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Abstract
Oreganography is the art of encrypting information in weedy ways for herbal recreation.
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1 Satoku Matrix

A satoku matrix is an inverted adjacency matrix preserving clause boundary information for implementing a
requirement update algorithm (see figure 1.3).

A satoku matrix S is formally defined as a sequence of cell-matrix rows ¢;, 0 < i < |S|, where a cell-matrix row
c; consists of cells ¢;,, 0 < g < [S|. A cell ¢;, consists of cell rows iz, 0 < < |ci, |, where a cell row Tis,
consists of states s; Jop 0<h<l|r i |. A state Si,, Tepresents a conflict relationship CFR with the state s,,

i
where a conflict relationship is either possible = 1 or impossible = 0. A state row s;;, 0 < j < |c;,| is the
sequence of cell rows Tij, - The index scheme is summarized in table 1.1.

table 1.1: Satoku Matrix Index Scheme
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For better readability, if a cell row Tij, contains more than one 1-state, all 1-states in T, are represented by a dash
(-) (see figure 1.1).
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figure 1.1: Satoku Matrix Index Scheme Example



Merging a sequence of state rows S into a state row s;;, denoted as Mrg(s;,, S), is defined by the algorithm in
figure 1.2. It returns the number of 1 — 0 transitions performed.

def Mrg(s;,,S):
transitions < 0
for each state row s4, € S
for each state Sije, 0<e<|[S|,0< f<|ry|:
if Sije, # 0 and Sgn, = 0:

S;J = 0, transitions +=1
ey
if sef. # 0:
i
S/ef = 0, transitions 4+=1

J
return transitions

figure 1.2: Merge State Rows S Into State Row s;,

The requirement update algorithm in figure 1.3 distributes conflict relationships into all cell rows which have a
single 1-state. After applying the requirement update algorithm, the satoku matrix S is called consolidated.

transitions < 1
while transitions > 0:
transitions < 0
for each state row s;;:
for each cell row Tijys #+g:

if there is only a single 1-state s;, = 1, >0 Sij,, = 1:

transitions += Mrg(s;,, 54, ) // merge state row s, into state row s;,

figure 1.3: Requirement Update Algorithm

The consolidated version of the Satoku Matrix Index Scheme Example from figure 1.1 is shown in figure 1.4.
Notably 502, triggered a merge of s3, into sp,. This led to state 531, causing 1 — 0 transitions of state 505,
and state s1, .

2
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figure 1.4: Consolidated Satoku Matrix Index Scheme Example



2 Mapping a CNF Formula to a Satoku Matrix

A CNF formula F is a conjunction of m disjunctive clauses C; each containing k; literals [;, where a literal [; is
a negated or unnegated boolean variable:

m—1 ki—l
F = /\ CZ', m = |F|, C; = \/z lj, k; = |Cl|, m,ki S N().
i=0 j=0

Mapping a CNF formula F' to a satoku matrix S with the algorithm in figure 2.1 results in an unconsolidated
satoku matrix S.

for each clause C; of CNF formula F, 0 < ¢ < |F:

extend each state row s, by |C;| 1-states, 0 < e <4, 0 < f < |ce, |
add |C;| state rows with Z;:o |C,,| 1-states each
// process at-most-1 constraints
for each cell row 7, , 0 < j < |Cy — 1

for each state s;, , j < h < |Cj|:

*h
Siy., 0
*h

hi_e()

Si
// process conflict relat]ionships
for each state row s;,, 0 < i < |F|, 0 < j < |Cil:
for each cellrow r;; , i < g <|F|:
for each state s;; , 0 < h < |Cy|:

if Cij AN Cgh =0

figure 2.1: Mapping a CNF Formula to a Satoku Matrix



3 Mapping a Satoku Matrix to a CNF Formula

See figure 3.1 for an algorithm to map a satoku matrix to a CNF formula.

start with empty CNF formula F' (a conjunctive clause)
for eachcell ¢;;, 0 < i < |S|:
add an empty disjunctive clause C; to F’
for each cell row 7;; , 0 < j <e;,|:
add an unnegated variable v;; to clause C;
for each state row s;,, 0 < i < [S|, 0 < j < ey, |
with cell row T,
for each state Sij,, J<f<lryl
ifs;;, =0:
if
to express the conclusion v;; — —w;,,
add the disjunctive clause —v;; V —w;, to [F|
for each cell row r;, , i < e <|S|:
for each state s;,, , 0 < f < |73, |:
ifs;, =0
f

add the disjunctive clause —v;; V =, to [F]

figure 3.1: Mapping a Satoku Matrix to a CNF Formula



4 Initial Information Encoding

Arbitrary pixel blocks like “HAPPYEASTER!<smile><egg><egg>" can be encoded in the upper right half of a
satoku matrix in a simple manner by flipping 1-states to O (see figure 4.1).

