test.c:5/0/13 test.c:5/0/17

exit

1 × 23

test.c:3
loop

1 × 0

test.c:4
guard

1 × 0

test.c:2
callees

1 × 0

test.c:0
faulty_annotation

1 × 0

test.c:0/0
entry

test.c:7

test.c:0/1
while.cond

test.c:8
loopheader

1 × 4

test.c:0/2
while.body

test.c:10

42 × 7

test.c:0/3
while.end
test.c:13

1 × 7 42 × 4

1 × 3

test.c:2/0
entry

test.c:23

test.c:2/0/9

1 × 12test.c:1
add

1 × 0

test.c:1/0
entry

test.c:17

1 × 11

test.c:4/0
entry

test.c:37

test.c:4/1
if.then

test.c:38

6

test.c:4/3
if.else

test.c:40

1 × 6

test.c:4/2
for.cond
test.c:38

loopheader

1

1 × 2

∞ × 1

test.c:3/0
entry

test.c:28

test.c:3/1
while.cond

test.c:29
loopheader

1 × 4

test.c:3/2
while.body

test.c:30

∞ × 7

test.c:3/3
while.end
test.c:32

1 × 7 ∞ × 4

1 × 3

> annotate loop/while.cond lbound "PENDING_EVENTS + 1"                          
>                                                                               
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                

machinecode

(main)test.c:5

(faulty_annotation)test.c:0(callees)test.c:2

(add)test.c:1

(guard)test.c:4(loop)test.c:3

unknown

test.c:5/0
entry

test.c:46

test.c:5/0/5 test.c:5/0/9 test.c:5/0/13 test.c:5/0/17

exit

1 × 23

test.c:3
loop

1 × 0

test.c:4
guard

1 × 0

test.c:2
callees

1 × 0

test.c:0
faulty_annotation

1 × 0

test.c:0/0
entry

test.c:7

test.c:0/1
while.cond

test.c:8
loopheader

1 × 4

test.c:0/2
while.body

test.c:10

42 × 7

test.c:0/3
while.end
test.c:13

1 × 7 42 × 4

1 × 3

test.c:2/0
entry

test.c:23

test.c:2/0/9

1 × 12test.c:1
add

1 × 0

test.c:1/0
entry

test.c:17

1 × 11

test.c:4/0
entry

test.c:37

test.c:4/1
if.then

test.c:38

6

test.c:4/3
if.else

test.c:40

1 × 6

test.c:4/2
for.cond
test.c:38

loopheader

1

1 × 2

∞ × 1

test.c:3/0
entry

test.c:28

test.c:3/1
while.cond

test.c:29
loopheader

1 × 4

test.c:3/2
while.body

test.c:30

43 × 7

test.c:3/3
while.end
test.c:32

1 × 7 43 × 4

1 × 3

> annotate 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->(gua
rd)test.c:4/1 + (guard)test.c:4/0->(guard)test.c:4/3 = (main)test.c:5/0/9->(guar
d)test.c:4                                                                      
[platin] DEBUG:  53: constraint callers_(callees)test.c:2: (callees)test.c:2/0->
exit = (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->(faulty
_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
> wcet main                                                                      
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                

0000000                                                                         
[platin] DEBUG:  74: constraint __debug_upper_bound_v20: (main)test.c:5/0/5->(lo
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->(gu
ard)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->(c
allees)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                                                       
[platin] DEBUG: #<Set:0x00000002733168>                                         
[platin] WARNING: ILP: Unbounded loops: (guard)test.c:4/2, (loop)test.c:3/1     
[platin] WARNING: Unbounded hint [(guard)test.c:4/2]: test.c:38                 
[platin] WARNING: Unbounded hint [(loop)test.c:3/1]: test.c:29                  
[platin] WARNING: WCA: ILP failed: LPSolver Error: UNBOUNDED (E3)               
[platin] INFO: Finished run WCET analysis (platin)          in 19 ms            
[platin] INFO: best WCET bound: -1 cycles                                       
---                                                                             
- analysis-entry: main                                                          
  source: platin                                                                
  cycles: -1                                                                    
>                                                                               

> visualize ilp main                                                             
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                

machinecode

(main)test.c:5

(faulty_annotation)test.c:0(callees)test.c:2

(add)test.c:1

(guard)test.c:4(loop)test.c:3

unknown

test.c:5/0
entry

test.c:46

test.c:5/0/5 test.c:5/0/9 test.c:5/0/13 test.c:5/0/17

exit

1 × 23

test.c:3
loop

1 × 0

test.c:4
guard

1 × 0

test.c:2
callees

1 × 0

test.c:0
faulty_annotation

1 × 0

test.c:0/0
entry

test.c:7

test.c:0/1
while.cond

test.c:8
loopheader

1 × 4

test.c:0/2
while.body

test.c:10

42 × 7

test.c:0/3
while.end
test.c:13

1 × 7 42 × 4

1 × 3

test.c:2/0
entry

test.c:23

test.c:2/0/9

1 × 12test.c:1
add

1 × 0

test.c:1/0
entry

test.c:17

1 × 11

test.c:4/0
entry

test.c:37

test.c:4/1
if.then

test.c:38

6

test.c:4/3
if.else

test.c:40

1 × 6

test.c:4/2
for.cond
test.c:38

loopheader

1

1 × 2

∞ × 1

test.c:3/0
entry

test.c:28

test.c:3/1
while.cond

test.c:29
loopheader

1 × 4

test.c:3/2
while.body

test.c:30

∞ × 7

test.c:3/3
while.end
test.c:32

1 × 7 ∞ × 4

1 × 3

> annotate loop/while.cond lbound "PENDING_EVENTS + 1"                          
>                                                                               
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                
                                                                                

