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1. Purpose of this article

In this text solution for 3-SAT problem will be shown. This is effective
algorithm for solving this problem.

2. Introduction

3-SAT:

Lets have n arguments: x 1, x 2, ..., x n. Every argument can take 0 or 1.
In next step lets create boolean expression. It consist from subexpression like:
x k1l or x k2 or x k3 where k 1, k 2, k 3 represent values from 1, 2, ..., n. And
moreover k 1 != k 2 != k 2. Another step is adding to arguments from expressions
value not. It is optional. Example: not x kl or xk 2 or not x k3. Now having
polynomial list of such different expressions we create another one expression
joining all expression with and. Example: (x 1 or x 2 or not x 3) and ... and
(not x 10 or x n-1 or not x n)

Having such expression we try to find solution. There is 2”n possible
assigments to this problem. So one algorithm to find solution to this problem is
to check all 2”n possible assignments. This algorithm has exponential
complexity. In presented algorihtm new easier way of solving this problem is
shown.

3. Solution:

A.
Let create list of all three arguments from all arguments. There is n* (n-

1)*(n-2)/6 such threes. Every three can have 273 = 8 assignments. Example:
x 1 x 2 x 3

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1

This is a list of all generated values:

x 1 x2x3x4 ...xn
[ O 0 0 -1 ... -1
[ O 0 1 -1 ... -1
[-1 0 0 0 <. —1]
-1 ... -1 11 1]

So finally we have list of n*(n-1)*(n-2)/6*8 values. We notice that when
having value [0 0 0 -1 ... -1] and one expression (x 1 or x 2 or not x 4) we can
extend value to [0 0 0 0 -1 .. -1]. This is assumption because x 1 or x 2 is
zero but positive values are searched so (not x 4) must be 0. Another step in
algorithm is to delete values that make global expression 0. If we have
expression (x 2 or x 10 or x n) we can remove assignment (x 2 = 0, x 10 = 0, x n
= 0). There is n-2 such steps for all values, when we finally get possible



candidate for solutions. n-2 is needed as there is n-3 position with -1 and one
another is needed for checking ptential candidate. Complexity of this step is
n* (n-1) * (n-2) /6*8* (n-2) *1len (3-SAT) ~ n™4*len(3-SAT). In this way we delete some
values from list that do not solve the expression.

B.

But this is not everything. Given value [0 0 0 -1 ... -1] may have common
one value with another expression. Example of expression is (x 2 or x 10 or
X n).
For this subexpression good values are:
X 2 x 10 x n

0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
In value we have x 2 = 0. So we now that for x 10 = 0 and x n = 0 value

have no solution. So in next step of algorithm we can pass (x 10 or x n) as
expression. We collect all such subexpressions for all possible values from set
of all possible threes generated from list of arguments. So for every such value
we collect specific expression. Every small expression have two or three
arguments. For every value with specific list of modified expressions we run the
same algorithm like in point A. But now we run this algorithm for n-3 arguments.
3 arguments we omit as we determined value for it. Every step in point B have
(n=3) *(n-4) * (n-5) /6*8* (n-5) *1len (3-SAT) ~ n"4*len(3-SAT) steps. For every
possible three we check if it contains at least one value. If there is at least
one three without values this value taken from point A can be removed.

C.

Now having all remaining values we check if every possible three from list
of arguments have at least one value. If at least one three is without values it
should be certain that for given 3-SAT expression no value solve this problem.
If for all threes there is at least one argument we can clean final threes with
values. Example is that if for three (x 1, x 2, x 3) 1is only value (0, 0, 0) we
know that other threes containig x 1 or x 2 or x 3 must have only 0. If is 1 we
remove such value from corresponding three.

D.

Now we have all threes that exists in final solution. So what we need to
do is to find at least one that solves the problem. Finding all would be hard,
because there can be for example 2”7 (n-4) solution. To find first solution we
take first value from three (x 1, x 2, x 3). Now for every three with (x_ 1, x 2)
we take passing solution. And in this step for such partial value we check if it
is possible by taking all values from threes with x 1, x 2, x 3, .., x k. At
least one value from such three must fit partial value. If such partial value is
not good then for x 1, x 2, x 3, ..., x (k-1) we take another passing value from
three x 1, x 2, x k. Another step is to run whole algorithm for partialy
calculated value and boolean expression that may contain subexpression with one,
two or three arguments. If this step is True we know that subvalue is correct.
In another case we need to take another value. So finding final solution could
take maximally 2* (n=-3)*[n* (n-1)* (n-2)/6*81*[ (n-3) * (n-4) * (n-5) /6*8* (n-5) *len (3-
SAT)]~ O(n"8*1len(3-SAT)) steps.

E.

Why two steps is needed for every algorithm. Because expression may have



one common value with candidate value. We need two steps because we know that
for very three from all possible threes must contain at leats one value. If at
least one threehave no values it is certain that 3-SAT have no solution and
always return false. We proofe that there must be such sequence of
subexpressions that excludes all eight values for given three. This is list of
all possible assignments:

x1, x2, x3, ... , xn
0 0 0 0
0 0 0 1
1 1 1 1

Creating 7 different subexpressions for three (x 1, x 2, x 3) we exclude seven
values for this three. Then 2" (n-3) wvalues will remain in a list. Then if the
same 1s done for (x 4, x 5, x 6) there will be 27 (n-6) values. Doing the same
for next threes there will be only three (x (n-2), x (n-1), x n). This three

must contain 273 different values that were not exlcuded.

It will be:

x (n-2), x (n-1), x n
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

If previous step for this three will be applied, 7 values from this three will
be removed. Doing this there will be only one remaining value. Let it be
x (n-2), x (n-1), x n

1 1 1
So one full candidate is e.g.:
x1x2x3 ... %x (n-3) x (n-2) x (n-1) xn
0 0 O ... 0 1 1 1

Expression have no solution so we know that any value is possible. So we have
to remove this value. If we take small subexpression (not x (n-2) or not x (n-1)
or not x n) then all values are removed for such three. So we know that there is
one such path in algoirhtm for every value that removes them for given three.

If for (x _(n-2), x (n-1), x n) we take subexpression with (x 1 or not

x_(n-1) or not x n) then algorithm makes empty another three. Having
subexpression with x 1 it delete remaning value (0, 0, 0) for three (x 1, x 2,
x 3)

If for (x (n-2), x (n-1), x n) we take subexpression with one common,
value e.g. (x 1 or x 4 or not x n) we could think that three steps of algorithm
are needed. But when we consider (x 1, x 2, x 4) for two (x 1, x 2) only (0, 0)
is possible because three (x 1, x 2, x 3) only have value (0, 0, 0). So only two
values (0, 0, 0) and (0, 0, 1) will remain for three (x 1, x 2, x 4). Applying
algorithm for (0, 0, 1) and having subexpression x 4=1 causes that remaining
value (0, 0, 0) for (x 4, x 5, X 6) is removed. So (x 4, x 5, x 6) is empty set.
Applying algorithm for (x 1=0, x 2=0, x4 =0) subexpress with x n=0 exits. But
this subexpression removed left (1, 1, 1) value for three
(x_(n-2), x (n-1), x n). So empty is three (x (n-2), x (n-1), x n). So algorithm

makes this three empty.

