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Abstract

Dynamic Unary Encoding takes Unary Encoding to the next level. Every n-bit binary string is an
encoding of dynamic unary and every n-bit binary string is encodable by dynamic unary. By utilizing
both forms of unary code and a single bit of parity information dynamic unary encoding partitions 2"
non-negative integers into n sets of disjoint cycles of n-bit elements. These cycles have been employed
as virtual data sets, binary transforms and as a mathematical object. Characterization of both the cycles
and of the cycle spectrum is given. Examples of encoding and decoding algorithms are given. Examples
of other constructs utilizing the principles of dynamic unary encoding are presented. The cycle as a
mathematical object is demonstrated.

1 Introduction

Dynamic Unary Encoding (DUE), in the form of a binary data encoder, was discovered by this author
in January of 2010 during an effort to satisfy a data compression challenge through experimental binary
encoding schemes involving iterative functions. Although the effort to find a solution to that challenge
continues; DUE is a discovery of importance. Effort is made to present DUE in an introductory format
leading to suggestions of applications in higher mathematics and computer science. It has not escaped
observation that Dynamic Unary has applications beyond data encoding.

1.1 Overview

The history and development of Dynamic Unary Encoding is a reflection of my search for innovative binary
encoding resulting in four categories of algorithms developed through experimentation and observation.

The first category of encoder developed is introduced as an iterative function exporting the parity of the
first bit, in the binary string being encoded, as the transform. An example of this category of algorithm is
presented in 5.1.

The second category includes binary string constructions and deconstructions exploring the relationship
of parity information and unary code to binary string structure. An example is presented in 5.2.

The third category communicates the parity structure of the source string via the terminus parity of the
unary code. Through iteration of encoding or decoding it was observed that for all n-bit binary strings DUE
generated a cycle of n-bit elements.

For the fourth category the cycles of DUE as a complete orbit are successfully utilized as a mathematical
object; a type of dynamic integer or Quantum Numbers perhaps? A non-DUE cycle is generated as the
example of this category.



1.2 Unary code

Unary Code[l1]] is an entropy code that represents a non-negative integer. Unary code has the form of a body
of zero or more bits of one parity and a single bit terminus of the opposite parity.

e Example: Integer value four can be represented in unary code as both 0111 and 100(ﬂ.

A finite length binary string may contain more than one unary coded integer. Each integer is delimited by
the terminus parity.

e Example: In the binary string “0111011110110100” unary codes with a terminus of the O parity
represent integers {4,5,3,2,1,1}.

1.3 Parity structure of binary strings and the Parity Reference

Binary strings have the quality of being dividable into segments of same parity bits in an alternating parity
pattern forming the parity structure of the binary string.

e Example: For “0111011110110100 »” same parity bit segments are {0,111,0,1111,0, 11,0, 1,00}.

This parity structure is communicated with a single bit by knowing the parity of a single bit at a specific bit
position. The term for this is the Parity Reference. The term Parity Reference incorporates both the physical
location of that bit and the information of that bit’s parity state. The Parity Reference may be internal to
the encoding or can be external. Bit position notation follows conventional representation of by (first bit)
through b,,_; for some finite length binary string. A finite length binary string is also referenced as an n-bit.

2 Encoding and Decoding

The Cycle and Mathematical Object aspects of Dynamic Unary Encoding are presented first followed by
two encoding constructs utilizing external Parity Reference constructs. Dynamic Unary Encoding utilizes
Unary Code and Parity Reference information for all constructs.

2.1 Encoding

First, encoding parses a finite length binary string into same parity segments. The terminus parity of the
unary code is determined by the parity of the bit at the Parity Reference bit position. Once the binary string
parity structure is exported as terminus parity a simple bijection of segment length and unary code exists.
The lengths of those segments are then represented in a new string by unary codes. An example encode
algorithm is presented in figure 1.

e Let o represent encoding.
e Let our source string be “0100100001100101011011000110110001101111” “Hello” in ASCII code.
o [ et the Parity Reference = by making the unary code terminus = 1.

Same parity segments 01001 0000110010101101100011011000110 1111
Unary Encoded 1110110001010111110110100101 10100101 1000

¢(0100100001100101011011000110110001101111)¢ = (1110110001010111110110100101101001011000),

'Binary[2]] data are presented in the Western Positional Notation of right to left.