B e e e e
sgy| locooo|=0——0—|==00==|=000-=[=000-=|=0—===10
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figure 4.1: Text Encoded in a Satoku Matrix

The satoku matrix in figure 4.1 can then be mapped to CNF formula (see figure 6.1). Since this formula is huge,
only a reduced version is shown here in figure 4.2.
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figure 4.2: Reduced CNF Formula of Mapped Satoku Matrix



Mapping the CNF formula in figure 4.2 to an unconsolidated satoku matrix, effectively hides the encoded infor-
mation (see figure 4.3).
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§y, | =0=——==|==———— o]l == == == == == | == == | == | == | == | == | == | == | == | == | == | == | == | ——
g3y | 0—————|—————— ——|lo|==|==|==|—=|—=|-=|—|-= ||| ——|——=|-=|—"=|—=|——|—=|——
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figure 4.3: Reduced CNF Formula Mapped to Unconsolidated Satoku Matrix



Performing the requirement update (figure 1.3) to the satoku matrix in figure 4.3 results in a consolidated satoku
matrix, which shows the restored original information (see figure 4.4).
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51, | ——0===|oolooo||l—=|==|==|==|==|=—=|—|=—=|——|=—=|=—=|—=|—=|=—=|—=|==|—=| 10 |==|—=
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83y | 0=———— | —————— ——|lo |=—|=— || == == | == | == | == | == | == | == | == | == | == | == | == | == | ==
83 | —0———|—————— —|ol |——|——|— ||| —— | —— | | —— | —— | — | —— | —— | —— [ —— | — | == |——

sS4y | === 0—— | m e T e e B e e I e [ [ ) -
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87y | Om———— | —————— —— || === 1D | | | | | [ | | [ [ | e | | e | e e
§qy | =————— Q= || == == | == | == == 2]l == | == == | == | == | == | == | == | == | == | == | == | == [ ==

8g, | =—————w ———— | | | [ | [ [0 ] | [ [ | | [ | | [ | o | e | e
8gy | —0=———|—————— — == | == |==| == == == |1lo | == | == | == | == | == | == | == | == [ == | == | == | ==
8y | == Q=== |=————— —|——|——|——|—— ===l | == | == | == | == | == | == | == [ == | == | == | == [ ==
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S1gg | —0————[—————— - || == === == || === | == |1 o |—— | ——|—— == | —— | ——|——
81y | —————— -0 ----|------|-—|—— |- |- ||| |- |-
81y | == === |—————— —_|—— ||| —— === | == | == | == | == | == | == | 1o | == == [ == | == | == [ ==
815, | ==—=0——|—————— —_|——|—— || —— === | == | == | == | == | == | == | o 1 | == [ == [ == | == | == [ ==
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St | == === |=—=———— —— | || | || | —— | = | | = | = | == [l o | == | == | == | =
s1y, | ——=——=— 0 |————— —|——|—— || —— === | == | == | == | == | == | == | == | == 1 [ == | == | == [ ==
Sy | == === |[==———— —_|——|—— || —— === | == | == | == | == | == | == | == | == ==l |=—— | == ==
81y, | —————— - ||| |- || ||| | === || 1| —— | ——|——
3]')(3 __D___ ______ - - |- (| "\ """\ """ |7 || |77 | ].L' Dl R
Sy, | ——=———— ———— ||| | == | === | == [ == | == | == | == | == | == | == | == | == [ == | == o 1 | == [ ==
Sogy | == === [=————— —_|——|—— || —— === | == | —— | == | == | == | == | == | == [ == == | == | 1o ==
8gp | —————— ——— (|| || — | —— |—— | —— | — | —— | —— | —— | — | —— | —— | —— | == ——|® 1 [——
3!](3 __D___ ______ - -1\ """\ """\ """/ "\ """ | "7 | "7 |7 |7 "7 |7 ].D
sq1, | ——=———=— ———— ||| | == | == —— | = [ == | == | == | == | == | == | —— | == | == | == | == | == | == e 1

figure 4.4: Consolidated Satoku Matrix for Reduced CNF Formula



5 Advanced Information Hiding

Removing the at-least-1 clauses from the reduced CNF formula in figure 4.3 results in a set of 2-literal clauses
(see figure 5.1). For the full formula in figure 6.1 without at-least-1 clauses see figure 7.1.

(—go V =g ) A (—vge V —ge) A (mge V —ga ) A (—ogg V —tiga ) A (=g V —gs ) A (St V —vnn ) A (=t WV —ong ) A (mogn V mwge ) A

(v W —tgs ) A (—oon Vo) A (Do WV ogs ) A (Dogr Voo ) A (Dopn Voo ) A (Doge Voooga ) A Do Y oom ) A (Soge Vo oogs ) A
(mwge Vo ) A (g V —ng) A (e Vg ) A (Svge Vi)

figure 5.1: Reduced CNF Formula Without At-Least-1 Clauses

Producing a consolidated satoku matrix from the formula in figure 5.1 lacks any information whatsoever (see
figure 5.2).
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figure 5.2: Consolidated Satoku Matrix for Reduced CNF Formula Without At-Least-1 Clauses



