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. Conclusi
Research question _

Does quantifier elimination improve Z3's 1. Correctn_ess: Both approaches r(_aturned sat
performance on two-coin Frobenius Coin and valid models on all solved instances.
Problem instances over LIA, compared to its 2. R””E'm‘:’t’ﬁe-rezwas up to 10x faStEr tga”

default quantifier handling strategy? gsat, with Speec-ups Increasing on harder

instances.
Tabde 1: Comparison of QSAT and QE _rec on the first 9 Frobenlus stanees. RSE Is the .
Subgestions: Filichos masdsniarvor, oompitadon T S0 - T 3. Memory: ge_rec used less memory and
showed more consistent usage with lower
1. Correctness: Do both configurations return satisfiable ) variability.
results with the correct Frobenius number as the Bvasr ! 4. Scalability: gsat failed on harder instances
model? ; li
: . ike (17, 19) and (23, 29); qe_rec solved them
2. Runtime Performance: How does runtime compare i ( ) ( a”) qe.

between the default and QE-based approaches as the
instance difficulty increases?

: These results confirm that quantifier
3. Memory Usage: How does memory consumption vary

between configurations under increasing problem size? T l elimination using ge_rec improves both
4. Scalability: At what instance size does the default s : runtime and memory efficiency over Z3's
strategy begin to degrade in comparison to the QE- ) [ BT default QSAT-based strategy on the
based approach? - ) Figure 4: Per-instance speed-up of ge_rec over the basline gsat tnctic, computed ns the . . .
- i S e Frobenius Coin Problem instances tested

and also highlight how customizing Z3's

| * approach, which i based on hand-crafted
) | heuristics, can lead to overall better

o SMT = SAT + Theories (Arithmetic, Strings etc) L N\ performance. Nevertheless, this does not
e 73 - an efficient SMT Solver [1] T AT AY imply that our approach is superior in
0 (Atirie) el ST eaes e Ry 72 P " ~ BN PN general, as performance may vary on larger

Listing 1: A

[set I

ol query

instances, an aspect which was not covered
due to the limitations imposed by the 60
second timeout and number of instances

(declare const x Int) {declare const x Int)
(declare const y Int) {declare const ¥ Int)

(assert (> x 0)) (assert (> x 0)) L ’ " a0 Tho shaded
e L S sl T et b ) g | — ensetie o s oo ol ik aeda (S22, being included in the experiments.

(check sat) {check sat)

Frobenius Coin problem and LIA

® Both approaches returned the correct Frobenius

number on solved instances Limitations
® ge_rec solved all 9 benchmark cases; gsat timed out on

3 harder instances (see Table 1)

® LIA=Li Inte Arithmetic (int *y not all d) ’ - . . a q A

. s : Ve coin denominations, what is the largest unrepresentable amount with s ® qge_rec achieved up to 10x speed-up over gsat as e Focused only on satisfiable 2-coin Frobenius instances
these 2 cons? H ity i i i i £

o Can be encoded into an SMT query over LIA with 3 universal quantifiers J instance COFT\P|EXItv increased !Flgure 4) . W.Ith simple quantifier structures o

 Z3:0ut of 54 satisfiable instances, Z3 times out on 51 [3] ® Runtime variance was lower with qe_rec; relative e Did not evaluate performance on unsatisfiable or

® 73's quantifier handling strategy, QSAT, handles 69 to 768 quantifiers in under 0.08 sec : o A LA : . A
{4, ths, heuristics nocadanted to Fraberius standard error (RSE) remamed'under 5% in most cases higher. dlmens_mnal (=3 coins) instances

© Modify 23 itslef? No: madify Z3's approach throught tactics, strategies that transform or ® Peak memory usage was consistently lower and more ® |nternal behavior of Z3 not deeply analyzed;
e stable for ge_rec across all instances (Figure 5) improvements may stem from solver heuristics

© LA admits quantifier elimination (qelim) : quantified F <=> quantifier-free F; however ® Results are based on 30 runs per instance, each ® Only tested the ge_rec tactic; other quantifier
checks satisfiability directly through QSAT. Why not eliminate quantifiers first? Expensive - - - o g 2 g
in general, however, in our case, bounded number of quantifier alternation and number of instance with a timeout of 60 seconds, to ensure elimination tactics were excluded due to returning
variables per block indicate feasibility of a gelim strategy statistical robustness unsat on some of the instances
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