2.2 Decoding

First, decoding determines the terminus parity of the unary code used to encode from the nth (b,—1) bit of
the string. Then the string is parsed into unary codes by terminus boundaries. Same parity segments, of
the length the unary code communicates, are then written in correct parity order using the Parity Reference
information. An example decode algorithm is presented in figure 2.

e Let -0 represent decoding.
e Let our source string be “1110110001010111110110100101101001011000”

e Let our unary code terminus be 1 and our Parity Reference = by. Terminus information is read at b,, ;.

Parse the string into unary codes 1 1 101 1000101011 11101 10100 10 1 10 100 10 1 1000
Same parity bit segments 0100100001100101011011000110110001101111

-0(1110110001010111110110100101101001011000); = (0100100001100101011011000110110001101111)4

3 Cycles and Cycle Spectrum

Every n-bit binary string is an encoding of dynamic unary and every n-bit binary string is encodable by
dynamic unary. Through experimentation and observation iteration of encoding or decoding resulted in
a cycle of k elements of length n bits. By utilizing both forms of unary code and the parity structure
information of the source string dynamic unary partitions 2" non-negative integers into disjoint cycles[3/][4]
of n-bit elements creating a dynamic data type. The spectrum of these cycles is an infinite progression of
sets[10]] of cycles that have in common relationships to powers of two| The quality of the cycles being
disjoint was first determined by observations of the cycles of the shorter length strings which are easy
to generate by hand. The disjoint quality of the cycles was also observed with a C-Language program
generating the cycles of thirty two bit elements, as a data set, of all 232 non-negative integers. Encoding
is further defined as generating the next element in cycle and decoding is further defined as generating the
previous element in cycle.

So = {0000} n =4k =8 PRef = by Si+1 = O'(So)i or -O'(So)i for0>i< kS =5
o(0000) = (0111 11000101 1111 1000 0011 10100000)=(7 1251583 100)
-o(0000) = ( 1010 0011 1000 1111 0101 11000111 0000)=(10381551270)

So'—)SlHSQHS3'—>S4l—>S5|—>SG>—>S7:SO
Example cycle in both the encode direction and the decode direction of a 4-bit string.

The number of cycles for a n-bit binary string and a specific Parity Reference bit position is determined by
x equals the number of elements in a cycle and 2" the number of non-negative integers such that cycles =
2" /x. That there are n choices for a Parity Reference means we also have n sets of cycles for each n-bit
string.

e From observations of the cycle data, cycle spectrum can be separated into three categories.

e String length (27)% has (2!17") cycles of (2") elements for n = 0

e Binary string lengths that are a power of two, greater than one, and Parity Reference of by have been observed
as having an element count of (2'*") and cycle count of (22" /2'T™) forn € {1,2,3,...}.

e All other lengths and Parity Reference combinations may be defined as (2'+11°82 7)) elementsand (1+n /21t logz ]

cycles forn € {1,2,3,...}.

2A complete listing of the cycles for string lengths one through eight is presented in table one.

3In researching the Mathematics of Cycles it was observed that a cycling of a single element is not generally considered a
Cycle;[3] however, what applies to a string of one bit, in DUE, applies to all strings and is therefore included as such.

(1 + oz "J)ne{l,g,gw} ={2,4,4,8,8,8,8,16, 16,16, 16, 16, 16, 16, 16, 32, 32, 32, ...}



4 The Cycle as a mathematical object

4.1 Introduction

By utilizing the complete orbit, application as a mathematical object is realized. As a demonstration a
non-DUE cycle is presented. The concepts of “Cycle-Of” (o¢) and “Cycle-On” (0¢y,) are now introduced
to differentiate types of cycles. Cycle-Of is defined as the dynamic unary cycle of an element. Cycle-On is
defined as applying Cycle-Of to an element. In the following example a function utilizing the orbits of
three integers and the logical operation exclusive-or[9], a (coy,) cycle of thirty two elements is generated.
That for the element length of sixteen bits and a Parity Reference by the number of (0o ) elements is thirty
two and the number of elements in the (cp,,) is also thirty two. This is not always the case. For example
change the Parity Reference to any other bit position and the number of elements in the (oo ) cycle is
sixteen. Curiously the number of elements in the (o, ) orbit is still thirty two. Thus for Parity Reference
bo only one (o0 ) orbit occurs and for all other Parity References two (o) orbits are required to generate
a complete (0,,) orbit. The halting condition of both the Cycle-Of and the Cycle-On is when the element
generated equals the starting element. The reason only one (o) orbit occurs for string lengths of powers
of two and a Parity Reference of by is seen in the element structure of the cycle in that the elements of those
cycles can be divided into two sets where the members of each are parity inverses of the other.