When the variables of the CNF formula in figure 5.1 are mapped via 2-literal clauses of the form (p V —p), only
the conflict relationships between the clauses and variables become visible (see figure 5.3)
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figure 5.3: Unconsolidated Satoku Matrix of Reduced CNF With Mapped Variables
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Only when the requirement update algorithm in figure 1.3 is applied to the unconsolidated satoku matrix in figure
5.3 the information reappears in the lower right mapped variable quadrant (see figure 5.4).
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RN [ R U (R S N PR (N U, U, DU DU P | DU - [ [ - -— -
—=|== == == |10 |== | == == [== | == |10 == | == | == [== | 1 0 |== | == |==|[0 L |0 L |0 1 [== | == | == |==| 1o | == [==| == | ==
RN [ R (N N P (N N N P N BN (N | N NN P | N N NN (N PR NN P PN . -
—| == ||| === == = | == === | == | — | == | — |1 0| == |[==]|[==|—| 01 |== | == | =—=| == |—— |1 o |== | —|——
RN [ R Y (N N N P (N N N Y N N (N N PN P | B S N (R P N P P P ) [
—| == ||| === == = | == === | == || = | = |1 0 |==]|[ == || 01 |[== | == | =——| == | == |— |1 o | ——|——
RN [ R N (N N N P (N N N Y N R (N N PN P | B S N (R N N P P ) _—
—|==|==|==|== |10 |== == == |==| == [10 |== | == == | == |== == [10][0 1| 01|01 [-= | == | == | == | == | == [==| L 0| ==
RN R R U (R S R PR (N U, U P DU U P | DU U ——— - — S )
YR R R R | R O R |y ]y
| | [ e == = = | = | == == == == == == | == | == | == | == || == | == | == | == | == | == | == | == | == | == | == 2 1

figure 5.4: Consolidated Satoku Matrix of Reduced CNF With Mapped Variables
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The mapped variable quadrant of the satoku matrix derived from the full CNF formula in figure 7.1 already hints
strongly at the encoded message (see figure 5.5).

s, JOL[01]01]1of0t]ot ][]0t |—=[o1]—]—o1[—|—]ot|—]-—Jo1[—[—[—=]—[-—=[o1 [— | —|—[—|—[— o1 [——|—

54, |01{01[01|01|1o|[01|—=|01|——|—=|01|—=[—=|01|—|—[01|——[—=|01|—|—|—|[—=|—= |01 |—|—=|— |- |—=|—=|—=| 01 |——|——

84,

359

85 | ——|——|——|——|-—|o1|--

s6y | == |==|==|==|==|==[1le 0101|0101 |0)|==|==|01{0]|==|==|==|==|01|0]|==|==|==|01|0L|01|0]|==|==[01{0L|OL|{0L1|0]

so0 | ——|—— | == ||| [0 1 |—= | == | == | == | == | == [ = | == | == | == |~ = |~ | == | == | == | == | == | == | = | = | == | == | == | == | = |~ | == | | =
smlotjotfotfotfot]—]ot[teotfot]ot[ot]|—=]0 L]—=|—=|—=|-=]-=[0t[—=][==0 1 [-—=[==[0 1t [—=[—= [ === == |-=[0 L [-—=|—=
sn | ——|—— | —— ||| |- |o 1 |- = | == | == | == | == | = | == | == |~ |- = |- |-= e e e [ o = e e e e e

s8 | == |== |01 |==|==|==]01|01|1e|02{01]|01|==|01|01|==|==|==|==]|01|01|02|01|==]|==]01]{01[01|01|==|==|==|==|01|—=|——

85, | —— || |—= ||| || e 1 |- = | == | == | | == | == | | | | |-

S | ——|—— |01 |——|==[—=[0r[ot[0 L[ To (0101 [—=[0L|——|—|—=|==[—=[0 L[ == [== [0 [—=|—=|—= == || 0 L | == | == [ |—=| 0 L | == |—=

01(le|01{01|—— |01 |——|——|01|——

RN P T (P (R (R U PR R PR

01(01|1e|01|——|——|01|01|——|——

0101|001 |1o|——|—|—|-|-—|-—

| || —= |0 1 | == | == | == | == [ ==
0101 |==|==|01|lo|0Ll(01l 01|01
RN (R (N R [PSOS T S PR B
—=|==]01|==]01|0l|lej0l|OLl|01
RN [ (R R N PEOS T R S

—=|01|0L(01j0l|le|0]

JE [ (R P N A

——|01fo1f01{01{01(Lle

figure 5.5: Mapped Variable Quadrant of Full CNF Formula Without At-Least-1 Clauses
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The original message can be restored by adding the at-least-1 clauses manually to the mapped variable quadrant
from figure 5.4 and making exactly one mapped variable required in the lower right quadrant for each literal of
the at-least-1 clauses (see figure 5.6).

o o o o o o o e e
so, |1ejotforforfo1]or][-=]o1]-=]-=To1]—=]—=[-=To1]01]—=][-=[[-————=[ === [-————=

Bop O]l |=m | == || [ | | | | [ | [ | | [ | e [ e [ o e | e | e e e

s, |01]1oforfot|otfor]|—|o1|—|——Jo1|——]—|o1r|—|——|or|——|[-———] | ————

sy | ——|el|——|—|-—~|— |- ||| |— |~ |—|——|——|—— | — |—— ||| | ——————

0101|1002 |01 |01 | == 010201 |01 |==|==|02 |02 |02|01|==]|-=====|—=====|—===—=

82, | == |==|ol |==|== === | == | | == | == | == | == [ == | == | == | == | == || == 0= | —————— | = —————
s3 | 01[01[|01[10|—=|-=[-=|-=]-=]-=|==|==|-=|—=|-=|-=|—=|-=|-=====| === ===
sy | —|——|——|el|——|—|—|—~|—|——|— | —|—|——|——|— | — |——||——— 00— | ————— | ——————

s 010101 ——[1o|—[—[—[—[—[-—]—]—|-—-|-—-]-—|—]-—-[-————————-

—— ==l === == == == | == | == | == | == | == [ == | == | == || =0 = [ —————— | ——————

