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We introduce a new determination method for the full rankness of a matrix over the binary field, which is made
with algorithms used by SAT solver as a reference.

1.

SAT satisfiability problem

SAT

SAT

SAT

SAT

[3, 6]

2 F2

SAT

2 F2 2

2 {0, 1}
2 Q

2 p

Fp

(a) r

(b) r

F2

2.

SAT 3.

4.

5 6.

3. SAT

: machide@nii.ac.jp, tomohiro sonobe@nii.ac.jp.

MiniSat [2]

2.

2 F2 CNF ( Con-

junctive Normal Form)

F2

1 ↔ True , 0 ↔ False

CNF clause

(“or”, ∨)
(“and”, ∧)

CNF

F2 + “xor”

F2 CNF

CNF

x = 0 ⇐⇒ ¬x = True,

x+ y = 0 ⇐⇒ (¬x ∨ y) ∧ (x ∨ ¬y) = True.

“= True”

p

x1 + · · ·+ xp = 0 (2.1)

2p−1

y1 ∨ · · · ∨ yp

(
yi ∈ {xi,¬xi},

yi = ¬xi

)
(2.2)

(2.1)

⇔ xi = 1

⇔ xi = 1

⇔ (2.2)

p = 3 (2.1) CNF

4 = 22

(¬x1 ∨ x2 ∨ x3) ∧ (x1 ∨ ¬x2 ∨ x3) ∧ (x1 ∨ x2 ∨ ¬x3)

∧(¬x1 ∨ ¬x2 ∨ ¬x3).

1

The 32nd Annual Conference of the Japanese Society for Artificial Intelligence, 2018

4K1-OS-16a-02



3. MiniSat

A = (aij) F2 m×n A

⎧⎪⎪⎨
⎪⎪⎩

a11x1 + · · · + a1nxn = 0
...

am1x1 + · · · + amnxn = 0

(3.1)

i

L(i) ai1x1 + · · ·+ ainxn = 0

1 pi pi = |{j | aij =

1}| 2. L(i) qi = 2pi−1

c
(i)
1 , . . . , c

(i)
qi CNF

c(0):=x1 ∨ · · · ∨ xn

CA := c(0) ∧
(

m∧
i=1

(c
(i)
1 ∧ · · · ∧ c(i)qi )

)

CA (3.1)

c(0)

A

(3.1) (x1, . . . , xn) = (0, . . . , 0)

c(0)

LEMMA 3.1.

A ⇔ CA UNSAT

UNSAT CA

SAT

MiniSat “UNSAT”

Z1

Z2

“ ”[1]

m n pi

Z1 7309 959 89.6

Z2 16936 2028 205.3

1 Z1 Z2

1 (pi )/n 1

90% 0 c
(i)
j

m× 2(pi ) MiniSat

O(n2)

C′
A

1. c(0) C

2. C MiniSat SAT

3 UNSAT 4

3.

C 2

Z1, Z2

1: Z1 MiniSat

2: Z2 MiniSat

4. C C′
A

C′
A CA C′

A UNSAT

CA UNSAT

conflicts CPU time (Parse time)

Z1 137 0.9s (0.8s)

Z 1431 35.5s (33.3s)

2

conflicts UNSAT

CPU time Parse

time CNF CNF

C′
A CNF

CPU time 10 ∼ 100

A MiniSat

CNF

2n

n

A CA

MiniSat

MiniSat
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MiniSat

CNF

MiniSat DPLL

CDCL VSIDS

[5]

(i). (ii). CDCL

MiniSat (i) (ii)

(i) → (ii) → (i) → · · ·

(i) (ii)

MiniSat

VSIDS

(i)

MiniSat

5.

4.

4.1
A = (aij)

(3.1)

xi

(3.1) i L(i)

X(i) := {x(i)
1 , . . . , x(i)

pi } ⊂ {x1, . . . , xn}

L(i) L(i) ↔ x
(i)
1 + · · ·+

x
(i)
pi = 0

1. X = [ ]

2. X(i)

3. |X | = n 4.

i. X(1), X(2), . . . , X(k)

|X(j+1) \ (X(j) ∪ X )| ≤ 3 (1 ≤ j < k)

3

ii. k > 0 k = 0

X(i)

X X(i)

X(i) = φ

X(i)

X(1), X(2), . . . , X(k)

iii. j = 1, 2, . . . , k |X(j) \X | = 1 X

X ← X(j) ∪ X .

X(j) X j = 1

iv. X X(j) 3.

4. X [xr1 , xr2 , . . . , xrn ] A

ri → i (i = 1, . . . , n)

5.

A =

⎛
⎜⎜⎜⎝
1 1 1 1 0 1

0 1 1 0 0 0

0 1 1 1 1 1

1 1 1 1 1 1

⎞
⎟⎟⎟⎠ → A′ =

⎛
⎜⎜⎜⎝
1 1 1 1 1 1

1 1 0 1 1 1

0 1 1 1 1 1

0 0 0 0 1 1

⎞
⎟⎟⎟⎠

1 X = [x1, x6, x5, x4, x3, x2]

(1, 6, 5, 4, 3, 2) → (1, 2, 3, 4, 5, 6)

0 1 X(i)

X

X
3-iii X X(i)

3-i

X(i)

[7]

4.2
SAT CNF DPLL

unit propagation

“SAT”

“UNSAT”

xi

¬xi xi

CDCL

DPLL

[5]

A′ A′

K = (k1, . . . , kg) (ki < ki+1)

K = (3, 4, 6) k0 = 0

A′ “FULL” “UNFULL”

CDCL

FULL UNFULL

L(i) : x
(i)
1 + x

(i)
2 + · · ·+ x(i)

p = 0

(p− 1) x
(i)
2 , . . . , x

(i)
p

1 x
(i)
1

SAT

2-iv L

CDCL
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1. a = 1

2. a = g + 1 3

xka = 1, xka+1 = · · · = xn = 0

i. k = ka − 1

ii. xk xi (i < k)

L = [L(1), . . . , L(s)]

iii. L = φ “UNFULL”

L(i) xk

y(i)

iv. y(u) �= y(v) u < v xk

y(1)(= y(2) = · · · = y(s)) k ← k− 1

ii L(u) L(v)

L

• xka xi(i < ka)

L

v. a ← a+ 1 2

3. “FULL”

A′ A

A′

A

5.

CPU

2 Intel Xeon E5-2670 2.60GHz RAM 512GB

OS CentOS 6.7 [1]

single parallel

Python 3.4 Cython

[4] Python

C

[4]

•
• F2 F16381 F31991

•
• 8CPU: Intel Xeon X5355 2.66GHz

(8 core) RAM: 32GB OS: Linux

(m ,n ) S P

(18973, 4075) 4m30s 1m 16s

(40964, 8164) 36m 4m 1m2s

(87998, 16347) 5h25m 26m 3m30s

(188421, 32719) - 3h 12m30s

single(S) parallel(P)
Python 3.4 Cython

(m ,n ) [4]

(8192, 8192), (87998, 16347) 2m 3m30s

(16384, 16384), (188421, 32719) 13m 12m30s

(32768, 32768), (401095, 65471) 1h18m 54m

(65536, 65536), (851972, 130986) 9h 3h33m

(131072, 131072), (1006556, 262030) 67h 5h27m

[4]
[4] C Python3.4 Cython

4

2 [4] 6∼8

3∼5

(1006556,262030)

6.

SAT

CDCL
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