e An example of length four bits oo £(0000) = (0111 1100 0101 1111 1000 0011 1010 0000 )

For the following initial conditions this function generates a (o ,,) orbit for the element Sy = 2014 .

e Let the length of string be sixteen bits.

e Let the Parity Reference be by.

e Let0<j <32 and 0<17< 32 where S32 =59, X302 = Xy, Y30 =Y and Z3; = Z
o let Xg=1,Y =99, Zyp = 6408 and Sp = 2014

e Let Sj+1 = Sj EBO’(X)Z @O’(Y)Z GBO'(Z)Z

The Cycle-On cycle : 00,(2014) = ( 28158 19761 64921 60058 30232 23332 8057 63754
27712 19536 951 60323 34882 23123 57674 2015
37376 19760 615 60059 35302 23333 57479 63755
37822 19537 64585 60322 30652 23122 7860 2014 )

If we examine the mapping it is clear that the next element in the (0, ) cycle is not a result of Dynamic
Unary Encoding. 0000011111011110 + 0110110111111110. The value 2,014 is mapped to the value
28,158. A quality of this (op,,) orbit is that by knowing one element in the cycle and it’s index the original
element (Sy) can be retrieved.

This example utilizes cycles of the same type, direction of spin and element count for simplicity of
demonstration however constructs are not limited to same type of cycle, same number of cycles in a
function, same spin direction or the cycles being of the same k size.



4.2 Observations

It has been observed that the cycles with element lengths, greater than one, that are a power of two of Parity
Reference by and powers of two plus one of Parity Reference b; have elements, when considered to be
unsigned integers, that sum to the same value.

e Let o represent binary strings length 2™ and (3 represent binary strings length 2™ 4+ 1 for 0 < n < oo

o 72 g(a) = (22" — 1)27: {0(a)]6, 60,2040, 1048560, 137438953440, . .. }

1+ [logo (2™ +1) ] n
. Egil # ) o(B)rr = (22" —1)27: {3 0(B)|14, 124, 4088, 2097136, 274877906912, ... }
Other n-bit and Parity Reference combinations have been observed as those cycles having more than a
single sum suggesting that those cycles may be grouped by a conserved quantity quality.

S Alternate algorithms

Dynamic Unary has two components, the Unary Code and the Parity Reference information. Each part can
be utilized in constructs separately. Two encoding schemes are presented as examples.

5.1 Drop-T

The Drop-T algorithm exports the parity at Parity Reference by as the encoding transform. The source n-bit
is then encoded in fixed parity terminus unary codes. Each iteration of the encoding then “drops” the nth bit
of the newly unary encoded n-bit source string before the next iteration. Each iteration reduces the source
n-bit length by one bit and increases output n-bit length by one bit until all source bits are processed.

Decoding requires that the terminus parity be known. Decoding reads each bit sequentially from the
source n-bit providing the parity information needed to reconstruct the parity structure of the n-bit binary
string of each iteration. Because the construct of encoding is the collection of all the parities of each
iteration, Parity Reference is considered external to this n-bit being constructed. Decoding starts with a
single bit unary code and processes it’s parity structure then adds a new terminus bit to the end of that n-bit
increasing the length of the n-bit string by one bit. This iterative process completes when all the source
n-bit bits are used.

e Let our source be {011} and our Parity Reference be by. Our fixed parity terminus is 1.

e The encoded string then is all the parities sampled at b,
{011} — {110}, {10} — {11}, {1} — {1} so {011} — {101}
It was hoped that Drop-T would be a single bijective cycle for all n-bit elements representing all 2™
non-negative integers however it was discovered that some elements maped to themselves.

e With a terminus parity of 1 and a string of “000” the element maps to itself
{000} — {100}, {00} — {10},{0} — {1} so {000} — {000}

Therefore there are more than one cycle for each n-bit.
e Let our Parity Reference be by. Our fixed parity terminus is 0.
e For length one the cycles are {(0), (1)}
e For length two the cycles are { (0001 10),(11) }

e For length three the cycles are { (000 011 110 ),( 001 100 010 ),( 101 ),( 111)}