If we have only one value remaining and trying delete this if any three
from x 1, ..., x (n-3) will be taken the same will be observed for other threes.
Doing this for different value for given three we can leave selected three as no
empty but there will be at least one other three with no values. No values means
there is path of subexpressions that delete all values for given three. This is
what algorithm do.

Why we dont need 3 or more nested steps of algorithm. Let consider args
x 1, x 2, ..., x 7 and take subexpression (x 1 or x 2 or x 3), (x 3 or x 4 or



x 5) and (x 5 or x 6 or x 7), For three (x 1 or x 2 or x 3) and value (1, 1, 0)
there will be subexpression with two (x 4 or x 5). This two have one common
value with (x 5 or x 6 or x 7), Np (x 4=1, x 5=0), Then next subexpression for
contains two (x 6 or x 7). But this step can be shorten taking into
consideration three (x 3, x 4, x 5). Running algorithm for x 1, x 2, ..., x 7
with three subexpression mentioned above causes that algorithm does not remove
anything in second step. So such dependency can be omitted in consideration.
This is the reason why we need two steps in this algorithm. Obviously we
can do one step without first one. Then in second step for algorithm should be
considered all values from all possible threes. Then subexpressions that suite
with two arguments should be taken into consideration. Then in second step of
algorithm will be subexpressions also with one argument. But having first step
of algorithm we reduce some values from list earlier.
To summarize there is:
1. First step of algorithm:
n* (n-1)* (n-2) /6*8* (n-2) *len (3-SAT) ~ O(n"4*len (3-SAT))
2. Second step of algorithm:
[n*(n-1)*(n-2)/6*8] * [(n-3)*(n-4)*(n-5)/6*8*(n-5) *1len (3-SAT)] ~
O(n"7*1len (3-SAT))
3. For cleaning values there is:
[n*(n-1)*(n-2)/6*8*n* (n-1) * (n-2) /6*8*1len (3-SAT)] ~ O(n”6*len (3-SAT))
4. For finding at least one solution there is:
2* (n=3) *[n* (n-1) * (n-2) /6*8]* [ (n=3) * (n-4) * (n-5) /6*8* (n-5) *1en (3-SAT) ]~
O(n"8*len (3-SAT))
So maximum complexity to determine that at least one value exist or there is no
solution is n"7.

So to summarize we need n”8*len(3-SAT) steps to solve the 3-SAT problem.
For n=30 there is 656100000000 steps what is worse results than 2730. For n=50
there is 2750=1125899906842624 but 5078= 39062500000000 what is 28-times faster
result. Obviously estimation n”7*len(3-SAT) is general. len(3-SAT) is omitted as
for the solution with complexity 2”n for every assigment len(3-SAT) steps is
needed to check if 3-SAT have at least one solution.

Exact time complexity estimation depends on what is taken into
consideration when running the algorithm. But this is not purpose of this
article. In this article we presented that there is effective way of solving 3-
SAT problem. Even if complexity of presented algorithm is n”10 this is much
better solution than 2”n. So with presented algorithm it is possible in
polynomial time to determine if any value solve 3-SAT problem. If at least one
assignment solves the boolean expression it is also possible in polynomial time
to determine one solution.

4. Summary

Below attached algorithm solves the sample random expression from given
list of arguments. It is written in python as code in python could serve as good
programming language to present general steps needed for this algorithm.
Obviously it can be supposed that other programming langauges solve this problem
faster. In algorithm second step is ommited as values from those calculated in
first step are cleaned in other way. Algorithm can be modiified and used for
commercial purpose but this modified algorithm can not ba patented.

5. Proof

The whole assumption in this algorithm is that when 3-SAT boolean
expression is not satisfiable, then algorithm after second step always return
three without values. So for at least one three and its all values pexits path
of subexpressions that delete this values.

Proof of theorem is based on example. Let have 15 possible arguments in 3-
SAT boolean expression. If 3-SAT is always false, it is known that no value is
possible for given 3-SAT expression. Let take three (x 1, x 2, x 3) and value



(0, 0, 0) we can threes (x 4, x 5, x 6), ..., (x 13, x 14, x 14) show as tree
with 8 children for every node except last. So (x_1, x 2, x 3) 1is root. For next
level with three (x 4, x 5, x 6) there is 8 nodes. Next level has 64 nodes and
last have 4096 nodes. If for second level 4 values is deleleted then remaining
is:
(x 4, x5, x6), (x7, x8, x9), (x10, x 11, x 12), (x 13, x 14, x 15),

4 8 8 8

If we delete 4 values for (x 7, x 8, x 9), 4 for (x 10, x 11, x 12) and 4 for
(x 13, x 14, x 15), then:
(x 4, x5, x6), (x7, x8, x9), (x10, x 11, x 12), (x 13, x 14, x 15),

4 4 4 4

when 3 valiues for (x 7, x 8, x 9), 3 values for (x 10, x 11, x 12) and 3 values
for (x_ 13, x 14, x 15) will be deleted, then:
(x 4, x5, x 6), (x7=x8, x9), (x10, x 11, x 12), (x 13, x 14, x 15),

4 1 1 1

There will be only 4 potential values left that could satisfy 3-SAT boolean
expression. So for some three must exist path, that delete all 8 values. To
clarify in situation above if we delete 4 values from three (x 10, x 11, x 12)
for some value from three (x 7 x 8, x 9) then for other remaining values for
three (x 7 x 8, x 9) this four values can be deleted. In proof we based on
assumption, that sequence of 3-SAT subexpression like (x 1 or x 2 or x 3), (x 3
or x 4 or x 5) and (x 5 or x 6 or x 7) 1is not worth to consider. Because path
(x_ 3 or x 4 or x 5) do (x 5 or x 6 or x 7) can be considered instead.

6. Observations
After running step A of algorithm, it can be noticed, that among remaining

values exists value that does not contain -1. Then such value can be taken
immediately and returned as algorithm result.
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1. Cel artukutu.

W tym artykule ukazane jest rozwiazanie problemu 3-SAT. Jest to efektowny
sposdb rozwigzania tego problemu.

