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° lNo
5, .ada(B) & B SAT
°
|No
4

Qnew = split (B)
Q. append (@new)
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Splitting

= (Bini
Binit,p —— 5?7: @7(5+ ;)
J
1
S4,5-, @ B = Q.pop ()
—
k— S .add(B) «—1 B UNSAT
lNo > 80% of the running time
— S, .add(B) 1 B SAT
|
lNo
Qnew = split (B)

Qz.append (Qnew)
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Splitting: Option

Bisect All Dimensions
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Splitting: Options

Bisect All Dimensions Bisect Single Dimension

» d cuts for d dimensions » 1 cut for d dimensions

» 29 new boxes » 2 new boxes

— introduce unnecessary splits + prevent unnecessary splits
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Incremental Solving

o Peome

> context: deduced logical > B=[-1,1] x [-1,1]
implications from solving a > check: B(x) A p(x)
formula '
. _ » B.=[-1,0] x [-1,0], thus
> context of a box B still valid B. C B, thus Be(x) — B(x)
c = 1 @

for its child boxes B, no need

to create new context > check: Bc(x) A ¢(x)

= B. A (B A
= reuse this context (x) A (B(x) A (X))
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Incremental Solving

o Peome

> context: deduced logical > B=[-1,1] x [-1,1]
implications from solving a > check: B(x) A p(x)

formula
> ) ) » B.=[-1,0] x [-1,0], thus
conFext o.f a box B still valid B. C B, thus Be(x) — B(x)
for its child boxes B, no need
» check: B:(x) A ¢(x)

to create new context
= Bc(x) A (B(x) A p(x))

= reuse this context

Implementation

» single context for a box and
its children
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GUI Projection

Graphical User Interface

> The GUI is able to depict only > The algorithm can handle
two dimensions. more than two dimensions.

P Existential Projection!

A 4

U
N
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Solver Call Prevention
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Solver Call Prevention

Base Algorithm
Incremental
Save Model
Normal Sampling
-+ Carry Samples
Clever Sampling
-+ Save Model

Bisect All
Preventable Prevented
0.55 0.00
0.55 0.00
0.55 0.17
0.55 0.29
0.55 0.31
0.55 0.29
0.55 0.39

Bisect Single
Preventable Prevented
0.83 0.00
0.83 0.72

Nicolai Radke

Parameter Synthesis
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Splitting Heuristic Comparison

100 4 o - 3z
s e -
»

90
S
o 80
o
©
kel
2
2 704/
% Bisect All: Base Algorithm

Bisect All: Clever Sampling
+ Save Model
60 Bisect Single: Base Algorithm
Bisect Single: Clever Sampling
+ Save Model
® Other
50 T T T T T —>
0 200 400 600 800 1000 1200
time (ms)
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Conclusion

Topic

» parameter synthesis

Nicolai Radke

Parameter Synthesis

- Q2 = (Binit)
Binit, ¢ — S =0, Sy = 0
]
1
S54,5-,Q; B=Q;.pop ()
Yes
k— S_.add (B) «— B UNSAT
lNo
Yes
k— Si.add (B) «— B SAT

[

hew = SPlit (B)
@2 .append (Qnew)
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p Yy Binit, ¢ i 5. =0,5, =0
Performance |
1
5,5, B = Q;.pop ()

Yes

k— S_.add (B) «—— B UNSAT

lNo
Yes

k— S .add (B) «— B SAT

lNo
hew = SPLit (B)
Q: . append (Qnew)
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Conclusion

Topic
» parameter synthesis
Performance

» good compared to PaSyPy

Nicolai Radke Parameter Synthesis

= (Bini
Binit, ¢ — 5707: 0 (5+ t:) 0
]
1
S4,5-, @ B=Q;.pop ()

Yes

k— S_.add (B) «—— B UNSAT
lNo
Yes
k— Si.add (B) «— B SAT

[

hew = split (B)