5.2 Binary string construction and deconstruction algorithms

During this phase of development several construction and deconstruction concepts were explored in the
hopes of finding some “data encoding magic.” Imagination was key during this phase. The basic constructs
of this category process unary code separately from Parity Reference information. Several variations of this
type of encoding were explored resulting in unique encoding schemes. For this example, any string length
n, two strings of length n + 1 can be generated. The Parity Reference is an external and fixed parity.

e Given an arbitrary string “011” then adding terminus’ 0+011 and 1+011 then decoding for a fixed
Parity Reference of 0 we get {1000} and {0010} because it is assumed the nh bit is the terminus
parity. Therefore it is possible to generate an eight bit string from three bits of information.

e So for this decode {011} — {10000010}

Related work

The cycle structure was first observed by Gustavus J. Simmons[3] and is presented in the paper Parity
Encoding of Binary Sequences. Simmons applies an exclusive-or summation algorithm; a “mod 2 sum of
the summands”, on binary strings which have in common a finite length and a parity of 1 in the most
significant bit position. The cycles generated prove to be a subset of those generated by DUE for the
conditions of the decode direction with the Parity Reference bit position of b,,_; when that bit is parity IE]
It is interesting that two different algorithms generate the cycle structure and raises the question of what do
exclusive-or and DUE have mathematically in common?

Conclusion

Dynamic Unary Encoding introduces new choices of how binary data is represented and processed. DUE
emerged out of efforts to discover innovative encoding methods. DUE has been applied as a bijective
transform changing one binary data file into millions of different files. DUE was an important part of a
surjective data encoder where many choices of what binary code would represent a source n-bit string were
generated. As a tool of deconstruction or construction binary data is processed bit by bit. Utilized as a
mathematical object, the forms a data can take is limited only by imagination because anything that can be
done and undone to a data can be a part of some encoding algorithm utilizing DUE. As a virtual data set
dynamic unary requires only one element in order to access all £ elements of a cycle. That quality also
extends to simple encryption of data by simply cycling a data in it’s orbit.

It is not difficult to envision applications of dynamic unary in categories such as the design of
microprocessors, robotics, artificial intelligence, cryptography, logic and control and possibly physics.

All in all there is more to DUE than has been done. More to discover about Dynamic Unary and it’s
applications. The questions now are what needs to be done, how is it to be applied and what results will be
realized.

On a personal note, like Gottfried Leibniz[6] I too find the relationship of binary numbers and the
I-Ching[7]] interesting. Dynamic Unary introduces a quality that I believe Leibniz would find interesting
and that is, as noted in the I-Ching and Dynamic Unary Encoding, that one element can change to another.
Metaphorically speaking, a Gate of WonderﬁS] has been opened and the garden that is DUE awaits.

STable One presents the encode data in left to right order. Decode direction equals right to left order.
Duyvendal’s translation is recommended as the context of this comment.
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No

Encoding reads same parity bit segments and writes their lengths as
unary code using the parity reference as the terminus parity of the
unary code.

Figure 1: Example encode algorithm



Decode must first determine the parity order so it reads each unary code until the
current read bit position is equal to or greater than the parity reference position.
Once the correct starting parity is known decode then reads unary symbols and

writes parity segments.

Figure 2: Example decode algorithm



Length of string 1 bit.
(0) (1) Parity reference by Number of Cycles 2 of 1 Element

Length of string 2 bits.
(1320) Parity reference by Number of Cycles 1 of 4 Elements
(10)(32) Parity reference b; Number of Cycles 2 of 2 Elements

Length of string 3 bits.
(3620)(5741) Parity reference by Number of Cycles 2 of 4 Elements
(3650)(2741) Parity reference b; Number of Cycles 2 of 4 Elements
(3120)(6574) Parity reference bo Number of Cycles 2 of 4 Elements

Length of string 4 bits.

