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YES NO NO YES YES
Value 411 Value 412 Value 413 Value 414 Value 415
s
Vector of Values 410
FIG. 9a
A,B,C D} {ABCE {A B, C F {AB,F G} | {AB,G H
Value 421 Value 422 Value 423 Value 424 Value 425
-~
Vector of Values 420
F1G. 9b
1. Alice 1. Bob 1. Bob 1. Alice 1. Alice
2. Bob Z. Alice 2. Alice 2. Bob 2. Bob
3. Chuck 3. Chuck 3. Chuck 3. Chuck 3. Ed
4. David 4. David 4, David 4 bEd 4. Chuck
5 Ed 5 kEd 5. Frank 5. David 5. David
&. Frank G. Frank 6. &£d 6. Frank 6. Frank
Value 431 Value 432 Value 433 Value 434 Value 435
#
Vector of Values 430

FIG. 9¢
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YES YES YES YES YES
Valus 515 Value 514 Value 513 Value 512 Value 511
“
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FIG. 10a
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Value 516 Value 515 Value 514 Value 513 Value 512
-~
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FIG. 10b
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Value 517 Value 518 Value 515 Value 514 Value 513
-
Vector of Values 530 S
FIG. 10c
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Value 518 Value 517 Value 516 Value 515 Value 514
-~
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Compute Device 110 defines a vector of values for a parameter based
on a value of the parameter stored in Distributed Database Instance 113

1

i

Compute Device 110 chooses another compute device among Compute
Device 120, 130, 140, and requests from the chosen compute device
{e.q., Compute Device 120} a value for the parameter stored in the
distributed databased instance of the chosen compute device {e.q.,
Distributed Database Instance 123 of Compute Device 120)

12

l

Compute Device 110 {1} receives, from the chosen compute device
(e.g., Compute Device 120}, the value for the parameter stored in the
distributed databased instance of the chosen compute device {e.g.,
Distributed Databased Instance 123 of Compute Device 120} and (2)
sends, to the chosen compute device {e.g., Compute Device 120}, a
value for the parameter stored in Distributed Databased Instance 113

1

l

Compute Device 110 stores the value for the parameter received from
the chosen compute device {e.g., Compute Device 120) in the vector of

values for the parameter

14

l

Compute Device 110 selects a value for the parameter based on the
vector of values for the parameter

15

FIG. 11
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Compute Device 110 selects a value for the parameter based on the
vector of values for the parameter

1

l

Compute Device 110 (1) receives values for the parameter from other
compute devices {e.g., Compute Device 120, 130, 140) and (2} sends a
,,,,,,,,,,,,,,,,,,, pi value for the parameter stored in Distributed Databased Instance 113 to
the other compute devices {e.q., Compute Device 120, 130, 140

2

l

Compute Device 110 stores the values for the parameter received from
the other compute devices {e.g., Compute Device 120, 130, 140} in the
vector of values for the parameter

T Compute Device 110 determines T

— .

\ probability of resetting the veclor of values

— -

lYES

<:f whether to reset the vector of values based on a predefined /

Compute Device 110 resets sach value in the vector of values for the
parameter 1o equal the value for the parameter stored in Distributed
Databased Instance 113

25

FIG. 12
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Compute Device 110 (1) receives a value for the parameter
from another compute device {(8.g., Compute Device 120

and (2) sends a value for the parameter stored in
Distributed Database Instance 113 to the other compute
device {e.q., Compute Device 120)

1

|

Compute Device 110 stores the value for the parameter
received from the other compute device {e.q., Compute
Device 120} in the vector of values for the parameter

/\!
TN
L ~.
~ ~.
~ ~.
~ ~.
~ ~.

L ~.
L ~.
- .
- .
- .
- .
~ ~.

" Compute Device 110 determines
" whether the value for the parameter received

~.
~.
~.
~.

-

<

- from the other compute device {e.g., Compute

\\\ Device 120} is equal to the value for the //‘/
\\ parameter stored in Distributed //
\\@ai:abased instance 1 13/./

~. -
~. -
~. /

~. -
~. -
~. -
~. -
~ /
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NG

~.
~.

Compute Device 110
increments a confidence
value associated with
Distributed Database
fnstance 113 by one

34

&

YES

o
/

Compute Device 110 decrements a confidence value

associated with Distributed Database Instance 113 by one,

if the confidence value is greater than zero

NO

35
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e
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An event is a tuple o = {d, k. £,0,8} whers:

d = datafz} == the “payload” data, which may include transactions,
k= hashes{e} = »list of hashes of the event’s parents, seli-parent Bst,
t = fimels) = creabor’s claimed date snd time of the event’s creation.
e = greator{e) = erestor's I mamber.
& == aigle} = eveator’s digital signature of {dhte}.

n = the namber of members in the population

14 19n/8)

m
Firal = the unique event that has no parents
E = the set of all evenis
T = setof all possible {time, date) pairs
B = {true, folse}
N = {$1,3.}
anesstor : ExEa R

selfAncsstor @ ExESR

ExE—+ B

stronglySen 1 Ex E B
parentRound : E 4N

winwss ¢ BB
round ¢« KN
rouandDiff ¢ Ko E-§
votes : ExExBE

wotedmction « FxE 4B

vl | FuE B

docide . ExESB
alifamons © 9%
famous ¢ KB

round Beosdvadd ¥l
timeRoocivemd BT

FIG. 16a



angestor{z, ¥}
self Ancestor{e, y}
seefr, ¥}

stronglySes{s, v}

paventRound{a}

witness{x}

vermnd{s}

roundDiff{x, ¥}
v{,&ﬁ{‘zéyr %‘-‘}

vodeFractioniz, ¥}

duddelz, ¥}
alifamous{r)
Tamonas{x}

roundRecetved{z}

timeBecetverdi{z)