0110101 |==|==|lo|=—|=—=|—— | == || —— | == [ == | —= | == [ == | == || = ————— | m————— | ———_———

8g, | == |== == === | O] | | | | || | e [ f o f i { ] o e e e D=——m—— | ===
s6 | ——|——|——|——|-——|-——|Lle|-——|——|—|—"—~|—"—|—|—"~|—"—|—"—~|—|— |- |
8g | == |==|==—|==|==|==|0]l |==| == | == == | m— = | == | == | == | == [ == || = ————— e | e

sy, | —— —— === ===l |—— | == | == | == | == | == == || —— | == || ————— - [—————
8gg | == |== |01 |==|==|==|==|==| 10 |=— == | == | == | == | == | == | == | == || = ————— | = ————— | ——————
8y, | == |==|==|==|==|== == | == 0] | == = | = | == | == | == | == [ == [ == [| === ——— ———————————
Sgy | == |== |01 |==|==|==|==|==|==|l0 == | == | | == | == [ == | == [ == || == | m [ —————
gy, | —|—|—|—|—|—|—|—|—— |l |—|—|—|—|—|—|—|——||—————— ——— |
1, | 01|02 |01 | === |==|==| == |—=|=—|1o|— |||~ || —|——||-————— | —————— | ——————
s | == |==|==|==|==|==|==|==|==|==|2]l | == | == |==|==|==| == |==||==———= il el B
81y | == == |==|==|==|==|==|==|==|==|== |l o |== | == | == [ == | == | == || = ————— [ ————— [ —————
Sy | == == == | == == == | == | == | == | == |==| ol | == | == | == [ == | == | == || = ————— [ ———— )| =—————
g1y | —|—|——|——|—|——|—"—|——|——|——|—|—| L o |—— | ——|—— | — | —— || —————— | ————— | —————
g1y | — |— |—|—|—|—|—|—|—|—|—|—— |1l |—|—|—| —|—||—————— | —————— f————

g, | — |—|—|—|—|—|—|—|——|—|—|—|—|——|— ol | —|—||————— | —————— ———0——
81y | —— |01 |01 |==|==|==|==|==|==| == |==| == |==|==|=—=|—=| L o |—= || ===—===| —————— | = —————
81g, | == |==|==|==|=— | == | == | == | == | == | == | == | == | == | == || 0 ] == || ————— | m————— ———=0-
Sip | == | == | == === || || —— || | == | = | = | = [ = | == [l o [ —— | —— | e
Sip | == | == ||| ||| —— | | | [ | | [ = [ o L [ | e e e 0

g1y, | == == |=—=|==|==|==|==|==|==|==|=0|==|==|==|=—= == —|—=||—————= sooo0lo|——————
Bigy | == == == | == == | == | == | == | == | == | == | =0 | == | == [ == [ == | =—— | == || m———— 00000l |——————
Sagy | == == == | == |==|==|== | == | == | == | == | == | = O | == | == | == | == | == ||~ ————— | ————— looooo
Sgp | == |==|==|==|==|==|== | == | == | == | == | == | == | = O | == | == | —— | == || ————— | ————— cloooo

figure 5.6: At-Least-1 Clauses Manually Added to Mapped Variable Quadrant
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Running the requirement update algorithm from figure 1.3 consolidates the satoku matrix from figure 5.6 and
restores the original message in the lower right Quadrant (see figure 5.7).

8 o o o | o o o o o o o o e e
sg, [ Lo(01|01|01 (01|01 |== |01 |==|== |01 |==|==|==|01 |01 |==|=={|100000|=0-=0~|-=00~—

Sg | O]l |=m | || [ | | | | [ | [ | | [ | e [ e [ o e | e | e e e

s, (0110|0020 |01 |=—|01|—=|==|01|—=|==|01|==|—=|01|=={|010000|=0——0—|-0—-=0~—

81, —lel|——|— ||| |—|—|— ||| ||| ||

0101|101 (01|01 |==|01 |01 01|01 |==|==[01|02 (01|01 |==|001000|=0000=|=0000-=

83,

By | == == 0] | = | | | | | | | | o [ | | i f ] [ | e e | e e e e
sy | OL[0L[0L]1o|—=|-=]-=[—=[—=]-=|—=|—=|—=|-=|-=|-=|—=]-=[[o00——| - ————= |- ==
8y | =—|==|==|ol|=—|=— == | = | | == == | m— == | == | == == | == [ == || === == | m————— [ —————

G4 | D1|DL|0L |——|Llo|——|——|—=|—=|—=|—=|—=|—=|—|—=|——|—|-—[| 00 0| —————— | = —————