(71251583100)(9131114624 1) Parity reference by Number of Cycles 2 of 8 Elements
(71250)(61341)(111492)(101583) Parity reference b; Number of Cycles 4 of 4 Elements
(712100)(613111)(41492)(51583) Parity reference bo Number of Cycles 4 of 4 Elements
(7350)(6241)(1210158)(1311149) Parity reference b3 Number of Cycles 4 of 4 Elements

Length of string 5 bits.
(15241130146100)(17252131167201)(12523281327222)(184929192683)
Parity reference by Number of Cycles 4 of 8 Elements
(15241130176210)(14251031167201)(1926232813492)(1827222912583)
Parity reference b; Number of Cycles 4 of 8 Elements
(15241111425100)(122683132792)(22291952328184)(21311672030176)
Parity reference bo Number of Cycles 4 of 8 Elements
(15242011425210)(12262331327222)(929195828184)(10311671130176)
Parity reference b3 Number of Cycles 4 of 8 Elements
(157111146100)(1258313492)(2420301725213116)(2722291926232818)
Parity reference b, Number of Cycles 4 of 8 Elements
Length of string 6 bits.
(314823602951420)(334941613550201)(281343623014222)(341221633215403)
(255347562754184)(395217573755445)(26819582411466)(36945593810167)
Parity reference by Number of Cycles 8 of 8 Elements
(314823602912210)(304922612813201)(355043623314412)(345142633215403)
(251047562754454)(241146572655445)(37819583952176)(36918593853167)
Parity reference b1 Number of Cycles 8 of 8 Elements
(314823603412420)(304922613513431)(285020623314412)(295121633215403)
(38534756279184)(39524657268195) (3755445824 11176)(365445592510167)
Parity reference bo Number of Cycles 8 of 8 Elements

(31482332951210)(30492222850201)(25531672754184)(24521762655195)
(445839114657378)(455938104756369)(4263321540603412)(4362331441613513)

Parity reference b3 Number of Cycles 8 of 8 Elements

(31484032951420) (3049412285043 1)(25534772754454)(24524662655445)

(19583911 1757378)(185938101656369)(2163321523603412)(2062331422613513)
Parity reference b, Number of Cycles 8 of 8 Elements
(31152332912210)(30142222813201)(2510167279184)(2411176268195)
(48406034 51426332) (494161 3550436233)(5445593853475636) (5544 583952465737)
Parity reference b5 Number of Cycles 8 of 8 Elements

Length of string 7 bits.
(63964712059 102420) (65978112169 103 84 1) (6029 83 1225627 862) (6628 451237026403 )
(5710187 1246199824) (7110041 125679844 5) (582443 1266230466) (6825851276431807)
(5110632157219908) (7710794 145418369 )(48239213751103810) (7822341253 1118811)
(391164910593 11574 16) (891177910435 1145217 ) (33 11373 10991 118 5020 ) (95 11255 108 37 11976 21 )
Parity reference by Number of Cycles 16 of 8 Elements
(63964712059 102850) (62974612158 10384 1) (6798 83 12271 100412 ) (66 99 82123 70 101403 )
(5726871246128454)(5627861256029445) (692443 1266530816) (6825421276431807)
(5110695 1125510837 8) (5010794 11354109369 ) (79 10435114751108910) (7810534 1157411188 11)
(53163911649229312) (521738 11748239213)(73 1891118772033 14)(72199011976213215)
Parity reference b; Number of Cycles 16 of 8 Elements
(6396471205925420) (629746 121582443 1) (609844 1225627412)(6199451235726403)
(70101 87 124 66 28 824 ) (71 100 86 12567 29 83 5) (69 103 84 126 65 30 81 6 ) (68 102 85 127 64 31 807 )
(51219511255108908) (502094 11354109919)(482392114521108910) (49229311553 1118811)
(74163911678 10534 12) (751738 117791043513 ) (73 1836 118 77 107 33 14 ) (72193711976 106 32 15)
Parity reference bo Number of Cycles 16 of 8 Elements
(6396471206825850)(6297461216924841)(6098441227127862)(6199451237026873)
(5710140124 6628 824 ) (5610041 1256729835) (5810343 1266530816) (5910242 1276431807)
(7610695 1125519378) (77 10794 113541836 9) (7910492 114521738 10) (7810593 115531639 11)
(741118811649223412) (7511089 11748 233513) (7310991 118502033 14) (7210890 11951213215)
Parity reference b3 Number of Cycles 16 of 8 Elements
(639647759102420) (629746658 103431)(609844556100412)(619945457101403)
(5110632 1555108378)(50107331454109369) (481043513521103810) (49105341253 1113911)
(88116782293 1157416)(891177923921147517) (91118772094 11373 18)(901197621951127219)
(84126653081 121 6924 ) (85127 64 31 80 120 68 25 ) ( 87 124 66 28 82 12370 26 ) ( 86 125 67 29 83 12271 27)
Parity reference b4 Number of Cycles 16 of 8 Elements
(639680759102850)(629781658103841)(609883556100862)(619982457101873)
(5110695 1555108908 ) (5010794 1454109919) (481049213521108910) (49105931253 1118811)
(39116782234 1157416) (38 1177923351147517) (36118772033 11373 18)(371197621321127219)
(43126653046 121 6924 ) (42 127 64 31 47 120 68 25 ) (40 124 66 28 45 123 70 26 ) (41 125 672944 12271 27)
Parity reference b5 Number of Cycles 16 of 8 Elements
(63314775925420)(62304665824431)(60294455627412)(61284545726403)
(512132155519378)(502033145418369)(4823351352173810)(4922341253163911)
(96 80 120 68 102 85 127 64 ) (97 81 121 69 103 84 126 65) (99 82 123 70 101 87 124 66 ) (98 83 12271 100 86 125 67 )
(1089011976 1069511272 ) (10991 118 7710794 11373 ) (111 88 11678 10593 11574 ) (11089 11779 10492 11475 )
Parity reference bg Number of Cycles 16 of 8 Elements