machinecode

(main)test.c:5

(faulty_annotation)test.c:0(callees)test.c:2

(add)test.c:1

(guard)test.c:4(loop)test.c:3

unknown

test.c:5/0
entry

test.c:46

test.c:5/0/5 test.c:5/0/9 test.c:5/0/13 test.c:5/0/17

exit

1 × 23

test.c:3
loop

1 × 0

test.c:4
guard

1 × 0

test.c:2
callees

1 × 0

test.c:0
faulty_annotation

1 × 0

test.c:0/0
entry

test.c:7

test.c:0/1
while.cond

test.c:8
loopheader

1 × 4

test.c:0/2
while.body

test.c:10

42 × 7

test.c:0/3
while.end
test.c:13

1 × 7 42 × 4

1 × 3

test.c:2/0
entry

test.c:23

test.c:2/0/9

1 × 12test.c:1
add

1 × 0

test.c:1/0
entry

test.c:17

1 × 11

test.c:4/0
entry

test.c:37

test.c:4/1
if.then

test.c:38

6

test.c:4/3
if.else

test.c:40

1 × 6

test.c:4/2
for.cond
test.c:38

loopheader

1

1 × 2

∞ × 1

test.c:3/0
entry

test.c:28

test.c:3/1
while.cond

test.c:29
loopheader

1 × 4

test.c:3/2
while.body

test.c:30

43 × 7

test.c:3/3
while.end
test.c:32

1 × 7 43 × 4

1 × 3

> annotate 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->(gua
rd)test.c:4/1 + (guard)test.c:4/0->(guard)test.c:4/3 = (main)test.c:5/0/9->(guar
d)test.c:4                                                                      
[platin] DEBUG:  53: constraint callers_(callees)test.c:2: (callees)test.c:2/0->
exit = (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->(faulty
_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                                                                  
>                                                                               

 1  2 test.c                                                                    
 13     return i;                                                               
 14 }                                                                           
 15                                                                             
 16 int add(int a, int b) {                                                     
 17     return a + b;                                                           
 18 }                                                                           
 19                                                                             
 20 int (*funptr)(int a, int b) = &add;                                         
 21 int callees() {                                                             
 22     #pragma platina callee "[add]"                                          
 23     return (*funptr)(42, 42);                                               
 24 }                                                                           
 25                                                                             
 26 volatile int j = PENDING_EVENTS;                                            
 27 int loop() {                                                                
 28     int i = 0;                                                              
 29     hilew  (i <= j) {                                                        
 NORMAL   master  test.c                    unix  utf-8  c     50%   29:5  
  1 test.c|29| + #pragma platina lbound "PENDING_EVENTS + 1"                     
  2 test.c|38| + #pragma platina guard "BUFSIZE < 10"                           
~                                                                               
~                                                                               
~                                                                               
~                                                                               
~                                                                               
~                                                                               
~                                                                               
~                                                                               
 [No Name] -                                                     50%    1:1  
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Fallstudie I4Copter (I)

GatherInitiateTask (24)

schedlock()

if

{
resume()
resume()

schedunlock()
suspend(self)

GatherTimeoutTask (23)

resume()
suspend(self)

GatherFinishedTask (25)

resume()
resume()
suspend(self)

ActuateTask (22)

suspend(self)

AttitudeTask (21)

suspend(self)

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

reschedule(); // expensive
} // ...

}
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Fallstudie I4Copter (I)
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}
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AttitudeTask (21)

suspend(self)

void ResumeTask(struct tcb* next) {
// ...
if (next->prio > cur->prio) {
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Fallstudie I4Copter (II)
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⇒ Schlimmstmögliche Antwortzeit des Aufgabensystems um 40,7 % geringer
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⇒ Schlimmstmögliche Antwortzeit des Aufgabensystems um 40,7 % geringer
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Zusammenfassung

statische Laufzeitanalyse von Universalbetriebssystemen problematisch
Pfadidentifikation
Abhängigkeit vom dynamischen Laufzeitkontext

⇒ Lösungsansatz: modellbasierte, parametrierbare statische Laufzeitanalyse
3 Annotationssprache auf Hochsprachenebene
3 Optimierungsgewahre Integration in Übersetzer und Laufzeitanalyse
3 Effiziente Annotation durch interaktive, integrierte Annotationsumgebung

Ermöglicht statische Laufzeitanalyse kompletter Betriebssysteme
⇒ Kontextgewahre Analyse ermöglicht über 40 % bessere Schranken

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