2. Wprowadzenie

3-SAT:

Jako wejscie do algorytmu brana jest lista argumentéw: x 1, x 2, ..., X n.
Kazdemu argumentowi mozna przypisa¢ wartos¢ 0 lub 1. W nastepnym kroku z tych
argumentdéw jest tworzone wyrazenie boolowskie. Skilada sie ono z podwyrazen typu:
(x_kl or x k2 or x k3) gdzie k 1, k 2, k 3 przybieraja wartosci ze zbioru 1,

2, ..., n. Ponadto k 1 !=k 2 != k 2. Kolejnym krokiem jest dopisanie do
wybranego argumentu wartosci not. Operator not dla x 1 oznacza, ze dla x 1=0
wartoscia zwracana jest 1, a dla x 1=1 warto$cia zwracana jest 0. Przykitad
wyrazenia: not x _kl or xk 2 or not x k3. W nastepnym kroku tréjki zostaja
potaczone wartoécia and. Na przykitad: (x 1 or x 2 or not x 3) and ... and (not
x 10 or x n-1 or not x n) Zostato wiec utworzone wyrazenie skiadajace sie z
takich trdéjek, o diugosci wielomianowe].

Majac utworzone takie wyrazenie boolowskie zostanie zaprezentowany
algorytm, kéry w efektowny sposdb rozwiazuje wyrazenie 3-SAT. Dla argumentodw
x1l, x 2, ..., xn jest 2"n mozliwych wartodciowan. Wiec mozliwym rozwiazaniem
problemu 3-SAT jest sprawdzenie czy przynajmniej jedno wartosciowanie speinia
wyraznie. Je$li nie ma takiego wartodciowania wtedy wyrazenie 3-SAT zawsze
zwraca fatsz. Jednak w takim przypadku trzeba sprawdzié¢ wszystkie
wartosciownania, wiec z1ozonosSc takiego algorytmu jest 2”n. Dla n = 40 istnieje
1099511627776 takich mozliwosci.

W tym artykule zostanie zaprezentowany algorytm, ktdry rozwiazuje ten
problem w efektywniejszy sposdb.

3. Rozwigzanie
A.

Na poczatku zostanie stworzona lista wszystkich mozliwych tréjelementowych
elementdéw ze zbiordéw ze wszystkich argumentdw. Jest to zbidr ktory zawiera n* (n-
1)*(n-2)/6 takich trdjek. Kazda trdjka moze mieé¢ 8 wartosciowan.

Przykitad:
x1x 2 x3

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1

Zbidr prezentuje sie wiec nastepujaco:

x 1 x 2 x 3 x4 ... X n

[0 0 0o -1 ... -1

[ O 0 1 -1 -1]



[-1 0 0 0 co. —1]

i;i ce -1 11 1]

Finalnie wiec zbidr zawiera n*(n-1)*(n-2)/6*8 wartoséci. Zauwazyé mozna ze
dla warto$ci [0 O 0 -1 ... -1] i dla tréjki typu (x 1 or x 2 or not x 4) mozna
ta wartos$é¢ rozszerzyé do [0 0 0 O -1 .. -1]. Jest to prawidiowe zaltozenie gdyz
(x 1 or x 2) dla (0 ,0) wynosi zero a szukane Jjest prawidiowe rozwiazanie wiec
majaé¢ (x 1 or x 2 or not x 4) 1 x 1 = 0 oraz x 2 = 0 x 4 musi przyja¢ wartos¢ 0

aby (x 1 or x 2 or not x 4) nie odrzucala wartosci.

Krokiem w tym algorytmie jest tez uzuniecie wartos$ci z listy ktdre daja
warto$¢ negatywna dla konkretnej tréjki z wyrazenia boolowskiego na przyktad dla
(x_ 2 or x 10 or x n) mozna usuna¢ z listy wartos$cé¢i, ktére zawieraja (x 2 = O,

x 10 = 0, x n = 0). W algorytmie jest n-2 takich kroékdéw gdyz jest n-3 miejsc z
wartoscia -1. Jes$li wszystkie -1 zostang zastapione 0 lub 1 to ostanim krokiem
jest sprawdzenie czy spelnia ono rozwiazanie. Ziozono$¢ kazdego podkroku to

n* (n-1) * (n-2) /6*8* (n-2) *1len (3-SAT) ~ n”4*len(3-SAT). W tym kroku zostata
usunieta czes$é¢ wartosci z listy mozliwych rozwigzan.

B.

Jednak aby rozwiazac¢ problem 3-SAT potrzebny jest kolejny krok. Dla
wartosci [0 0 0 -1 ... -1] mozna znalez¢ trdjke ktdra ma jeden wspdlny argument.
Na przykitad tréjka (x 2 or x 10 or x n). Dla tej trdéjki mozliwe wartos$ciowania:

Xx 2 x 10 x n

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1
Dla [0 0 0 -1 ... -1] x 2 = 0. Wiadomo wiec ze dla x 10 = 0 oraz x n = 0 nie ma
rozwigzania. Wiec w tym kroku dodajemy wyrazenie (x 10 or x n). Dla kazdego

wartosciowania z punktu A tworzone jest osobne wyrazenie, ktdre moze wiec
zawieraé¢ zamiast trdéjek takze dwdjki. Dla kazdej wartosci z punktu pierwszego i
stworzonego dla niego wyrazenia uruchamiany jest ponownie algorytm z punktu B.
Ten algorytm jest uruchamiany dla n-3 argumentdw. 3 argumenty sa pomijane, gdyz
dla nich warto$¢ jest juz przypisana.

Kazdy krok bedzie wiec miat z1ozono$é (n-3)*(n-4)* (n-5)/6*8* (n-5)*len (3-
SAT) ~ n”4*len(3-SAT). Po wykonaniu algorytmu z punktu A trzeba sprawdzié¢ czy
wszystkie mozliwe tréjki zawieraja przynajmniej jedng wartosé. Jesli jest
chociaz jedna pusta trdéjka wartosé jest usuwana z listy mozliwych rozwigzan dla
punktu A.

C.

Teraz majac wartosci pozostalte po dwdch poprzednich krokach algorytmu,
sprawdzane jest czy kazda trbdéjka zawiera przynajmniej jedng wartosé. Jesli
przynajmniej jedna trdjka jest bez wartosci wiadomo, ze problme 3-SAT nie ma
rozwiazania, gdyz jes$li istnieje przynajmniej jedno rozwiazanie to kazda trdjka
ma przynajmniej Jjedna wartosé. Aby je znalezé trzeba najpierw znalezé wszytkie
wartosci dla kazdej trdéjki, ktdére znajduja sie chociaz w jednym rozwiazaniu.
Trzeba wiec oczys$cié¢ wszystkie wartosci pozostalte po dwdch poprzednich krokach
algorymtu. Gdyz moze sie zdarzy¢, ze dla (x 1, x 2, x 3) Jjest tylko wartos¢ (O,
0, 0) wiec wszystkie tréjki ktére zawieraja x 1, x 2 lub x 3 muszg dla tych
argumentéw mieé wartosé¢ 0. Gdy jest 1 to ta warto$é¢ jest usuwana.

D.