10



Length of string 8 bits.
(1127 192 95 240 119 204 85 255 128 63 160 15 136 51 170 0) (129 193 161 241 137 205 171 254 126 6294 14 118 5084 1)
(12461163242 116 49 169 253 131 194 92 13 139 206 86 2 ) ( 130 60 93 243 138 48 87 252 125 195 162 12 117 207 168 3 )

(121 197 167 244 113 201 173 251 134 58 88 11 142 54 824 ) ( 135 196 89 245 143 200 83 250 120 59 166 10 11255 1725)
(1225691246 114 52 81249 133 199 164 9 141 203 174 6 ) ( 132 57 165 247 140 53 175 248 123 19890 8 115202807 )
(10321265225 145217 181 239 15243 190 30 110 38 74 16 ) ( 153 213 191 224 111 216 75 238 102 42 64 31 144 39 180 17 )
(100 41 189 227 146 36 73 237 155 214 66 28 109 219 182 18 ) ( 154 40 67 226 108 37 183 236 101 215 18829 14721872 19)
(97209 185 229 151 220 77 235 158 46 70 26 104 35 178 20 ) ( 159 208 71 228 105 221 179 234 96 47 184 27 150 34 76 21 )
(9844 69231 148 33 177 233 157 211 186 24 107 222 78 22 ) ( 156 45 187 230 106 32 79 232 99 210 68 25 149 223 176 23 )
Parity reference bg Number of Cycles 16 of 16 Elements
(12719295240 119204 850 ) ( 126 193 94 241 118 205 84 1) ( 131 194 163 242 139 206 169 2) ( 130 195 162 243 138 207 168 3 )
(12158167244 113541734 ) (12059 166245 11255 1725) (133 56 91 246 141 5281 6 ) (1325790247 14053807 )
(115202 175248 123 198 165 8 ) ( 114 203 174 249 122 199 164 9 ) ( 143 200 83 250 135 196 89 10 ) ( 142 201 82251 134 197 88 11 )
(117 48872521256093 12) (11649 86253 124 61 92 13) (137 50 171 254 129 62 161 14) (136 51 170 255 128 63 160 15 )
(1032126530 14538 181 16 ) (102213 64 31 14439 180 17 ) (155214 18928 109 36 73 18 ) ( 154 215 18829 108 377219 )
(9746 18526 15122077 20 ) (96 47 184 27 150 221 76 21 ) ( 157 44 69 24 107 222 177 22 ) ( 156 45 68 25 106 223 176 23 )
(7923299210 187 230 149 32) (78 233 98 211 186 231 148 33 ) ( 179 234 159 208 71 228 105 34 ) ( 178 235 158 209 70 229 104 35)
(67226147218 183236 101 40 ) (66 227 146 219 182237 10041 ) ( 191 224 111 216 75 238 153 42) (190 225 110 217 74 239 15243 )
Parity reference b1 Number of Cycles 32 of 8 Elements
(12719295240 119204 1700 ) (126 193 94241 118 205 171 1) ( 124 194 92242 116 206 169 2 ) ( 125 19593 243 117 207 168 3)
(134197 167 244 142 201 824 ) (135 196 166 245 143 200 83 5) ( 133 199 164 246 141 203 81 6 ) ( 132 198 165 247 140202807 )
(11553175248 12357908 ) ( 11452174249 12256 91 9) (11255 172250 12059 89 10) ( 11354 173251 121 58 88 11)
(13848 87252130 60 162 12) (13949 86 253 131 61 163 13 ) ( 137 50 84 254 129 62 161 14 ) (136 51 85 255 128 63 160 15 )
(103212190225 11021774 16 ) (102 213 191 224 111 216 75 17 ) ( 100 214 189 227 109 219 73 18 ) ( 101 215 188 226 108 218 72 19 )
(158209 70229 151220 178 20 ) ( 159 208 71 228 150 221 179 21 ) ( 157 211 69 231 148 222 177 22 ) ( 156 210 68 230 149 223 176 23 )
