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Given the formula ¢:
(1V=2)A(-1V3)AAV-3)A(=4V-1)A(-4V-3VI)A(2V3VI)A(-4V2V5E)

the following DPLL inference sequence shows its unsatisfiability:

| ¢ = 1% ¢ decide
— 193 || ¢ unit propagate
— 1934 || ¢ unit propagate
=1 ¢ backtrack
=12 ¢ unit propagate
=123 ¢ unit propagate
= 1234 ¢ unit propagate
—> FailState fail

We consider the following additional variables:

ap: ~(pV—=(qVr)A(qgVr) ai:qVvr
az: =(pV=(qVr)) az:pV=(qVr)
as: ~(qVr)

(a) Writing @; for —a;, Tseitin’s transformation leads to a formula with 14 clauses:

p~apgA(ag <> ag Aay) A (a1 <> qVr)A(ag <> a3) A(ag <> pVag) A (as < ax)
=ag A (agVaz) A (ag Var) A(az VarVag) A
(@VaqgVvr)AN@GVa)AN(TVar)A
(@z vVaz) A (az Vas) A
(@3VpVag) N(DPVas)A(azVasg)A
(@zVar) A (aq Vay)

(b) The transformation by Plaisted and Greenbaum produces a formula ) with 10 clauses:

pr~agN(ag —>azNay) A(ag = qVr)A(ag — a3) A(ag < pVag) A (ag < ay)
=ag A (agVaz) A (ag Var) A
(@ VqVr)A
(az vV az) A
(PpVas)A(asVaz) A
(

ag V al)



The following DPLL inference sequence shows satisfiability of :

| = ao | ¥ unit propagate
= apay || ¥ unit propagate
= apaiaz || P unit propagate
= apayazaz || ¥ unit propagate
= apayrazazp || ¥ unit propagate
= apajazazpay || ¥ unit propagate or pure literal
= apa1ax @3 pai " || ¢ decide
— aoayaz @ pazq’r? || ¥ decide

(The last step is only necessary if a total assignment is desired.)

See minesweeper.py.

To model the problem, we have the set of routers R = {r1,r2,...,r7} and the set of des-
tinations D = {dy,ds,ds,ds} for di = 10.91.110.%, dy = 10.91.120.%, d3 = 10.91.130.%,
d4 = 10.91.140.x. We can use 7 * 4 * 7 = 196 variables z; 4 ; for all combinations of r;,r; € R
and d € D, with the intended meaning that x; 4 ; is assigned true iff r; sends packages with
destination d to rj, or ¢ = j and d is in the VLAN of r;.

First, we must ensure that every router must forward packages:

A AV s

i=1deD j=1

Next, the rules can be encoded as follows:
(C1) No router should send a package to itself, so forbid x; 4; unless d is in the VLAN of r;.

A N i

1€{3,4,7} deD

/\ X141 | A /\ X242 | A /\ X545 | A /\ —T6,d,6

deD\{d1} deD\{d2} deD\{ds} deD\{d4}

(C2) Traffic directed to an address in a different cluster is forwarded to a router above (if such
a router exists). From the picture, one can see that e.g. the routers above ry are r7 and ry,
and the destinations in a different cluster are ds and d4. Thus we get:

N @raavzian)n N @aaavaesad)n N\ (@saaVvesas)h N (TaaaVeads)
dE{d3,d4} dE{d37d4} dE{dl,dz} dE{dl,dQ}

(C3) Two routers in the same cluster and on the same level (i.e. not one above the other)
route to the same destination. This concerns the router pairs (ry,rs) and (rs, rg).

7 7
A NG@rag < wa) A N\ N(@sag < 264

deD j=1 deD j=1
The current routing tables set the following variables to true:
(T1,dy2 AN 01,7 AT ds 4 A T1da,7) A
(2,010 N T2,d5,5 N 2,45 N T2,d4.6) N
(@5,d,,7 N T5,dpa N T5.d5.4 NT5.d,3 N T5d,6)

and all other variables x1 4, 2,4 ;, and x5 4 ; to false. One problem is thus that 1 g, 4 <> T2,4, 4 is
not satisfied.


http://cl-informatik.uibk.ac.at/teaching/ws22/satsmt/sources/minesweeper.py