84 | ——|——|——|——|o1l|——|——|——|—"—|——|——|—|——|—"— ||| —|——||———=0— [ —————— | ——————

orjot|ot|—|-—=|1e|-—=]|-—=[-—=]-—=]-=]—=]-=|-=]-=|-=]—=[-=[[o00——=| == | -—————=

350

S5

Sgg | == |==—|==|==|==|==|1lo |==|==|==|==| == | == | == | == [ == | == | == || = ————— [ ————— | —————

—— == == == == ==l | == == | == | == | == | == [ == | == | == | == | == || = ———=—= | ————

Sy

sr, | 01]01]01 [—=|—=|—=[==]10|—=]|—=|—=|—=|—=|—=|—=|—=| —=|-=]| 00 0——= | - === == |- —————

g1, | = |——|——|—=|—=|—=—=|o1|—=|—= || == | = | ||| — |— |-~ 0= [
sy | —— |—— |01 |—=|—=|-=|—=|-=]1o|—=|—=|—=|—=|—=|—=|-—=|—|—=|-—0——= | - —— = |- ————
s, | ——|—=|—=|==|-=|-=|-=|-=|e1|-= | == |==|==|—=|—=|==|— |- ||-————- —— O [

590

SR QPN ) A R 0 ) P N N | P | S R e —

s | 01|01 |01 |——|—=[—=]—=[—=[—=]—=|1o [ —=|—=|—=|—=|-—=]—]—=[[o00——— | ————— |- ————

Suy | ——

s1g | —— | == | == | == | == == | == | === —=[1e |- |-=|-= || —= |- [|[-———== | - == |- ==
sy | == | == |—=|—=|—=|== | == | == | == | == == | o 1 | == | == | == | == | == |- = || - === == | = === () [—
Sy | == |—— |7~ |—— || |7~ |~ |~ |7~ || —— lo|—|—|—~|—|——-||--————"|—————|—————
s13 | == | == |==| == | == | == | == | == | == | == | == | == | 01 | == | == | == | == | == || = === | == - (J—

814, | == |==|==|==|==|==|==|==|==|=—=|==|=—=|==|==|01 |=—=|—|—=||-———===|—=———= ——=0——
S13 | D1 |== |01 |==|==|==|==|==|==|==|==| == |==|==|==|1lo|——|==||0=0===|==—=—= | === ===
815, | == |==|==|==|==|=— | == | == | == | == | == | == | == [ == [== |0 ] [ == [ == [| == ———— [ = ———— —————

si | 10|02 (00202 |01 |—— 01 |——|—= |01 |——|——|—=|01 |01 |—=|-=||loocoo|=0——0-|-=00—-—
sig | 01|10 (0202 (02|01 | —— 01 |——|—= |01 |——|—=|01|—=|—=|01|—=]||clocoe|=0——0-|-0-——0-—
s 01|01 (1002 (01|01 |—— 02|02 0201 | ——|—=|012|0L|01|01|—=|celeoe|=0000—[-0000~—
s | 01|00 L0|—=|—|—= ||| |—|——|——|—— ||| —|——]||ecelee|————|——————
51, | 01|02 |01 | == |10 |=—=|==|==|==|=—|=~|==|=—=|==|==|=—|=—|=—]||ecoelo|—————— [ =
1 | 01|02 |0] | =~ |==|10|==|==|==|==|==|==|==|==|==|==|==|==]||cc00OR]l |- | ==

Bigy | —|——|——|——|——|—— |10 |——|—=|——|—|——|——|——|—— || — | —= || —————— leocooe|——————

s, [ 010101 | === |==|== |10 ||| || |—— ||| ——|——||000==—|ploDOD |-

sy | == |=— |01 |==|==|==|==|==|==|10|==|==|==|==|== |-~ |——|——||=—0==—|po0loD |[-—————

s, [ 010101 | === |==|== | == |==|== |10 | == |==| == | == |==| == | == || 00 0==—=|po00]l0 |[-—————

figure 5.7: Requirement Update Restores Original Message
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Removing the mapped variables finally leaves an exact copy of the original message (see figure 5.8).

P
spy| locooe|=0=0—|==00-=|=000-=[=000==|=0-===0
sploloooo|=0=-0—|=0==0—=|=0==0—=[=0==0=|==0—=0~-
S| oolooe | =0000—(=0000—|=000-—=[=000-—|——=0——
sgy| vooloe|=0—0—-|-0—-—0-|-0—-———-0-——=|——=0——
sgu|oooole|=0——0—|-0-—0—-|-0-——— -0 | == ——
sp,| 00ooo]l|—m—m—m—— | [ e e
81| —————— locooo |[—=00=—|==00—=[=0000-{200000

$,| 000001 |elosee|-0———|-0—0—[-0-——|——=0——
s, | ——0—=——|oolooo |=00——=|=0000=[=-0000—|——=0——
§1,| =——0==—|oocoleoo |- |-0-=0—-—==0=|—==0—=
s, 00000 |ocooolo|——00—|-0—0—(-0000—|———0——