(107337823398 44 18624 ) ( 106 3279 23299 45 187 25) (104 3577 23597 46 185 26 ) ( 105 34 76 234 96 47 184 27 )
(14636 182237 15541 66 28 ) ( 147 37 183 236 154 40 67 29 ) ( 145 38 181 239 15243 6530 ) ( 144 39 180 238 153 42 64 31 )
Parity reference bo Number of Cycles 32 of 8 Elements
(12719295240 11951850 ) (126 19394241 1185084 1) (12419492242 11649862 ) (12519593243 11748873 )
(121197 88244 11354824 ) (120 196 89245 1125583 5) (12219991 246 1145281 6) (123 19890247 11553807 )
(1140202 175 248 13257 165 8 ) ( 141 203 174 249 133 56 164 9 ) ( 143 200 172 250 135 59 166 10 ) ( 142 201 173 251 134 58 167 11 )
(138207 168 252 130 60 162 12) (139 206 169 253 131 61 163 13) ( 137 205 171 254 129 62 161 14 ) ( 136 204 170 255 128 63 160 15 )
(10343190225 110217 181 16 ) (10242191 224 111216 180 17 ) ( 100 41 189 227 109 219 182 18 ) ( 101 40 188 226 108 218 183 19 )
(97 46 185229 104 220 178 20 ) (96 47 184 228 105 221 179 21 ) (98 44 186 231 107 222 177 22') (99 45 187 230 106 223 176 23 )
(1483378 233 157 211 69 24 ) (149 3279 232 156 210 68 25 ) ( 151 35 77 235 158 209 70 26 ) ( 150 34 76 234 159 208 71 27 )
(14636 73237 155 214 66 28 ) ( 147 37 72236 154 215 67 29 ) ( 145 38 74 239 152 212 65 30 ) ( 144 39 75 238 153 213 64 31 )
Parity reference b3 Number of Cycles 32 of 8 Elements
(127 19295240 136 51 170 0) (126 193 94 241 13750 171 1) (124 194 92 242 13949 169 2 ) (125 19593 243 138 48 168 3 )
(121 197 88 244 14254 173 4 ) (120 196 89 245 143 551725 ) (122 199 91 246 141 52 174 6 ) (123 198 90 247 140 53 1757 )
(11520280248 13257 1658 ) (114 203 81 249 133 56 164 9 ) ( 112200 83 250 13559 166 10) ( 113 201 82251 13458 167 11 )
(117207 87 252 130 60 162 12) (116 206 86 253 131 61 163 13 ) ( 118 205 84 254 129 62 161 14 ) ( 119 204 85 255 128 63 160 15)
(152212190225 11038 74 16 ) (153213 191224 111397517 ) (155214 189 227 109 36 73 18 ) ( 154 215 188 226 108 3772 19)
(158209 185229 104 3577 20 ) (159 208 184 228 105 34 76 21 ) ( 157 211 186 231 107 33 78 22) ( 156 210 187 230 106 3279 23)
(148222 177 233 98 44 69 24 ) ( 149 223 176 232 99 45 68 25 ) ( 151 220 178 235 97 46 70 26 ) ( 150 221 179 234 96 47 71 27 )
(146219 182237 100 41 66 28 ) ( 147 218 183 236 101 40 67 29 ) ( 145 217 181 239 103 43 65 30 ) ( 144 216 180 238 102 42 64 31 )
Parity reference b4 Number of Cycles 32 of 8 Elements
(1271929515119204850) (126 19394 14 11820584 1) (12419492 13 116 206 86 2) ( 12519593 12 117207 87 3 )
(12119788 11113201824) (12019689 10112200835) (122199919 114203 816) (123198908 115202807)
(10321265301102177416) (1022136431 1112167517 ) (100 214 66 28 109 219 73 18 ) ( 101 2156729 108 218 7219 )
(197209 70 26 104 220 77 20 ) (96 208 71 27 105 221 76 21 ) (98 211 69 24 107 222 78 22') (99 210 68 25 106 223 79 23 )