Teraz majac wszystkie trdéjki nalezace do wartos$ciowan speiniajacych
wyrazenie 3-SAT mozna w efektywny sposdb znalezé jedno wartosciowanie



speinigajace problem 3-SAT. Znalezenie wszystkich rozwiazan nie jest efektywne
gdyz moze by¢ na przyktad 2" (n-4) wartos$ciowan. Znalezienie Jjednego rozwiazania
jest juz mozliwe w rozsadnym czasie. Zeby znalezé to rozwiazanie nalezy wziasé
wartos¢ pierwsza z brzegu. Na przykiad warto$é¢ dla tréjki (x 1, x 2, x 3). Teraz
nalezy wzia¢ kolejne trdéjki zawierajacej pare (x 1, x 2) ktdéra pasuje do
pierwsze] trdéjki. Majaé¢ czesSciowe rozwiazanie trzeba sprawdzié¢ wszystkie trbdjki
z argumentéw x 1, x 2, x 3, ... , X k. Przynajmniej jedna wartos¢ z takich
tréjek musi pasowaé¢ do czesSciowego rozwiazania. Je$li nie jest to speinione
nalezy wzias¢ kolejna wartos$é¢ dla danej trdéjki x 1, x 2, x k. Jesli wszystkie
tréjki ze zbioru x 1, x 2, ..., X k maja odpowiednie wartoéci, wtedy zeby
sprawdzié¢ poprawnos$c wyrazenie trzeba uruchomié¢ poyzszy algorytm dla czes$ciowo
obliczonej wartosci. Jes$li algorytm nie odrzuci podwarto$ci to znaczy, ze
czes$ciowa wartosé jest poprawna. Znalezienie wieé¢ jednego rozwigzania zajmuje:

2*(n=3) *[n* (n-1) * (n-2) /6*8]*[ (n=-3) * (n-4) * (n-5) /6*8* (n-5) *1en (3-SAT) ] ~
O(n"8*1len (3-SAT)) krokdéw. To jest oczywiscie oszacowanie gdrne. Prawdziwa
ztozonoséc jest nizsza. Ale to nie jest cel artykutu.

E.

Nalezy uzasadnié¢ dlaczego dwa kroki sa potrzebne w ukazanym algorytmie.
Jest tak gdyz kazda wartos$é moze pasowac¢ do jednego lub dwdéch argumentdw z
trojki z wyrazenia 3-SAT. Dwa kroki sa potrzebne gdyz zZzeby 3-SAT miaio
rozwiazanie wszystkie trdéjki muszg mieé¢ przynajmniej jedna wartosé. Jesli
chociaz jedna trdéjka nie ma zadnych wartos$ci wtedy 3-SAT nie ma rozwiagzania.
Wykazemy, ze dla przynajmniej jednej trdjki jest Sciezka ktdra eliminuje
wszystkie jej wartosci. Ponize]j znajduje sie lista wszystkich wartosci dla
wszystkich tréjek.

x1, x2, x3, ... , xn
0 0 0 0
0 0 0 1
1 1 1 . 1

Jesli dla trdéjki x 1, x 2, x 3 utworzymy 7 rdéznych podwyrazen dla tej tréjki
usunietych zostanie 7 wartosci. Pozostanie wiec 27 (n-3) wartos$ci. Nastepnie gdy
usuniemy 7 wartosci dla tréjki x 4, x 5, x 6 przez utzworzenie 7 rdéznych
podwyrazen pozostanie 27 (n-6) wartoéci na liscie. Stosujac ten krok dla
kolejnych tréjek zostanie tylko jednatrdéjka (x (n-2), x (n-4), x (n-3)). Nie
usuwalismy dla tej trdéjki zZadnej wartosci wiec pozostanie 8 wartosci dla tréojki
(x_(n-2), x (n-1), x n). Beda one nastepujace:

x (n-2), x (n-1),

0 0
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Jesli zastosujemy poprzedni krok dla tréjki x (n-2), x (n-1), x n zostanie
usunietych 7 wartos$ci. Pozostanie wiec jedna tylko wartos$é. Na przykiad:

X (n-2), x (n-1), x n

1 1 1
Kandydatem na rozwiazanie bedzie wiec tylko jedna wartos$é. Na przykitad:
x1x2x3x4 ...%x (n-3) x (n-2) x (n-1) xn
0 0 O 0o ... 0 1 1 1

Dane wyrazenie 3-SAT nie ma rozwigzania, wiec zZzadne warto$ciowanie nie powinno
spetniaé¢ tego wyrazenia. Wiec ta pozostata warto$é tez nalezy usunac¢. Jesli
bedzie wyrazenie (not x (n-2) or not x (n-1l) or not x n) to ostatnia wartosc¢
zostanie usunieta ale wtedy mamy 8 wyrazeh usuwajacych wszystkie wartos$ci dla
danej trdéjki.

Jesli zostanie wzieta tréjka z dwoma wspdlnymi argumentami, np.: (x 1 or



not x (n-1) or not x n) to analizujac trdéjke (x 1, x (n-1), x n) mamy wartosci

n-1)
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to wtedy stoosujac podwyrazenie dla (not x (n-2) or not x (n-1) or not x n)
zostanie (0, 1, 1) ale podwyrazenie (x 1 or not X (n-1) or not x n) tez usunie
ta wartoé¢ wiec stosujac algorytm trdéjka (x 1, x (n-1), x n) bedzie pustym
zbiorem.

Jesli wezmiemy tréjke z jednym wspdlnym argumentem, np.: (x_ 1 or x 4 or
not x n) wtedy wartos¢ tez zostanie usunieta. Dlaczego (x 1 or x 4 or not x n)
tez usuwa Jjakas trdéjke. Mozna by bylto sadzié¢ ,zZe potrzeba trzech krokéow
algorytmu. Jednak gdy weZmiemy teraz pod uwage trdéjke (x 1, x 2, x 4) to (x 1,

X 2) ma dwie wspdlne wartosci z trdjka (x 1, x 2, x 3). Dla dwdéjki (x 1, x 2)
mozliwe jest tylko (0, 0). Wiec pozostanag dwie wartos$ci dla tréjki (x_ 1, x 2,
x 4) mianowice (0, 0, 0) oraz (0, 0, 1). Teraz stosujac krok drugi algorytmu dla

(0, 0, 1) 1 majac podwyrazenie z x 4=1 powoduje, ze pusta zrobi sie trdéjka (x 4,
x 5, X 6). Zostata wie¢ tylko wartos¢ (x 4=0, x 5=0, x 6=0) a dla x 4 dobra jest
tylko 1. (0, 0, 0) tez nie pasuje. Stosujac algorytm i rozwazajac trdéjke (x_ (n-
2), x_(n-1), x n) zostata dla niej wartos¢ (1, 1, 1). W podwyrazeniu dla
wartosci (x_1=0, x 2=0, x 4=0) Jjest x n=0. Maja¢ podwyrazenie x n=0 usuwana ona
(x_(n 2)=1, x (n-1)=1, x n=1). Stad okazalo sie, ze trdéojka (x 1, x 2, x 4) po
zastosownaiu algorytmu zostata bez wartosci.