1y | —————— soooo ] |—————— | e | —

S9y| ——————|—————— loecooo|==00==|=000-=|===0—=
s9,| =0000=|=000==|cleooo|-l-s=[-0-=0—=|-==0——
§9,| 0=0===|0=0-0—|oolooo|-00-—|-000——|———0——

s9,| 0=0=—=|0===0—=|oooloo|-0-———-0-0-—|—————~—
o, | —0000—|-————— scovoolo|l—00—|-0——0—|——=0——
Sy | ——————|—————— seoool |—————|———— | ——————
83y | ==—————|m—————— | ————— looooo|—————— [ ——————
9,0 000001 (=0000=|=000-=|clocoo|=0==0—=|==00-—
83, | 0=0 == |0=0===|0-0=0—|oclooo|—-———— —0——0-
S3,| 0=0=—=|0=0==—=|l===0—|ocoloo|(l-———0|-0—-=0~-
Sg| = 0=====0000—|-=—=——— cooolo|=0000—|—00——
83y | =——————|—————— | —————— ooooo]l|——————|——————
84y | = ————— | —————— | —————— ———0=—|loocooo |[——————

54/ 000001|/000-0-|000001|-0——0—|clooeoe|——00——
$4,| 0=0———|0=0-0—|0—0———|————0—|colooo |-D——0—
S| D=0 ===|0=0=0=|0=00==|——=—0—|co00l00 |-0——0~—
$4y| —0————|0=000—|=0——0—|—-0——0—|cocole|——00——

gy | —————— | ———— | ————— ——=(=—=|ooooel|——————
S5y | ——————|—————— | | [ ——— looeoe
s5,| 0===—= Q————— | —————— ——00==|==00==|cloooo
Sgg| =0 ———— |0 [ —————— —=—=0—-|-0——0—|colooo
S5, | ——000—=(000002(000-0—|-0—=0—[-0—=0—|oooloo
s, | =0 ———|0————— | —————— ——00—=|—=00——|ooooleo
S| D ————— ———— | —————— [ ————— | —————— cooool

51

figure 5.8: Removing Mapped Variables Leaves Exact Copy of Original Message
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6 Satoku Matrix Mapped to CNF Formula

(oo V vV eV vV vV v A v Vovn Vv Vi Vv Vv A v Vv V
(w0 V un V. vV vV vV ovas)A( vV otV o ve Vo oug Vo ovu Vo ovs) A sV ovm V
(=wgo V =g ) A (mge V —wga ) A (=gg V —vgg ) A (2t V=g ) A (2t V —gs ) A (g V oo ) A (2 V
(—wgn W —wag ) A (oo Vo og ) A (e Vo oosa ) A (—ge Vg ) A (Sge Voo ) A (e Vo —oge ) A (S V
(—ope WV —wss ) A (—vm Vo otpe) A (Do Voo ) A (Dvm Voot ) A (Dom Voo ) A (Dom Voo ) A (oa W
(= V =g ) A (=g V 2 ) A (=g W mtga ) A (=g Voo ) A (2 Vot ) A (v Vo —se ) A (g V
(—vpa WV —wiga ) A (e Vo otes ) A (Soge Voo ) A (Sope Voo ) A (Soge Voo ) A (v Voo ) A (e V
(=t V wgg ) A (g V g ) A (Svge Voo ) A (Soge YV ooge ) A (S Voot ) A (Sge Voo ) A (Do V
(—wge V 7wsg ) A (Zgg Vo —wge ) A (2gg YV —wgs ) A (St Voo ) A (St Voo ) A (mogg Voot ) A (S V
(—vag V —var ) A (—ves V —wss ) A (—vea Vo oves ) A (e V oo ) A (St Voo ) A (—tipe Voo ) A (o V
(—vpa V =van ) A (Zwga V mwsa ) A (mog Voo ) A (2t YV mn ) A (S Vot ) A (g Voot ) A (o V
(mw1g WV e ) A (Do Vo Soge ) A (Dong Vo owas ) A (Do Vo ovan ) A (Done Vo ooaa ) A (Do Vo ovag ) A (o V
(mv10 V —wsa ) A (—vie V —wss ) A (o V ovsa ) A (Do Vo ooss ) A (o Vo ooe ) A (- Vo ovg ) A (o V
(mvn Vo wgg ) A (Do Vomogg ) A (R Y omogg ) A (T Voo ) A (mon W sg ) A (e Vomeg ) A (Do V
(g V —wor ) A (—wna Vo mwae ) A (—wna WV ooy ) A (Do Vo ) A (Do Vo ) A (—ne Voo ) A (Do V
(mng V oty ) A (—vng V o) A (2on W mtsg ) A (g Voo ) A (2 W ogs ) A (g V —om ) A (g V
(mwig V g ) A (Tog V mwsg ) A (Do Voo ) A (Tong VoS ) A (T W mwag ) A (T Voo ) A (Do V
(—w1g V —vga ) A (—ong Vo oogg ) A (—ong WV ooga ) A (Do Vo sg ) A (Svag Vo ) A (S WV mwae ) A (Do V
(mgg W g5 ) A (—vgg V —ga ) A (2 W mtgg ) A (—ogg Voo ) A (2 Vo mtag ) A (2oag Vo —gg ) A (o V
(—wgr WV —wag ) A (e Vo mwag ) A (D Vo owas ) A (e Vooesn ) A (Do Voo ) A (e Voo ) A (o V
(g W mwga ) A (vae Vo mtas ) A (Tma Voo ) A (e Vo mosa ) A (Ssa Voo ) A (e Vo otas ) A (s W
(mrgy W mtgg ) A (—vgg Vo mgs ) A (g W mtgg ) A (2gg Voo ) A (2 W mtgg ) A (2o Vo —gs ) A (g V
(—gq WV —wgn ) A (g Voo ) A (Dg Vo owss ) A (osg Vooesn ) A (Dome Vo owsa ) A (osg Vo oee ) A (o V
(—vgn W mwgg ) A (Zgy V mogg ) A (2 WV omogg ) A (2t WV mgs ) A (S Voo ) A (g Voot ) A (Do V
(mgg W mtgg ) A (—vge V o) A (2 W otgs ) A (g V os ) A (S W osg ) A (2o V s ) A (g V
(—vmg V —wgs ) A (Doeg Voows ) A (Doas WV oowsg ) A (s Voooss ) A (Doag Voo ) A (s Vo ovga ) A (Do V
(g V usg ) A (g V g ) A (Soge V owgg ) A (Sgg Vo owge ) A (Dgg Voot ) A (Dogg Vo) A (Do V
(mvar WV mwag ) A (Dvan Voot ) A (Doan WV oowas ) A (Do Vo owsa ) A (Do WV owss ) A (Doae Voo ) Ao
(—vga WV —ws ) A (Dvae Vo owsg ) A (Dogg Voo ) A (Doag Voo ) A (Doas WV oowsn ) A (Doag Vooosg ) A (o V
(—vaa V 7wsg ) A (mse V mwsy ) A (Sse V mwsa ) A (Stsg Vo osg ) A (Sesg V mse ) A (2vse V oss ) A (D
[_'L’-,] _"L’f,,\}la"\(_'f_’-,] _"L’f,f,}l.-"\ (_'L’-,g \«"'_'L’-,;}la"\ [_'L’-,g\«"'_'t_’-,\}la"\("t_’-,g \«"'_'L’-,-,}l.n"\ [_'L’-,;V_‘L’-,\)J'\(_'L’