i

o

i

i
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{x =y} v Bz epwrents{z) | sugestor{z, y}}
anvestor{a, ¥} A {selfParent{z} = g} v selfA nosstor{sdifParent{x}, #})
anvestar{x, y) A {3e, bee E:
{snesstor{y, ajAmestor{y, 8 A ¢ Sprrents{x) A ¢ eparents{ii}}a
ereator{e} =crestor{h) =coeator{e)
se(ny) ABS e 2¥  (ISi=m) A lz £ 8 < {rex{z, 2)see(e.y]}))
g Ha= fﬁf‘sf
| DN rentatey TOWRA{Y)  Otherwine
82 {{Si=maA
{¥g € §: { vound{y} = purentRound{x} A stronglySee(z, ¥} }})
| LbparentRound{z} i witness{z}
parentHound(x} otherwise
round{zi—round{y}
s € B soefa ) AromndDifi{zzi=1 A
stronglySes{s, 2} A vole{z, 3} = v}
wobmesix, true) fivedes{s, true)-bwvotes(z, False}}
seefr, ¥} # roundDiff{z, g} = 1
{votePaction{z, g} »= 1/2) ¥ {rowdDiff{z, g} modd # i v
beoteFraction{z, g} — 173 > 1/6
{1 =LBB{signatare{ai}} ciherwise
vote(e, ¥} A {roeadIBff{x, o) mod 5 8 1) A {voleFractionfx, g} > 2/3)
{x € B | bunows{z} A wund{z} = 4}
witness{z) A 3y € B | docidely, #)
mitipeeli {y € Bl round{y) = ra famm(g}:\ seofy, 23}
Hy € B vound{y) = r& mous(i)}] >= 1/3)
median{{time(y}y € Basealy, 230
{3z & E round{s) =moundReveived{z}aselfAncetor{z, a})A
~{3w ¢ E welfAnonstor{y, w)rsees, 331}

FIG. 16b
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An event is & tuple ¢ = {d, &,1, ¢, s} where:

d = dutele}

h = hashes{e)
£ = timefe}

i = creafor{e}
g = sigle)

H
!

= the “payload” data, which may include tramsactions,
= & list of hashes of the event’s parents, self-parent Hest,
= creator’s claimed date and time of the event’s creation.
= greator's ID number.

= ereator’s digital signature of {d,hte}.

= the number of memhers in the population

¢ = froquency of coin rounds {pg., e =8)
E = {the set of all events) U {2}
= sef of all possible (time daote} pairs

T
R = {brue, folsel
K = {6,12,.

parents

sl arent
aawestor
selfA noestor
stronglySes
parentRound
moundine
round
wilness
round Diff
votas
fractTrue
decide

vote

fanous
roundReorived
timeReceived

-}
: B398
B FE
ExE—-B
EuE—8
ExE 2B
ExE—-B
E-aH/
E-R
E—-M
E--B
ExE-E
ExE-R
ExE—B
E-»B
E—+M
E-»T

FIG. 17a



parsute{ e}
selfParent}
ancestor{we, g}
selfAnnestor{z, )

seef, )

stronglySee{w, y}
pareni Round{z}

roundine(x)

woad{r)

witviess{x)
rouadDiff{x, ¥}
votes{zx, 4, v}

fraciTruelr, g}

docide{z, ¥}

vote{z, ¥}

famonsin)
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seh of parents of event x

the selfparent of event x, or & if none

{z # B Allx = ¢} V (B eparenislz) : ancestor{z, y}}}
{x # @} A l{z = ¢) V selfAncestor{zelParent{), ¥)}

sxwesten(z, 1) A ~{3e. b € E : crestor{y} = ereator{a} = creator{b}A
ancestor{x, e} A ancestor {x, ) A - selfAncestor{a, b} A —selfAncestor{b, a}}

soefr, A ES €28 ({8 > N €8 = {sonln, 2} Aseelz,3)}})
mnx{{0} U {ramad{y iy Spavendsin}}}

38 € 28 - (i8] > Inf3 A
¥y € 9 : {round{y) = pavemiRound{z} A stronglySee{zx, y1}}}

prrentRound{x} + {1 if roundinc(z)

§ otherwise
{selfParent{z} = &} V {round{x) > round{selfParent{x}}}
ronnd{x} — romnd{y}

Hz € E | roundDiff{z, 2} = 1 A stronglySee{z, 2] A vote{z, y} = v}

ey drael
funtenle gl povteniny, faloni

(= # 2} A {roundDf (e, 3} > 1) A {decide{selParent{z), ¥} ¥
[witness{x] A oundDiff (2, 1) mod o5 1A ..,{% < fractTree(x, g} < I
( vote{selfParent{x}, y) if {~witness{x}} V decide{selParent{z}, 5}
1 = middleBit{signature{x}} ¥ witness{r}
A —decide{selParsat{x}, 4}

) A {roundDiff(z, 3} # 1)
A {roundDiff(z, ¢} mod o= 1}
 frack Tevelx, g} 2 é otherwize

witnews{x} A 3y € E : decide(y, 2} A vote{y, 2}

Mg Bifrouniyyeerintomonstyisserty it + 1 g
Ty e Tromndlyi=rIABmontnl] = 14 2)

i
mextinn{ {tine{yily € F & see(p, w3A

{3z € E : roursl{z} = roundRecsived{x) A vellAncestor{z, ¢} 1A
—{Tw € E : selfAncestor{y, w} Aseefrw, 2}

FIG.17b
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