Jes$li zrobimy tak dla jakiejkolwiek wartoéci dla danej trdéjki z poza
argumenéw (x_ (n-2), x (n-1), x n) to stanie sie podobnie. Stad wynik jest taki,
ze starajac sie zachowa¢ przynajmniej jedna wartos$é dla danej tréjki musimy
usuna¢ wartos$é¢ dla przynajmniej innej jednej trdjki. Pusty zbidr mozliwych
wartosci dla danej trdéjki oznacza, ze istnieje taki zbidr podwyrazen dla kazde]
takiej wartosci, ktdére usuwajg tg wartosé z mozliwych rozwigzan. To witasnie
czyni algorytm opisany w tym artykule.

Drugi krok w algorytmie jest wiec potrzebny jako, zZze dla kazdego
wartosciowania dla danej trdéjki ze zbioru wszystkich mozliwych trdédjek trzeba
wygenerowaé osobne wyrazenie boolowskie podobne do 3-SAT jednak z mozliwym
dwuargumentowym podwyrazeniem. Oczywiscie mozna uruchomi¢ algorytm pomijajac
krok pierwszy. I zastosowa¢ krok drugi dla wszystkich mozliwych wartosci ze
zbioru wszystkich tréjek. Wtedy dla kazdej wartosci utworzone wyrazenie bedzie
zawierato podwyrazenie z jednym argumentem. Gdyz musimy tu uwzglednié¢ przypadek
gdy dane wartos$ciowanie dla wybranej trdéjki ma dwa wspdlne argumenty z pewnym
podwyrazenie z wyrazenia 3-SAT. Jednak zastosowanie kroku pierwszego eliminuje
znaczng czes$¢ wartosci dla pewnych trdéjek. To moze ograniczy¢ dziatanie kroku
drugiego.

Dlaczego nie trzeba uzy¢ 3 lub wiecej krokdw aby stwierdzié czy wyrazenie
3-SAT ma rozwiazanie lub nie. Np, gdy rozwazymy argumenty x 1, x 2, ..., x 7
i wezmiemy podwyrazenia (x 1 or X 2 or x 3), (x 3 or x 4 or x 5) oraz (x 5 or
X 6 or x 7) pod podwyrazenie dla pewnej tréjki (x 1 or x 2 or x 3) i wartosci
(1, 1, 0) bedzie zawieralo dwdéjke (x 4 or x 5) ta dwdjka moze mieé wspdlnag
wartos¢ z (x 5 or x 6 or x 7). Np (x 4=1 x 5=0). Wtedy kolejne podwyrazenie
zawiera (x_6 or x 7). Ale ten krok mozZzna skréci¢ rozpatrujac od razu wyrazenie
(x_ 3 or x 4 or x 5). Uruchomienie algorytmu dla x 1, x 2, ..., x 7 w takim
przypadku i tych trzech wspomnianych podwyrazen spowoduje, ze krok drugi nic nie
usunie z zadne]j trdéjki, wiec taka zalezno$¢ nie wnosi nic do algorytmu.

Podsumowujac wiec z1ozono$é¢ algorytmu wyglada nasteoujaco:

1. Pierwszy krok:

n* (n-1)*(n-2)/6*8* (n-2) *len (3-SAT) ~ O(n"4*len (3-SAT))
2. Drugi krok:
[n*(n-1)*(n-2)/6*8] * [(n-3)*(n-4)*(n-5)/6*8* (n-5)*len(3-SAT)] ~



O(n"7*len (3-SAT))
2. Finalne czyszczenie:
[n* (n-1)*(n-2)/6*8*n* (n-1)* (n-2) /6*8*1len(3-SAT)] ~ O(n"6*len(3-SAT))
3. Znalezienie jednego rozwiaznia:
2% (n-3) *[n* (n-1) * (n-2) /6*8]1*[ (n-3) * (n-4) * (n-5) /6*8* (n-5) *len (3-SAT) ]~
O(n"8*len (3-SAT))

Wiec maksymalna liczba krokdéw do znalezienia jednego rozwigzania wynosi
n*8*len (3-SAT). Dla 30 argumentdéw pomijajac¢ len (3-SAT) trzeba wiec maksymalnie
656100000000 co jest wynikiem gorszym niz 2730. Lecz dla n=50
2750=1125899906842624 a 5077=39062500000000 co jest 28-krotnie lepszym wynikiem.
Pominatem len (3-SAT) gdyz dla prostego algorytmu tez powinien on byé
uwzgledniony gdyz dla sprawdzenia konkretnego wartos$ciowania potrzeba sprawdzicé
len(3-SAT) trdjek. Oczywiscie te oszacowanie O(n”8*len(3-SAT)) Jjest ogdlne,
wszystko zalezy od tego co wezZmiemy pod uwage podczas szacownaia ziozonosci
algorytmu. Gidéwnym celem artykulu byto wykazanie, Ze mozna efektywnie rozwigzacd
problem 3-SAT. Nawet rozwiazanie o ziozonosci n”10 jest lepsze niz 2”n.
Podsumowujac algorytm w czasie wielomianowym stwierdza czy dane wyrazenie 3-SAT
nie ma rozwiazania, a je$li ma to rdéwniez w czasie wielomianowym zwraca dobre
wartosciowanie.

4. Podsumowanie

Ponizej zalaczony zostal algorytm, ktdéry generuje losowe wyrazenie 3-SAT z
danej listy argumentédw. Kod algorytmu napisany jest w jezyku programowania
python. Jezyk python moze siuzy¢ jako dobry jezyk programowania do ukazania
ogblnego schematu algorytmu. Oczywiscie napisanie kodu algoorytmu w innych
jezykach moze dawa¢ szybsze rezultaty. W algorytmie ponizej pominiety jest drugi
krok, jako ze czyszczenie wartos$ci po pierwszym kroku jest tu zastosowane od
razu. Algorytm moze by¢ modyfikowany i uzywany w celach komercyjnych ale jego
pochodne nie mogg by¢ chronione patentami.

5. Dowdd

Cale zatozenie algorytmu opiera sie na tym, ze gdy wyrazenie 3-SAT zawsze
zwraca fatsz, wtedy algorytm po drugim kroku stwierdza, ze istnieje pewna trdjka
z pustym zbiorem mozliwych wartos$ci. Czyli dla pewnej trdéjki i jej wszystkich
wartosci istnieje $ciezka ktdéra je usuwa.