figure 6.1: Satoku Matrix Mapped to CNF Formula
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Vg VM vy Vo g VO Ugs ) A
vsa N vsa Vo owsa Vo uss ) A
) A (ge V S ) A
gy ) A (—og VW owsn ) A
=g ) A (—ogn Vv ) A
s ) A (gg V Sy ) A
o ) A (Tge Vs ) A
g ) A (vge V Tty ) A
g ) A (gg V S ) A
g ) A (Tga Vg ) A
gy ) A (g Voot ) A
S ) A (Dg Vs ) A
_'L’n) M [_'L’]] W _"L’]-,) M
o) A (i Vg ) A
| ) A ("L’]g W _"L’qg) A
g ) A (g V S ) A
gy ) A [Ty Vg ) A
Sy ) A (—ag W wag ) A
sy ) A (gr VS ) A
s ) M ("L"‘gg W _"L"‘g;;) M
=gy ) A (—ea W —wsg ) A
g ) A (gg V Sy ) A
gy ) A (g WO ) A
gy ) A (g W owgg ) A
s ) A (g W “'t’qn) M
_'L’L;) M ("L’n W _"L’,n) M
s ) A (v V otag ) A
_'L’y\) M ("L’\g W _"L’q-,) M
_'L’L-,) M [_'L’n W _"L’f,g) M
V —g ) A (—ogy W ogg ) A
W wss ) A (Dtsa Vs )



7 CNF Formula Without At-Least-1 Clauses

] _‘i’ln}"'\ —vgg V

—gg Vg ) A (Soge Voo ) A (g
_‘L’lrz} A (—vm
Voo ) A (—om

_‘i’aa} A~
W ey ) A (—tm

T
—tmn
—wge V i ) A (—vpe V s )
_‘L’zl}
—vge V —tsa ) A (—es V o)
_‘i’n}*"\ gz V

T2 _‘i’u}"'\ T2

g —53)
gy V Ty } Mgy V )
=g Ve ) A (S V —'L’u)
Sy W s ) A (S Vs )
)
)
)

g

( (

( (

( (

( (

( (

( (

( (

( (

( (

( (

( (

(=1 V —om ) A (- V o
(=g V —vm ) A (—ne V v
(—ng V mogg ) A (—ng V gy
[_'L’]; V_'L’\\} M [_'L?“ " —q_:_”}
[ [ _‘1’4,1}
[ [ _"L’:rz}
( ( W —va)
( [ _‘L’za}
(—rag V —vag ) A (—ag WV —vas )
( (

( (

( (

( (

( (

( (

( (

( (

( (

—Tay \«"'_'f_’\]}a"\ g W —q_:“}

g _‘i’qz} Mgy

] _"1’25} A (g V
—wgy V gy ) A (g

gz _‘i’n}"'\ g

_‘i’u}*"\ T _‘L’H}
—tge W =g ) A (S V—'L’n}
gy W Ttgs ) A (S V
gy V_‘Uaz}"'\ gy V
=g V Tt ) A (—oa V o