@2 .append (Qnew)
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lNo
Yes
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[
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» implemented heuristics is very Yes
k— S_.add (B) «—— B UNSAT
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lNo
Yes
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» parameter synthesis . Q = (Binit)
p Yy Binit, ¢ > S =0,5.=0
Performance Jl
» good compared to PaSyPy 550 B=Q.popl)
» dependent on Z3 performance l
» implemented heuristics is very AR 5 UNSAT
benchmark dependent l
No
Open Questions & Future Work v
— S, .add(B) = B SAT

[

Qnew = split (B)
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S =0,5, =0
Performance Jl
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» dependent on Z3 performance l
> L
implemented heuristics is very AR 5 UNSAT
benchmark dependent l
No
Open Questions & Future Work v
_ k— S, .2dd (B) —— B SAT
» reason for low correlation of
solving time and number of l'\"’
Qnew = split (B)
solver calls —

@2 .append (Qnew)
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Conclusion

Topic
» parameter synthesis . Q = (Binit)
p Yy Binit, ¢ > S =0,5.=0
Performance Jl
» good compared to PaSyPy 550 B=Q.popl)
» dependent on Z3 performance l
> L
implemented heuristics is very AR 5 UNSAT
benchmark dependent l
No
Open Questions & Future Work v
_ k— S, .2dd (B) —— B SAT
» reason for low correlation of
solving time and number of l'\"’
Qnew = split (B)
solver calls —

@2 .append (Qnew)
» advanced splitting heuristics
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Experimental Evaluation: Time Distribution

Bisect All Bisect Single
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Evaluation: Average Speed-Up Factors

Bisect All
41910 51910 61910 71843 81319 9922 10732

Clever Sampling  0.85 096 | 091 | 098 091 1.04 0.95
Base Algorithm 1.00 1.00 | 1.00 | 1.00 1.00 1.00 1.00

Clever Sampling
1 Save Model 157 133 | 1.01 | 1.03 0.93 1.04 0.91

Normal Sampling 1.02 1.01 | 1.03 | 1.03 1.05 1.10 1.10
Normal Sampling
+Carry Samples
Save Model 192 139 | 1.22 | 1.19 1.16 1.13 1.09

Incremental 1.39 - 1.48 - 1.1 - 1.07

112 112 | 117 | 1.15 117 123 1.23
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Evaluation: Average Speed-Up Factors

Bisect Single

41910 51910 61910 71578 81008 9763 10568

Clever Sampling
+Save Model

Base Algorithm 1.00 1.00 | 1.00 | 1.00 1.00 1.00 1.00

079 077 | 0.83 | 0.71 0.64 0.61 0.59
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Implementation: GUI

cppasy X
File Synthesis

(declare-constx Real)
(declare-consty Real)
(assert(or (>=0x) (>=y (*x (*x x)}])}(

Welcome to cppasy
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Implementation: GUI

Plot X
Preferences x
Variable  Upper Bound Lower Bound 1.00
* A 1
¥ K] 1
0.50
X-AXis o
y-Axis =
y 0.00
Depth 10
Split bisectall ¥
sample no_sampling v 050
SplitSamples
Save Model
no -
-1.00
Incremental o -1.00 -0.50 0.00 0.50 1.00
X
Save Resume
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Implementation: CLI

$ ./build/cli --help
Allowed options:
-h [ --help ] produce help message
——boundaries-file arg Text file containing a list of all variables and their
boundaries. The file should contain lines of the from
’<variable-name> <lower-bound> <upper-bound>’.
——default-boundaries arg (=10)
Set default ’radius’ of the inital orthotope.
—-splitting-heuristic arg (=bisect_all
Select a splitting heuristic. Options are ’bisect_all
and ’‘bisect_single’
—-sampling-heuristic arg (=no_sampling)
Select a sampling heuristic. Options are ’no_sampling’
'center’, and clever’
—--max-depth arg (=10) maximal depth.

—-save-model Save models found by solver. Only useful if
’split-samples’ enabled.

—-incremental Enable incremental solving.

—-split-samples Also carry samples when splitting orthotopes.

—-splits-needed Returns true if splits are needed to process this
formula.

——print-orthotopes Prints all (SAFE, UNSAFE and UNKNOWN) resulting
orthotopes.
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