Dowdd twierdzenia operia sie na tym, ze majac np. 15 argumentow, to
wiadomo, ze gdy wyrazenie 3-SAT jest falszywe to zadne podstawienie nie speinia
tego wyrazenia. Biorac wiec tréjke (x 1, x 2, x 3) i warto$¢ (0, 0, 0) mozna
tréojki (x 4, x 5, x 6), ..., (x 13, x 14, x 14) przedstawi¢ w formie drzewka o 8
lisciach kazdy, gdyz jest 8 wartos$c¢i dla kazdej trdéjki. Wiec dla (x 1, x 2, x 3)
jako korzen drzewa na kolejnym poziomie jest osiem 1lisci z wartos$cami dla (x_ 4,
x 5, x 6). Dla kolejengo poziomu jest 64 takich 1lisci. Dla ostatniego poziomu
4096. Jes$li dla poziomu drugiego usuniemy 4 warto$ci to zostanie
(x 4, x5, x 6), (x7x8, x9), (x10, x 11, x 12), (x 13, x 14, x 15),

4 8 8 8
gdy usuniemy 4 wartosci dla (x 7, x 8, x 9), 4 dla (x 10, x 11, x 12) oraz 4 dla
(x 13, x 14, x 15), wtedy:
(x 4, x 5, x 6), (x7x8, x9), (x10, x 11, x 12), (x 13, x 14, x 15),

4 4 4 4
gdy usuniemy 3 dla (x 7, x 8, x 9), 3 dla (x 10, x 11, x 12) oraz 3 dla (x_ 13,
x 14, x 15), wtedy:
(x 4, x5, x6), (x7x8, x9), (x10, x 11, x 12), (x 13, x 14, x 15),

4 1 1 1
Zostana wie¢ tylko 4 wartosci mozliwe do speinienia dla wyrazenia 3-SAT. Zatem
dla pewnej trdéjki musi istnieé¢ Sciezka, ktdédra usuwa wszystkie jego 8 wartosci.
Dla wyjasnienia jesli usuniemy 4 wartos$ci dla tréjki (x 10, x 11, x 12) z jedne]
wybranej wartos$ci dla tréjki (x 7 x 8, x 9), wtedy dla pozostatych wartosci dla
tréjki (x 7 x 8, x 9) mozna te 4 warto$ci tez usunac¢. Opieramy sie tu na
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zalozeniu, Ze sekwencja podwyrazen dla 3-SAT typu (x 1 or x 2 or x 3), (x_ 3 or
x 4 or x 5) oraz (x 5 or x 6 or x 7) nic nie wno$i do wynikdéw, stad mozna od
razu rozpatrywac¢ Sciezke od (x 3 or x 4 or x 5) do (x 5 or x 6 or x 7).

6. Spostrzezenia

Po perwszym uruchomieniu kroku A, moze sie okazaé, Zze tymczasowe wartosci
zawieraja jedna wartos¢ bez -1. Wtedy taka wartos$é mozna wziasé od razu i
zwrbdcié jako wynik algorytmu.

Bibliogriafa:
1. "Wprowadzenie do algorytméw", T. Cormen, C. E. Leiserson, R. L. Rivest, C.
Stein, 2022
2. Wikipedia
3. www.jetbrains.com - Oprogramowanie PyCharm siuzZzace tworzeniu implementacji
algorytmu, oraz testowania Jjego poprawnoséci.

1. Algorithm:
1. Function: Steps from point A in article:
1. Generate all values for all threes.
2. For every value check if subexpression exists that should remove it
3. For n=1,..,len(list of args)-1
1. For every value do:
1.Check if value can be extended for any subexpression
2. Remove extended value if subexpression exists that should remove it
4 .Check if all threes have at least one value. If no return false, else return list of
remaining values.

1. Input
1. list of args
2. list of 3sat subexpressions
For input value apply function above.
For every remaining value create list of subexpression with two args possible.
For every remaining value apply function again.
Do cleaning
Check if all threes have at least one value. If no return false.
Having all good remaining values for all threes do:
1. Take first value for any three.
2. For every next three with thwo common args:
A. For next possible value
1. Check if partial value is good with all good remianing values
2. If is good create subexpression for given subvalue and apply function above
3. If it is true then if all values have 0 or 1 return value else do step A again. If
it 1s false got to ponit A.

Nk wWDd
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Algorithm in python

import random
import copy
import math

def generate all values(args_dict):
args dict keys = list(args dict.keys())
args_dict keys.sort ()
if len(args dict) ==
return [1]
tmp values [0] * len(args_dict keys)
for x in range (0, 2**len(args_dict)):
tmp values = copy.deepcopy (tmp values)
if x ==
yield tmp values
for n in range (0, len(args_dict)):
if tmp values[n] ==
tmp values[n] =
for t in range (0
tmp values(t
break
yield tmp values

I —I

1
n) :

] =0

def test 3sat real(clause number, args dict):

global good assignments
good assignments = []
string clause = ""
for clause in clause number:

tmp string clause = ""

for counter in range(len(clause[l])):

if clause[0] [counter]:
tmp string clause += clause[l] [counter] + "+"

else:
tmp string clause += "!" + clause[l] [counter] + "+"
string clause += " (" + tmp string clause[:-1] + ")""
print (string clause[:-1])

args dict keys = list(args dict.keys())
args_dict keys.sort ()
good_assignments = []
dividend = math.pow(2, len(args_dict) - 5)
index = 0
args dict tmp = copy.deepcopy (args_dict)
for tmp values in generate all values(args_dict tmp):
for arg in args_dict keys:
if arg not in args dict tmp:
tmp values.insert (args_dict keys.index(arg), 0)
final result =1
final result string = ""
for clause in clause number:
tmp final result = calculate real clause list(clause,
args _dict keys, tmp values)

12



if tmp final result == 0:
break
final result string += str(tmp final result) + """
final result &= tmp final result
if final result == 1 and tmp final result == 1:
good_assignments.append (tmp values)
index += 1
if index % dividend ==
print (f"index {index}")
print ("Number goods: " + str(len(good assignments)))
return good assignments

def calculate real clause list(clause, args_keys, args values):
result = 0
for counter in range (0, len(clause[0])):
index = args keys.index(clause[l] [counter])
arg = args_values[index]
if not clause[0] [counter]:

if arg:
arg = 0
else:
arg = 1
result |= arg

return result

def generate real clause(*args list):
args _number = 3 #random.randint (1, len(args 1ist))
args clause = [0] * args_number
args litteral = [0] * args number
for count 1in range(args number) :
args_clause[count] = random.randint (0, 1)
argument = args list[random.randint (0, len(args_list) - 1)]
while argument in args litteral:
argument = args list[random.randint (0, len(args_ list) - 1)]
args litteral[count] = argument
tmp args litteral = args_litteral.copy()
tmp args litteral.sort()
tmp args clause = [0] * args_number
for counter in range (0, len(tmp args litteral)):
tmp args clause[counter] =
args_clause[args litteral.index (tmp args litteral[counter])]
return tmp args clause, tmp args litteral