(176232 156 45 187 230 149 32 ) (177 233 157 44 186 231 148 33 ) ( 179 234 159 47 184 228 150 34 ) ( 178 235 158 46 185229 151 35)
(182237 15541 189 227 146 36 ) ( 183 236 154 40 188 226 147 37 ) ( 181 239 15243 190 225 145 38 ) ( 180 238 153 42 191 224 144 39 )
(168252 130 60 162243 138 48 ) (169 253 131 61 163 242 13949 ) (171 254 129 62 161 241 137 50 ) ( 170 255 128 63 160 240 136 51 )
(174249 133 56 164 246 141 52) (175 248 132 57 165 247 140 53 ) ( 173 251 134 58 167 244 142 54 ) (172 250 135 59 166 245 143 55 )
Parity reference b5 Number of Cycles 32 of 8 Elements
(127192160 15119204 170 0) (126 193 161 14 118 205 171 1) (124 194 163 13 116 206 169 2 ) (125 195 162 12 117 207 168 3)
(121197 167 11 113201 1734 ) (120 196 166 10 112200 1725 ) (122199 1649 114203 1746 ) (123 198 165 8 1152021757 )
(10321219030 110217 181 16 ) (102213 191 31 111216 180 17 ) ( 100 214 189 28 109 219 182 18 ) ( 101 215 188 29 108 218 183 19 )
(197209 18526 104 220 178 20 ) (96 208 184 27 105221 179 21 ) (98 211 186 24 107 222 177 22') (99 210 187 25 106 223 176 23 )
(7923215645 68 230 149 32 ) (78 233 157 44 69 231 148 33 ) (76 234 159 47 71 228 150 34 ) (77 235 158 46 70 229 151 35 )
(73237 15541 66 227 146 36 ) ( 72 236 154 40 67 226 147 37 ) (74 239 152 43 65 225 145 38 ) (75 238 153 42 64 224 144 39 )
(8725213060 93 243 138 48 ) (86 253 131 61 92242 139 49 ) (184 254 129 62 94 241 137 50 ) ( 85 255 128 63 95 240 136 51 )
(81249 13356 91 246 141 52) ( 80 248 132 57 90 247 140 53 ) ( 82 251 134 58 88 244 142 54 ) (83 250 135 59 89 245 143 55 )
Parity reference bg Number of Cycles 32 of 8 Elements
(12763951511951850) (1266294 141185084 1) (12461921311649862) (1256093 1211748873
(121588811 11354824)(12059891011255835)(1225691911452816)(1235790811553807)
(103436530 1103874 16) (102426431 111397517) (10041 6628 1093673 18 ) (101 40 67 29 108 3772 19)
(97467026104 357720) (9647 7127 1053476 21 ) (98 44 69 24 107 33 78 22 ) (99 45 68 25 106 3279 23)

(1192160 240 136 204 170 255 128 ) ( 193 161 241 137 205 171 254 129 ) ( 195 162 243 138 207 168 252 130 ) ( 194 163 242 139 206 169 253 131)
(198 165 247 140 202 175 248 132 ) ( 199 164 246 141 203 174 249 133 ) ( 197 167 244 142 201 173 251 134 ) ( 196 166 245 143 200 172 250 135)
(216 180238 153 213 191 224 144 ) (217 181 239 152 212 190 225 145 ) ( 219 182 237 155 214 189 227 146 ) (218 183 236 154 215 188 226 147)
(222177233 157 211 186 231 148 ) (223 176 232 156 210 187 230 149 ) (221 179 234 159 208 184 228 150 ) (220 178 235 158 209 185 229 151)
Parity reference b7 Number of Cycles 32 of 8 Elements

Table 1:

Elements and cycles for string lengths one through eight bits in the encode direction.
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