1)
a)
)
W mtg ) A (—tag V)
1)
5)

gy

—s

g

s
g4 \,-"—q_:ﬂ},-'\ s W U
_'f-’al}"'\ -5 W

—U5 UG,

_‘L’lrz} A (g

( W =gy ) A (=g V —vga ) A (g Vs ) A (e Vo) A(mve Voo ) A (g YV ge ) A
( W mgg ) A (g Vo ooag ) A (—wge Vo owg ) A (g Vo ovge ) A (S Voo ) A (g V oosn ) A
( W mgg ) A (=g Vo mvga ) A (o V tigs ) A (2o Voon ) Almve Vo) A (S YV oom ) A
( Vg ) A (mom Vot ) A(mom WV ooaa ) A (Do Vo—ose ) A (o Vo) A (Doge Vo oogs ) A
(mwge WV —on ) A (moge WV —na ) A (—vee WV otna ) A (e V oo ) A (—oe Voo ) A (Soge WV —oas ) A
(—voa V =g ) A (—vge V —ag ) A (S V oogg ) A (Zvge Vo ovan ) A (v V ot ) A (S V v ) A
(=g V —ogs ) A (mogs Voo ) A (—ves Voo ) A (e Voo ) A (—o Voo ) A (s Voo ) A
(—wos V =05 ) A (=000 V =0 ) A (=pn V 2na ) A (=00 V oo ) A (a0 V o) A (St V o) A
(mag V7o ) A (mng V mng ) A (Song Vg ) A (Dog Vo mong ) A (S Voo ) A (Bong Vg ) A
(—tg V ovgg ) A (mowe V oo ) A (—ng Vo owe ) A (o Vo owas ) A (o Voot ) A (Do V oo ) A
(mng V w5 ) A (mng V wss ) A (mom V mong ) A (Do V oong ) A (s Voo ) A (Bon Voo ) A
(=t V ovga ) A (—on Voowa ) A (—on WV oowss ) A (o Voooag ) A (oo Voot ) A (Do Voo ) A
(=g V —vm ) A (—ne Vo —oose ) A (- V —'L’H} A (mvne Voo ) A (Do Voo ) A (Dine Vo otae ) A
(—tng V g3 ) A (—tng Vo mong ) A (mong Voo ) A (Do Voo ) A (S Voo ) A (Dogg Vg ) A
["L’]\ \-"'_'i_’]-,]l M [_'L’n v _'L"‘gg}l M ["L’]\ \."'_'L"‘“} M [_'L’n v _'L’“} M [_'L’n _'L’n} M [_'L’n, v _"L’.ﬂ} M
(mvna V gy ) A (mong Vo msg ) A (g Vot ) A (Soag Vo mwae ) A (o Voo ) A (e Vg ) A
(vgg V —gg ) A (Do V _‘L’n} A(mwgg W mge ) A (e V Sty ) A (Do Vs ) A (Dom Vo ) A
(—var W oo ) A (—vor Voo ) A (Do Voot ) A (e WV omaa ) A (o Voo ) A (Dee Vo owag ) A
(mvag VW mrgy ) A (g WV g ) A (g Vo ) A (Sag W mtge ) A (o Vg ) A (mome Vo esg ) A
(—trag V =g ) A (—vas WV —oan ) A (—vag WV ootg ) A (Svag WV oowas ) A (—oae Voo ) A (—oag Vo —oag ) A
(—tr2g WV —wsg ) A (moae WV —oan ) A (—vag WV owae ) A (Soae Vo —was ) A (—oa Voo ) A (Sose Vo —oss ) A
(—n V mwgg ) A (v V 2was ) A (2 Vo ) A (2o Vo ovag ) A(—vm V oesy ) A (Do V ooss ) A
[_'L’” \-"'_'t’;-,} N [_'L’u W s }l N [_'L’u V_'L’-,\} N [_'L’“ W _'L’n} N [_'L’“ _'L’;,-,} A [_'L’“ W _"L’.m} N
(mag V w5 ) A (=g V 2was ) A (2 Vo ) A (20 V otag ) A (2o Voo ) A (S Vo) A
(mwap V gy ) A (Dogg V _‘L’u} A (g Vg ) A (Foag V 0aa) A2 V g ) A (S0 Voo ) A
[_'L?u \-"'_'i_?h}l M [_'L?ﬂ —sa }I M [_'L?ﬂ V_‘U-,j} M ["L?u v _'L?“}I M ["L’u _'L?1,,<.}I M ["L?u v _"L?,ﬁ,}l M
(—vag V =g ) A (—vgg V ogs ) A (Do V owsn ) A (Do V oosg ) A (Do Voo ) A (Do V osa) A
[_'L"n A" _'i_’jg]l M [_'L’m A R }I M [_'L"n A" _'L’ﬂ}l M [_'L’m A _'L’"}I M [_'L’ﬂ _'L’jg}l M [_'L’ﬂ A _"L’f]:j} M
(—wse V sy ) A (Dvse WV —ovsa ) A (—vse Vo owss ) A (—osg Voosa ) A (—oss Vo oss ) A (Dosa Vo oss )

figure 7.1: CNF formula without at-least-1 clauses
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