def gen 3sat clause(args_dict, clause n):
clause number = [[]] * clause n
for count in range(len(clause number)) :
tmp clause = generate real clause(*args_dict)
while tmp clause in clause number:
tmp clause = generate real clause(*args dict)
clause number[count] = tmp clause
string clause = ""
for clause in clause number:
tmp string clause = ""
for counter in range(len(clause[l])):
if clause[0] [counter]:
tmp string clause += clause[l] [counter] + "+"
else:
tmp string clause += "!" + clause[l] [counter] + "+"
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string clause += " (" + tmp string clause[:-1] + ")""
print (string clause[:-1])
print ("============================================")
return clause number

find solution(clause number, args dict, number real, quick=False):

print ("Clause:", clause number)
string clause = ""
for clause in clause number:
tmp string clause = ""
for counter in range(len(clause[l])):
if clause[0] [counter]:
tmp string clause += clause[l] [counter] + "+"
else:
tmp string clause += "!" + clause[l] [counter] +
string clause += " (" + tmp string clause[:-1] + ")""
print ("Clause", string clause)
assignment excluded = []
for clause in clause number:
tmp assignment = {}
for counter in range(len(clause[l])):
if clause[0] [counter]:

tmp assignment[clause[l] [counter]] = 0
else:
tmp assignment[clause[l] [counter]] = 1
assignment excluded.append (tmp assignment)
good list tmp = {}
for x in args_dict.keys():
for y in args_dict.keys():
for z in args dict.keys():
if x =y and x != z and y != z:
key = [x, vy, z]
key.sort ()
if tuple(key) not in good list tmp.keys():
good list tmpl[tuple(key)] = [[0, O, O],
01, 1o, 1, 11,
(1, 0, 01,

01, 11, 1, 11]
full key = list(args_dict.keys())
full key.sort()
print ("Arguments", full key)
good list = []
good list debug = []
full three = list(good list tmp.keys())
for g key in good list tmp:
for t val in good list tmp[g key]:
tmp _val = []
for £ key in full key:
if £ key in g key:
tmp val.append(t val[g key.index (f key)])
else:
tmp_val.append(-1)
good_ list.append(tmp val)
good list debug.append ([t val, g key])
expression list = []
for assignment in assignment excluded:
keys = list (assignment.keys())
keys.sort ()
values = []
for key in keys:
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values.append (assignment [key])
expression list.append((tuple(keys), values))
assignment found = []
good to remove = []
print ("Length of list before exclude", len(good list))
print ("Expresion list", expression list)
for good value in good list:
for keys, values, in expression list:
for index key, expression key in enumerate (keys):
if good value[full key.index (expression key)] !=
values[index key]:
break
else:
if keys not in assignment found:
assignment found.append (keys)
if good value not in good to remove:
good_to remove.append(good value)
for good in good to remove:
good list debug.pop (good list.index (good))
good_ list.remove (good)
print ("Length of list after exclude", len(good list))
good list not = []
good list debug not = []
for step in range (0, len(full key) - 1):
print (step)
was_changed = False
goods_to remove = []
good list not add = []
for good value in good list:
for expression keys, expression value in expression list:
vals found = 0
key not found = None
for index key, expression key in enumerate (expression_ keys):
if good value[full key.index (expression key)] ==
expression value[index key]:
vals found += 1

elif good value[full key.index (expression key)] == -1:
key not found = expression key
if vals found == (len(expression keys) - 1) and key not found:
if expression value[expression_ keys.index (key not found)] ==
0:
good value[full key.index(key not found)] =1
else:
good value[full key.index(key not found)] = 0
elif vals found == len(expression keys):
goods_to remove.append (good value)
else:
continue
was_changed = True
break
else:

good list not add.append(good value)
for good to add in good list not add:

good list debug not.append(good list debug[good list.index(good to add)])
good list debug.pop(good list.index(good to add))
good list not.append(good to add)
good_list.remove (good to add)
for good to remove in goods to remove:
good list debug.pop(good list.index(good to remove))
good list.remove (good to remove)
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if not was_changed:
break
for indx, good in enumerate(good list not):
good list.append (good)
good list debug.append(good list debug not[indx])
print ("len after", len(good list))
threes analyze = {}
for val, key in good list debug:
# 1f len(val) < 8:
# print(key, val)
for three in full three:
for three s in three:
if three s not in key:
break
else:
if three not in threes analyze:
threes analyze[three] = []
if val not in threes analyze[three]:
threes analyze[three].append(val)
for key in full three:
if key not in threes analyze:
print ("Key is missing. No solution", key)
return False
three to three double = {}
three to three one = {}
for three 1 in threes analyze:
three to three double[three 1] = []
three to three onel[three 1] = []
for three 2 in threes analyze:
counter = 0
three in = []
three not in = []
for indx, three 2 s in enumerate (three 2):
if three 2 s in three 1:
counter += 1
three in.append([three 2 s, indx])
else:
three not in.append([three 2 s, indx])
if counter == 2:
three to three double[three 1].append([three 2, three in,

three not in])

if counter ==
three to three one[three 1].append([three 2, three in,

three not in])

for i in range (0, len(full key)):
print ("Cleaning step", 1)
was _not in = False
counter clean = 0
for three in threes analyze:
val to remove = []
for val in threes analyze[three]:
double list = {}
one list = {}
was_removed = False
for three c, three in, three not in in

three to three one[three]:
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double key = (three not in[0][0], three not in[1][0])
double tmp = []

was_in = False

for val ¢ in threes analyze[three c]:

if val cl[three in[0][1]] == val[three.index(three in[0]



(01)1:
double tmp.append([val c[three not in[O0][1]],
val cl[three not in[1][1]]])
was_in = True
if not was_in:
if val not in val to remove:
val to remove.append(val)
was removed = True
if double key not in double list:
double list[double key] = double tmp
else:
to rem = []
for double val in double list[double key]:
if double val not in double tmp:
to rem.append(double val)
for rem in to_ rem:
double list[double key].remove (rem)
if not double list[double key]:
if val not in val to remove:
val to remove.append(val)

was removed = True
if was_removed:
break
if was_removed:
break

for three ¢, three in, three not in in
three to three double[three]:

one key = (three not in[0][0])
one tmp = []
was_in = False
for val ¢ in threes analyze[three c]:
if (val c[three in[0][1]] == val[three.index(three in[0]

[01)]
and val c[three in[1][1]] ==
val [three.index (three in[1][0])]):
was_in = True
one_ tmp.append(val c[three not in[0][1]])
if not was_in:
if val not in val to remove:
val to remove.append(val)

was removed = True
if one key not in one list:
one list[one key] = one tmp
else:
to rem = []

for one val in one list[one key]:
if one val not in one tmp:
to rem.append(one_ val)
for rem in to rem:
one list[one_ key].remove (rem)
if not one list[one key]:
if val not in val to remove:
val to remove.append(val)
was_removed = True
if was removed:
break
tmp_keys = {}
for double key in double list:
one tmp 1 = []
one tmp 2 = []
for val 1 in double list[double key]:
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if val 1[0] not in one tmp 1:
one_ tmp l.append(val 1[0])
if val 1[1] not in one tmp 2:
one tmp 2.append(val 1[1])
if double key[0] not in tmp_ keys:
tmp keys[double key[0]] = one tmp 1
else:
to rem = []
for one t in tmp keys[double key[0]]:
if one t not in one tmp 1:
to rem.append(one_ t)
for rem in to rem:
tmp_ keys[double key[0]].remove (rem)
if double key[l] not in tmp keys:
tmp keys[double key[1l]] = one tmp 2
else:
to rem = []
for one t in tmp keys[double key[1l]]:
if one t not in one tmp 2:
to_rem.append(one_t)
for rem in to rem:
tmp_ keys[double key[1]].remove (rem)
for tmp in tmp keys:
if not tmp keys[tmp]:
if val not in val to remove:
val to remove.append(val)
for val in val to remove:
threes analyze[three].remove (val)
if len(threes analyze[three]) ==
print ("Missing key. No solution", three)
return False
counter clean += 1
was _not in = True
print ("Counter clean", counter clean)
if not was not in:
print ("was not in")
break
if quick:
return True
print ("Good three list clean")
for three in threes analyze:
print (three, threes analyze[three])

print (vv____u)
print("--———----——-—-———~ three vals after excluding")
final good first = [-1] * len(full key)

first three = (full key[O0], full key[1], full key[Z2])

first three val = threes analyze[first three] [0]

final good first[0] = first three val[0]

final good first[1l] = first three val[l]

final good first[2] = first three val[2]

final good = find final(final good first, first three, threes analyze,
full key, assignment excluded, clause number)

print ("Full key", full key)

print ("Final good:", final good)

final result =1
for clause in clause number:
tmp final result = calculate real clause list(clause, full key,
final good)

print ("Clause", clause, tmp final result)
final result &= tmp final result
if final result ==
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print ("Final value does not solve the 3-SAT expression but should")
exit (1)
return True

def check if good(tmp final good, full key, assignment excluded) :
min values minus_ excluded = []
for ass _exc in assignment excluded:
not good = {}
for ass in ass_exc:

if tmp final good[full key.index(ass)] == -1:
if ass _exclass] ==
not good[ass] = 1
else:
not good[ass] = 0
#not good[ass] = ass _exc[ass]
elif ass_exclass] != tmp final good[full key.index(ass)]:
break
else:
#print (ass_exc)
if not good and not good not in min values minus_ excluded:
min values minus excluded.append(not good)
clauses = []
for min values minus in min values minus_excluded:
clause = ([], [1])

for min in min values minus:
clause[1l] .append (min)
clause([1l] .sort ()
for cl in clause[l]:
clause[0] .append(min_values minus[cl])
clauses.append(clause)
args dict = {}
for indx, tmp val in enumerate (tmp final good):

if tmp val == -1:
args dict[full key[indx]] = 0
print (min values minus_ excluded)
return find solution(clauses, args dict, [], quick=True)

def check tmp final (tmp final good, threes analyze, full key):
for three c in threes analyze:

three in = []
for three c s in three c:
if tmp final good[full key.index(three c s)] != -1:

three in.append(three c s)
if three in:
is_good = False
for val ¢ in threes analyze[three c]:
for three ¢ s in three in:
if val cl[three c.index(three c s)] !=
tmp final good[full key.index(three c s)]:
break
else:
is good = True
if not is good:
print ("is good false", three c, threes analyze[three c])
return False
return True

def find final (tmp final good, first three, threes analyze, full key,
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assignment excluded, clause number) :
print ("First three", first three)
for key in full key[3:]:

current three = (first three([0], first three[l], key)
if key == full key[-3]:
for last vals in [[O, O, O], (O, O, 1], [0, 1, O], [0, 1, 11,
(1, o, o1, 1, o, 11, %, 1, 01, 1, 1, 111:
tmp final last = copy.deepcopy (tmp final good)
tmp final last[-3] = last vals[O0]
tmp final last[-2] = last vals[1]
tmp final last[-1] = last vals[Z2]
final result =1
for clause in clause number:
tmp final result = calculate real clause list(clause,

full key, tmp final last)
# print("Clause", clause, tmp final result)
final result &= tmp final result
if final result ==

print ("Final candidate value does not solve the 3-SAT

expression")
else:
return tmp final last
else:
print ("No assignment")
exit (1)
candidates = []

for val in threes analyze[current three]:

if val[0] == tmp final good[0] and val[l] == tmp final good[l]:

candidates.append(val[2])
print (candidates)
if len(candidates) ==
tmp final good[full key.index(key)] = candidates[0]
else:
for candidate in candidates:
tmp final = copy.deepcopy (tmp final good)

print ("Run for ", tmp final, current three, current three,

candidate)
tmp final[full key.index(key)] = candidate

if check tmp final (tmp final, threes analyze, full key):
if check if good(tmp final, full key, assignment excluded) :

tmp final good = tmp final
print ("Is good", tmp final)
break

print ("Is not good", tmp final)

else:
print ("No solution™)
exit (1)
return tmp final good

def main () :

args dict = {}

#for var in ["a", "x"]:

#for var in ["a", "b", "c"]:+

#for var 1in ["a", "x" ”y”, "u"]:

#for var in ["a", "b'", '"c", "d", "e"]:

#for var 1n ["a", "b”, HCH, Hd", "e", an]:

#for var 1in [”a”, ”b”, HCH, ”d”/ ”e”, an/ ”g”/ Hh”]:

#for var in ['a', 'b' 'c', '4d', 'e', 'u', 'w', 'x']:

for var in ['a'y, "', 'c', 'd', 'e', 'f£', 'g'r 'h', 'i'r 'j']!
#for var in ['a" 'b" 'C', 'd" '@', 'f'/ 'g'l 'h'/ 'i'/ 'j'/
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#for Var ln [!aI, Ib!, ICI, Id!, IeI, If!, Ig!, IUI, 'W', 'X',
#for Var ln ['a'/ Ib!/ ICI/ Id!/ 'e'/ If!/ Ig!/ Ih!/ Ii!/ Ij!/
#for var J_H [!aI, Ib!, ICI, Id!, IeI, If!, IgI, Ih!, Ii!, Ij!,
InI, 'O']:

#for 1 in [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]:

#for 1 in [1, 2, 3, 4, 5, 6, 7, 8]:

#for 1 in [1, 2, 3, 4, 5, 6]:

for i in [1, 2, 3, 4]:

#for 1 in [1, 2, 3]:

#for 1 in [1, 2]:

#for i in [1]:

args_dict["%s%s" % (var, 1)] = 0

expression = gen 3sat clause(args_dict, 105) # 45)
print ("Expression", expression)

#number real
number real = []
#print ("Number real:

test

3sat real (expression, args_dict)

", len(number real), str(number real[:10]))

find solution(expression, args_dict, number real)

if name == " main ":
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